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Abstract

The salience, prevalence, and consequences of feedback students receive on their
academic performance have led to widespread interest in assessment outcomes. Despite
the frequency and high stakes of performance feedback, a clear picture of how it
influences students” academic motivation has failed to emerge. The overarching goal of
this dissertation study was to better understand the effect of performance feedback on
secondary school students” academic motivation following a high-stakes assessment. In
particular, this study had three main aims: (1) begin disentangling the influence of
performance feedback from its valence on students’ self-efficacy, goal orientations, and
intrinsic motivation, (2) explore how the stage of an assessment event and performance
feedback interact to influence these motivation constructs, and (3) determine whether
the influence of performance feedback on academic motivation depends on the
evaluation dimension of the classroom goal structure.

To investigate these topical questions, the current study implemented a cluster-
randomized experimental design. One hundred sixty-one seventh through ninth grade
students in 13 math or science classes from a single, all-female secondary school were
randomly assigned by their class to one of the following four feedback conditions: (1)
numeric grades, (2) evaluative comments, (3) numeric grades accompanied by
evaluative comments, and (4) no feedback. Students’ academic motivation was then

measured on three occasions to capture its fluctuations during an assessment event: at
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baseline, immediately after teachers announced what form of feedback students would
receive (i.e., anticipation stage), and immediately after students received their assigned
form of feedback (i.e., receipt stage).

Results revealed a series of complex interactions between the stage of feedback
(i.e., anticipation vs. receipt) and its form (i.e., grades, comments, grades plus comments,
or no feedback). Notably, only students in the grades plus comments condition
experienced a decline in self-efficacy from anticipation to receipt of this feedback.
However, these students also reported an increase in their mastery goal orientation and
intrinsic motivation upon the receipt of grades accompanied by comments. Students in
the comments condition experienced a similar increase in intrinsic motivation. Finally,
students in the no feedback and comments conditions also reported a greater
performance-approach goal orientation when they received performance feedback (or
lack thereof) compared to when they anticipated it. No evidence was found to support
the hypothesis that students’” perceptions of the evaluation dimension of their classroom
goal structure moderated these interaction effects. Theoretical, methodological, and
practical implications of these findings are discussed along with limitations and

recommendations for future research.
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1. Introduction

“Is this gonna be graded?” Given the ubiquity of student assessment across
North America (McMillan, 2013; Pulfrey, Darnon, & Butera, 2013) and the high stakes
often attached to its outcomes (Willingham, Pollack, & Lewis, 2002), the popularity of
this question after teachers announce an assignment or exam is not surprising. Due to
the prevalence and salience of assessment in classrooms, students are constantly
confronted with indicators of their academic performance. Grades are the most common
indicator of performance (Ames, 1992), but they are not the only form of evaluative
feedback teachers deliver. For example, written comments often accompany or replace
grades as the feedback teachers provide about performance. In contrast, students could
instead experience an absence of feedback on their performance. How does this
feedback, or a lack thereof, influence students’ subsequent academic beliefs and
behavior? Are some forms of feedback following an assessment more influential or
beneficial than others?

Taken together, the prevalence, salience, and consequences of student
assessment suggest that empirical answers to these practical questions are of great
importance. As a result, educational psychologists, practitioners, and policymakers
have focused for decades on performance feedback and assessment in general
(Anderman, Anderman, Yough, & Gimbert, 2010). Recent changes to education policy,

such as No Child Left Behind and Race to the Top, have only increased the focus



(Anderman et al., 2010; Ercikan, 2006). Despite this widespread and enduring interest, a
clear picture has failed to emerge of why performance feedback following an assessment
influences students’ subsequent academic beliefs and behavior.

A particularly important yet largely unanswered question is how performance
feedback, or performance-specific evaluative information conveyed to students in the
form of a grade, comment, or combination of the two, influences academic motivation,
or “the process whereby [academic] goal-directed activity is instigated and sustained.”
(Anderman et al., 2010; Pekrun, Cusack, Murayama, Elliot, & Thomas, 2014; Schunk,
Pintrich, & Meece, 2008, p. 4). Inspired by the importance of performance feedback and
the need to better understand its effects on academic motivation, I conducted a primary
study to help address empirical gaps and overcome methodological limitations in the
existing literature. In the following sections, I first elaborate on the importance of
performance feedback and argue for its powerful impact on academic motivation. I then
provide an overview of the empirical literature exploring the performance feedback-
motivation relation, highlighting limitations and gaps in current knowledge about it.

Finally, I describe the goals and hypotheses of the current study.

1.1 Importance of Performance Feedback

Empirically testing and theoretically explaining the motivational consequences of
performance feedback is important for at least four reasons. First, the evaluation of

student learning is a “pervasive phenomenon” (Ames, 1992, p. 265; Crooks, 1988;



McMillan, 2013, Natriello, 1987; Pulfrey et al., 2013) that has only become more
prevalent in recent years (Pulfrey et al., 2013; Wolf, 2007). As a result, more knowledge
about the feedback that follows performance is necessary to better understand students’
academic experiences.

Second, performance feedback often shapes students” academic trajectories
because it can play a central role in education-related decisions (Willingham et al., 2002).
For example, promotion to the next grade level, qualification for honors courses, and
entrance into college often hinge on students’ grades. Given the lasting impact of the
performance feedback students receive, it is important to understand how this feedback
shapes subsequent academic outcomes. If grades or other forms of performance
feedback influence motivational and other psychological processes, they may change
students” approach to, and thus performance on, future assessments (Paris, Lawton,
Turner, & Roth, 1991).

Third, better understanding the academic consequences of performance feedback
could help address recent, widespread concerns about student achievement in the
United States (e.g., Boyer & Hamil, 2008). In particular, researchers have argued that the
fastest and most effective way to improve student learning is to modify assessment
methods (e.g., Elton & Laurillard, 1979). Therefore, a clear picture of what forms of

performance feedback foster rather than undermine student learning could provide



educators and policymakers with a pragmatic means of closing international
achievement gaps.

Fourth, previous research suggests that the influence of performance feedback is
“powerful” yet “multidimensional and complex” (Natriello, 1987, p. 169), which has
prevented researchers from generating consistent conclusions and recommendations
from the empirical evidence. In particular, whether feedback on assessments facilitates
or undermines students” future performance is unclear. Some studies have revealed that
grades are detrimental to subsequent performance (e.g., Butler, 1987), while other
studies suggest that receiving a grade may improve performance compared to not
receiving any feedback (e.g., Butler, 1986; Hahn, 1989; Olina & Sullivan, 2004). Research
investigating the relative benefits of receiving written comments following an
assessment is also inconclusive. Some studies have found that written comments yield
better performance compared to receiving either a grade (e.g., McLaughlin, 1992) or not
receiving any feedback (e.g., Butler, 1987), while others have found the opposite effect
(e.g., Krampen, 1987).

These inconsistent findings highlight two features of previous research on
performance feedback. First, they reflect the multidimensional and complex effects of
performance feedback noted earlier. Therefore, future research should consider the role
of context and disentangle the effect of performance feedback from other confounding

factors. Second, inconsistent findings suggest that more attention should be devoted to



variation in the type of feedback as well as moderators and mediators of the feedback
process that could explain the differential effects of performance feedback. One such

mediator, academic motivation, is described next.

1.1.1 Importance of Performance Feedback for Academic Motivation

Academic motivation is an important predictor of academic performance (e.g.,
Shute, 2008) and may be a particularly important mediator of the relation between
performance feedback and achievement for two main reasons. First, performance
feedback is among the most powerful predictors of students’ competence beliefs (Eccles
etal., 1993). Second, performance feedback is one of the most salient factors shaping
students’ reasons for pursuing and engaging in academic tasks (Ames, 1992; McMillan,
2013; Pekrun et al., 2014). Taken together, performance feedback has a demonstrated
effect on both main components of academic motivation defined by the questions “Can I
do this?” and “Do I want to do this?” (Eccles & Wigfield, 2002).

As a result, understanding the impact of performance feedback on motivation is
crucial because it will contribute to a conceptual model of how performance feedback
ultimately influences academic achievement. By devoting attention to the effect of
performance feedback on achievement without identifying mediators of it, such as
academic motivation, researchers are limiting themselves to “black box” explanations.
That is, existing conclusions about the effect of performance feedback on subsequent

achievement do so without pinpointing how and why this effect exists. This is



particularly important when the goal is to develop strategies for providing students
with effective performance feedback on classroom, national, and even international
assessments. If attention is not devoted to the processes that explain the relation
between performance feedback and achievement, then effective strategies and policies to
improve student learning will be much more difficult, if not impossible, to develop.
Beyond its role in explaining the effect of performance feedback on subsequent
achievement, academic motivation is an important outcome in its own right. For
example, a prominent goal of current education policy in both North America and
beyond is to inspire students to become lifelong learners (Harlen & Deacon-Crick, 2003).
Given the unprecedented competition in pursuing higher education and employment,
intrinsic motivation, or the desire to learn for its own sake (Lepper, Henderlong Corpus,
& lyengar, 2005), is argued to be more important for success in these pursuits than ever
before (Pulfrey et al., 2013). Producing students who have a lifelong love of learning is
considerably more challenging within an assessment culture that undermines rather
than enhances students” intrinsic motivation. However, many researchers argue that
current performance feedback and assessment policies foster maladaptive academic
motivation profiles in students (e.g., Kohn, 1999). Examining the impact of performance
feedback on academic motivation, and how this impact varies as a function of its type,
assessment circumstances, and the academic context is therefore imperative if we are to

develop assessment policies that encourage lifelong learning.



1.2 Previous Research

The important yet poorly understood impact of performance feedback on
academic motivation has produced a diverse and growing body of research. Although
this question has been explored empirically for almost 40 years (e.g., Harter, 1978),
researchers have devoted more attention in recent decades to why grades, comments, or
the absence of performance feedback influence students” motivation to learn and

succeed following an assessment. This literature is summarized next.

1.2.1 Impact of Comments

Previous primary studies have often found that students who receive evaluative
comments on their performance reap greater and more adaptive motivational benefits
compared those who receive either a grade or no feedback. For example, Elawar and
Corno (1985) randomly assigned sixth grade students to receive on their math
homework either (a) a brief, written comment that highlighted at least one positive
aspect of their work as well as suggestions for improvement or (b) a standard grade.
After ten weeks, students’ academic motivation was measured and those who had
received written comments reported significantly more enjoyment and greater value for
engaging in mathematics tasks (Eccles, 1987) compared to those who received a grade.

Butler (1987; 1988) and colleagues (Butler & Nisan, 1986) conducted a series of
seminal studies that also investigated the relative effect of comments. In each study,

students in one of the experimental conditions received written feedback that was



“individualized, specific, and non-normative information about [their] task
performance” (Butler & Nisan, 1986, p. 210). Conclusions about the impact of comments
across the three studies were unanimous and consistent with those reported by Elawar
and Corno (1985): compared to students who received a grade, praise, or no
performance feedback, students who received comments reported higher interest, or the
tendency to reengage in content over time (Hidi & Renninger, 2006). In addition, these
students also reported the most adaptive attributions for their performance on the
assessment and greater continuing motivation. Pulfrey, Buchs, and Butera (2011)
recently corroborated these findings. Compared to students who anticipated receiving a
grade, the anticipation of a comment positively predicted autonomous motivation, a
process that includes intrinsic motivation and predicts behavior that is driven by a
student’s personal values and goals (Pulfrey et al., 2011). Furthermore, comments
negatively predicted students’ endorsement of a performance-avoidance goal
orientation, or an often maladaptive orientation to avoid appearing incompetent to
others (Schunk et al., 2008; Senko et al., 2011).

However, not every kind of comment leads to greater or more beneficial
motivation. In a study that compared the impact of different types of comments to a
grade (Krampen, 1987), comments that either focused on individual improvement or
understanding of the subject positively influenced secondary school students’

expectation for success, values, and attributions, or the perceived causes of academic



outcomes, regardless of their achievement level (Schunk et al., 2008; Weiner, 1985).
Comments that instead focused on normative comparisons yielded these same positive
influences only for high-achieving students, but their effects were negative compared to
receiving only a grade for low-achieving students.

Whether comments are equally effective when accompanied by a grade is also
unclear, given that relatively little research has examined this question. Although Butler
(1988) concluded that comments predict greater interest for both high- and low-
achieving students, this positive impact did not generalize to circumstances where
students received both a grade and a comment. Instead, students in this condition
reported no greater interest than those who received only a grade. Several decades later,
Pulfrey et al. (2011) reached the same conclusion.

Taken together, conclusions from previous primary studies tentatively suggest
that delivering comments to students after an assessment yields more adaptive
motivation outcomes compared to both grades alone and no performance feedback.
However, the magnitude and direction of this relationship appears to depend on
student characteristics, the message contained within a comment, and whether a grade

accompanies it.

1.2.2 Impact of Grades

In addition to the relative impact of comments on academic motivation, many

researchers have examined the impact of grades compared to receiving no performance



feedback. Because inconsistencies and unanswered questions characterize this set of
studies, their results clearly reflect the “theoretical controversy” currently surrounding
the benefits of performance feedback (Pulfrey et al., 2013, p. 39).

In among the first studies to examine this question (Harter, 1978), one group of
students received a grade on an academic task while a second group received no
feedback. Compared to their nongraded counterparts, students who received a grade
displayed significantly less intrinsic motivation to pursue a subsequent learning activity
for its own sake (Lepper et al., 2005). Another classic study (Hughes, Sullivan, & Mosley,
1985) investigated this relative impact by informing some students that their scores on
an activity would be given to their teachers and informing the other half of the students
that their work would not be graded. Similar to Harter’s (1978) findings, graded
students displayed lower continuing motivation for subsequent challenging tasks
compared to those who were not graded.

Despite this support for the theoretical prediction (e.g., Ryan & Deci, 2001) and
common belief that the presence of grades undermines students” academic motivation,
other studies suggest that the relative impact of grades compared to no feedback is more
nuanced than main effects would imply. For example, at least one study suggests that
the motivational impact of receiving no performance feedback depends on the student’s
baseline achievement level (Butler, 1987). While high-achieving students who did not

receive feedback made more ego-involved attributions, or attributions for performance
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focused on ability following an assessment, their low-achieving counterparts instead
made more adaptive task-involved attributions, or attributions focused on mastery of
the material (Butler, 1987).

Furthermore, findings from a recent study (Pekrun et al., 2014) suggest that the
motivational impact of grades compared to no feedback depends on the specific
motivation construct. In this study, some secondary school students were informed that
that they would receive a normative percentile grade, while others were informed that
no feedback would be available on the assessment. While there were no differences
between these two conditions in their endorsement of a mastery goal orientation, or a
focus on learning and self-improvement, students who anticipated receiving a grade
reported a significantly greater endorsement of both performance-avoidance and
performance-approach goal orientations, or a focus on outperforming others (Senko et
al., 2011).

Finally, the impact of grades relative to no feedback may depend on contextual
factors of the “no feedback” condition. In another recent study (Butler, 2006), students
in the “no feedback” condition were told that they would not be evaluated on the
assessment rather than being told that they would be evaluated but simply not know its
results. Consistent with findings reported by Pekrun et al. (2014), no significant
differences emerged in students’ reports of mastery goal endorsement. However,

students anticipating a grade also did not differ in their subsequent levels of
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performance goals, intrinsic motivation, or beliefs about intelligence. Perhaps there
were no observed motivational differences between students anticipating a grade and
students anticipating no performance feedback in this study because of the non-
evaluative nature of its “no feedback” condition.

Taken together, previous studies reveal an inconsistent impact of grades on
motivation compared to no performance feedback with this impact varying considerably
between studies. Similar to previous research on the relative impact of comments, the
motivational consequences of grades appear to depend on the specific manipulation,
student characteristics, and the academic motivation construct being investigated in the

study.

1.2.3 Integrating Previous Research

Two recent meta-analyses (Koenka et al., in preparation) were conducted to
reconcile some of these inconsistencies and to better understand the complexities of this
empirical literature. Consistent with expectations, the overall impact of comments
compared to grades was positive and significant, with students receiving comments
demonstrating nearly half of a standard deviation higher motivation compared to their
graded counterparts. Furthermore, the significant albeit small (d = -.06) overall effect of
grades compared to no performance feedback reflected idiosyncrasies within this small

set of studies that the current study attempts to clarify and overcome.
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Exploring moderators of these overall effects was particularly helpful to resolve
inconsistencies across results in the primary studies. Notably, the meta-analyses
revealed that the overall effect of performance feedback varied as a function of both the
broad motivation focus and specific construct. For example, comments positively
influenced students” motivation to engage in an academic task for its own sake
compared to grades, but the opposite effect was found for motivation to do so as a
means to an end. The impact of comments was also positive and large in magnitude for
many motivation constructs (e.g., continuing motivation, interest, value, and internal
locus of control), but was negative for others. These moderator analyses produced a
strikingly different pattern when grades were compared to no feedback. While the
former positively influenced subsequent motivation to engage in academic tasks as a
means to an end, it also predicted lower levels of motivation to do so for its own sake.
In particular, grades compared to no performance feedback positively influenced
students” performance goal orientations but negatively influenced their autonomy,
intrinsic motivation, and continuing motivation. Results of these moderator analyses
reflect the multidimensionality of academic motivation and the differential impact of
performance feedback on it. As a result, future primary studies should continue to
explore multiple motivation outcomes separately.

In addition to resolving inconsistencies among previous findings, the meta-

analyses also identified critical gaps and methodological limitations within this growing
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literature. Three of these gaps and limitations, along with the importance of addressing

them, are discussed next.

1.3 Unanswered Questions

First, Koenka et al. (in prep) revealed that no primary studies exploring the
impact of performance feedback have considered how classroom contextual factors
moderate it, despite recommendations from researchers to do so for decades (e.g.,
Butler, 2006). An assessment event does not occur in a vacuum, but rather exists within
a broader classroom culture that is largely structured by the teacher. Motivation
researchers have coined this broader context a classroom goal structure (e.g., Ames,
1992; Meece, Anderman, & Anderman, 2006) and developed a framework that identifies
six dimensions along which the classroom goal structure can vary, called "'TARGET".
Specifically, a classroom goal structure can vary according to its (1) task dimension,
which focuses on the challenge, variation, and appeal of learning activities; (2) authority
dimension, which focuses on students” opportunities to assume responsibility for their
own learning; (3) recognition dimension, which focuses on the extent to which rewards
and other forms of recognition emphasize individual effort versus competition with
other classmates; (4) grouping dimension, which focuses on the extent that the class is
partitioned into heterogeneous ability groups that promote collaboration; (5) evaluation
dimension, which focuses on the extent that assessments are diverse, emphasize

mastery, and performance on them is not disclosed to the class; and (5) timing
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dimension, which focuses on the extent that students are able to make autonomous
decisions about their schedules and academic tasks (Meece et al., 2006). Given the
demonstrated effects of classroom goal structure on academic motivation (Meece et al.,
2006) and especially the argument that its evaluation dimension is particularly central to
these powerful effects (Ames, 1992), it is likely that the impact of performance feedback
on academic motivation depends on students’ perceptions of the classroom goal
structure. As a result, failing to consider this potential moderator in previous studies
may have lead to important motivational differences among forms of performance
feedback being masked at best or misleading at worst.

Second, this research synthesis also identified a serious design caveat in many
previous studies. In particular, many studies (1) have students complete an assessment,
(2) deliver different forms of performance feedback, and then (3) measure students'
academic motivation (e.g., Butler & Nisan, 1996; Butler, 1987; Butler, 1988; Hughes et al.,
1985; Krampen, 1987). However, this design confounds the effect of a given form of
performance feedback with the valence attached to it (Butler, 2006). That is, the degree
to which performance feedback is perceived as positive or negative affects students'
subsequent motivation, regardless of whether that feedback is communicated through a
grade, comment, or combination of the two (Trautwein, Ludtke, Marsh, Koller, &
Baumert, 2006). Recent studies have begun to address this methodological limitation by

measuring academic motivation following the anticipation of performance feedback but
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before it is actually delivered (e.g., Butler, 2006; Pekrun et al., 2014; Pulfrey et al., 2013).
However, all existing studies focus on grades and no feedback and virtually none have
included comments in these comparisons. Furthermore, no previous research has
measured variations in the effect of performance feedback when students first anticipate
and then actually receive it. This methodological improvement should yield several
important contributions. For example, measuring academic motivation following the
anticipation and receipt of performance feedback should further disentangle the
influence of variations in performance feedback from the valence associated with it.
This novel paradigm would also be one of the first attempts to measure the motivational
effects of performance feedback at several time points throughout an assessment event.
With important fluctuations in students” academic motivation during these events
(Brookhart & DeVoge, 1999), it is critical to capture them in order to better understand
the influence of performance feedback, how it varies at different stages in an assessment
event, and ultimately develop the most motivationally adaptive assessment practices.
Third, this research synthesis revealed that no previous studies have measured
the impact of performance feedback on academic self-efficacy, or students” “judgments
of their ability” to successfully complete a given task (Schunk, 1991, p. 207). However, it
is important that researchers investigate how performance feedback influences students’

self-efficacy for two main reasons. First, grades are one of the most direct means of

communicating information to students about their competence (Schunk et al., 2008).
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Second, researchers have argued that grades are one of the most powerful predictors of

this motivation construct (Eccles et al., 1993).

1.4 Goals of the Study

Drawing from these gaps in the empirical literature, the overarching goal of this
dissertation study is to better understand the effect of performance feedback on
secondary school students” academic motivation after a high-stakes assessment. In
particular, this dissertation had three main goals: (1) begin disentangling the influence of
performance feedback from the valence associated with it on several academic
motivation outcomes, (2) explore how the stage of an assessment event and performance
feedback interact to influence students” motivation, and (3) determine how the influence
of performance feedback on academic motivation varies as a function of the evaluative
dimension of classroom goal structure.

These goals were explored among junior high school students in the current
study. Previous research consistently shows a notable decline in academic motivation
when students transition from elementary to middle school (e.g., Eccles et al., 1993;
Lepper et al., 2005). Researchers have also argued that there is “no stronger predictor”
of competence beliefs than grades (Eccles et al., 1993, p. 94). Taken together, the
motivational decline in middle school coupled with the role performance feedback plays

in it suggests that focusing on this population is particularly important.
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With North American student interest and pursuit of careers in science,
technology, engineering, and math (STEM) disciplines waning compared to
international peers (Hossain & Robinson, 2012), gaining a better understanding of how
performance feedback influences academic motivation in these domains is particularly
important. As a result, the motivational consequences of performance feedback were
examined in math and science.

To address the overarching goals of the current study, seventh through ninth
grade students were randomly assigned to one of four performance feedback conditions
in their math or science class: grades, comments, grades accompanied by comments, or
no feedback. Their academic motivation was measured at three different stages: (1)
baseline and again when students (2) anticipated then later (3) received their designated
form of feedback. In addition to academic motivation constructs, students’ beliefs about
assessment fairness and their time spent studying were also measured at each stage.
Finally, students” perceptions of the classroom goal structure were measured at baseline

to explore their possible moderating effect.

1.4.1 Hypotheses

In this section, the main hypotheses for each outcome are presented separately.
Hypotheses regarding the moderating effect of when motivation is measured (i.e.,
anticipation vs. receipt of performance feedback) and perceptions of the classroom goal

structure are discussed in the subsections that follow. A summary of main hypotheses
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for each academic motivation outcome can be found in Table 1, while a summary of
hypothesized moderating effects can be found in Table 2.
#S%&YLH((+,-,. B

One academic motivation construct explored in the current study is self-efficacy,
which reflects students’ “judgments of his or her capabilities” to successfully complete a
given task (Schunk, 1991, p. 207). Drawing from social-cognitive theory (Bandura, 1986)
along with accompanying claims and evidence from the literature (e.g., Eccles et al.,
1993), students” anticipation of performance feedback was expected to have a
particularly strong effect on their self-efficacy. However, no known studies have
examined the impact of grades, comments, or their combination on this motivation
construct. Despite this gap in the literature, the argument that grades are one of the
most direct means of communicating information to students about their competence
(Schunk et al., 2008) suggests that anticipating an absence of this feedback may yield the
smallest change in self-efficacy. This argument and the hypothesis based on it are
corroborated by the empirical literature, with ability-related feedback predicting a
subsequent increase in students’ beliefs about their competence (e.g., Schunk, 1983).
Given that a comment provides more detail than a grade about students” performance

on an assessment, anticipating this form of feedback is expected to predict the highest

level of self-efficacy.
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The current study also investigated the impact of performance feedback on
students’ intrinsic motivation, or the motivation to pursue an academic activity “for its
own sake” (Lepper et al., 2005, p. 184). Guided by the tenets of self-determination
theory (Ryan & Deci, 2000), which proposes that thwarting an individual’s universal
needs for autonomy, relatedness, or competence will undermine intrinsic motivation,
the anticipation of performance feedback was expected to influence this outcome
differently than self-efficacy. In particular, anticipating a grade or a grade accompanied
by a comment was expected to threaten students” autonomy and ultimately lead to a
decline in their intrinsic motivation. The anticipation of a comment, on the other hand,
was not expected to undermine universal needs to the same extent. Anticipating this
form of feedback was therefore hypothesized to predict the highest level of intrinsic
motivation. Several studies have shown that anticipating or receiving no feedback
promoted students’ intrinsic motivation more than other forms of performance feedback
(e.g., Harter, 1978). However, I hypothesized that anticipating no feedback will be
similarly detrimental to subsequent intrinsic motivation as receiving a grade or a grade
accompanied by a comment. When students anticipate no feedback, an external reward
that typically predicts a decline in intrinsic motivation (Ryan & Deci, 2000) will be
absent. Yet students are anticipating no feedback in the context of an assessment that

they believe will count toward their course grade. Therefore, students who anticipate no
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performance feedback following an assessment yet believe they will be evaluated on it
were not expected to report a level of intrinsic motivation that is different from their
graded counterparts. Given the paucity of existing studies exploring the impact of no
feedback in a summative assessment context, the current study presents a novel test of
this hypothesis.
I"#"1"8$96-'$:3+&12-2+6%$

This study also investigated how performance feedback influences students’ goal
orientations, or the pattern of beliefs that predict different approaches to and behaviors
during achievement situations (Ames, 1992; Schunk et al., 2008). The central aim of this
theory is to explain why students adopt particular achievement behaviors along with
how they approach and engage in an academic task (Schunk et al., 2008). At the
broadest level, goals can be classified as mastery- or performance- orientated. While a
student’s endorsement of mastery goals indicates a focus on the process of learning,
engagement in the academic task, and self-improvement, endorsement of performance
goals instead reflects a desire to demonstrate competence in a particular achievement
domain (Anderman et al., 2010; Schunk et al., 2008). In addition to this overarching
classification of goals, many researchers now advocate distinguishing between
performance-approach and performance-avoidance goal orientations (e.g., Senko,
Hulleman, & Harachiewicz, 2011). Students who endorse a performance-approach goal

orientation seek to demonstrate their academic competence or outperform others, while
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students who endorse a performance-avoidance goal orientation seek to avoid
appearing incompetent (Schunk et al., 2008; Senko et al., 2011).

From this theory, predictions can be made about the differential influence of
performance feedback on students” goal orientations. Given both theory and research
supporting the social comparative power of grades (Ames, 1992; Anderman et al., 2010;
Pekrun et al., 2014; Pulfrey et al., 2011), anticipating a grade or a grade accompanied by
a comment was hypothesized to increase students” endorsement of both performance
goal orientations compared to receiving either no feedback or a comment alone.
However, differences between feedback conditions were expected to be less pronounced
for students’ subsequent report of their mastery goal orientation, given that this
orientation hinges less on external performance standards (Senko et al., 2011). This
hypothesis is consistent with previous research on the motivational consequences of
performance feedback (e.g., Butler, 2006; Pekrun et al., 2014).

M#" "#S$;-+31&48

An unexplored question the current study addresses is how performance
feedback influences students’ beliefs about the fairness of an assessment. This outcome
was expected to provide a more nuanced picture of how and why academic motivation
is influenced by performance feedback. Research from the grading perceptions
literature suggests that students often believe the way they are evaluated fails to capture

their understanding of course material (Nesbit & Burton, 2006). As a result, students’
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perceptions of assessment fairness were expected to decline from anticipation to receipt
of feedback across all four experimental conditions. However, this effect was expected

to be especially pronounced for students in the “no feedback” condition.
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Despite a continued focus on the motivational and achievement effects of
performance feedback (Koenka et al., in prep), a related but unexplored question is how
students” behavior in preparation for an assessment may be impacted by the form of
feedback they anticipate and ultimately receive. Inspired by this unanswered question,
the current study also investigated whether the time students devote to studying is
influenced by performance feedback. Students anticipating no feedback were expected
to report studying for the shortest duration relative to the other conditions (i.e., grades,
comments, grades plus comments). Despite the assessment still counting toward their
grade in the no feedback condition, these students should report less study time as a
result of anticipating and later receiving no information from their teachers on
performance or areas of improvement. Due to the presence of an extrinsic reward,
students instead assigned to the grades and grades plus comments conditions were
expected to experience a threat to autonomy (Ryan & Deci, 2000) and increased feelings
of competitiveness (Pulfrey et al., 2011). As a result, these students were expected to

report studying for the longest duration.
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Motivation
Hypothesis
Outcome yp

Anticipating an absence of feedback will be lead to the lowest
levels of self-efficacy.

Self-Efficacy
Anticipating a comment will produce the highest levels of self-
efficacy.

The anticipation of a grade and a grade accompanied by a
comment are expected to predict a decline in intrinsic motivation.

Intrinsic
Motivation Anticipating a comment is hypothesized to produce the highest
levels of intrinsic motivation.
Anticipating no performance feedback will be just as detrimental
as anticipating a grade or a grade combined with a comment.
Performance

Goal Orientations  Anticipating the receipt of a grade alone or combined with
feedback is hypothesized to increase students” endorsement of
both performance goal orientations.

Mastery Goal Differences between feedback conditions is expected to be less
Orientation pronounced for students’ reports of mastery goal orientation.

I"#"1 "H$56A&3-2+1B$*((&,2$6($IF&1ER+7-2+614$58-4@38H

Measuring motivation immediately after students are told what form of
performance feedback they will receive and then immediately after they receive that

feedback is central to disentangling the effect of performance feedback from the valiance
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attached to it. Doing so will also contribute a clearer understanding of how performance
feedback dynamically influences academic motivation during an assessment event. The
hypothesized differences in motivation across feedback conditions are expected to
emerge when students anticipate a particular form of feedback but become smaller
when they actually receive that feedback because the effect of receiving performance
feedback is confounded by its valence, which should wash out some of the effect. A
significant interaction between feedback condition and time of measurement (i.e.,
anticipation vs. receipt of performance feedback) is thus expected for each motivation

outcome.
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How students perceive the evaluation dimension of their classroom goal
structure was expected to moderate the interaction between feedback condition and time
of motivation measurement. The impact of anticipating a grade, a grade accompanied by
a comment, or no feedback was expected to be more pronounced for students who
perceive the evaluation climate to be more performance-oriented because it would
exacerbate the external, comparative nature of academic performance. For students who
perceive their classroom goal structure as more mastery-oriented, the opposite pattern of
findings was expected. That is, the impact of anticipating a comment should be more
pronounced, while the impact of anticipating the other forms of feedback or a lack

thereof was expected to be less pronounced.
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Moderator Hypothesis

The hypothesized differences in academic motivation across
feedback conditions are expected to emerge when students
Motivation anticipate a particular form of feedback.
Measurement Time
These differences are expected to become attenuated when they
actually receive that feedback.

For students who perceive their classroom goal structure as
more performance-oriented, the impact of anticipating a grade, a
grade accompanied by a comment, or no feedback is
hypothesized to be more pronounced.

The motivational impact of anticipating a comment is expected
to be less pronounced for these students.
Classroom
Goal Structure For students who perceive their classroom goal structure as
more mastery-oriented, the impact of anticipating a comment is
hypothesized to be less pronounced.

The motivational impact of anticipating a grade, grade and
comment, or no feedback is expected to be less pronounced for
these students.

Anticipating no performance feedback will be just as
detrimental as anticipating a grade or a grade combined with a
comment.
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2. Method
2.1 Participants

Participants were 161 students at an all-female, private secondary school in
Toronto, Canada. 15 classes (five science and ten math)! took part in the study, with 42
students in seventh grade, 63 students in eighth grade, and 56 students in ninth grade
(Mage = 12.96, SD = .83). Forty-seven percent of the students were Caucasian, 24% were
Asian, 3% were African-Canadian, 3% were Middle Eastern, 2% were Indian, and 6% of
the sample reported multiple categories. The remaining 15% of students did not report
their race or ethnicity, in all cases but one due to absence when this demographic
information was collected at Wave 1. Although parental education and income
information for students attending the participating school was not available, its annual
tuition suggests that a majority of students come from households characterized by a
high socioeconomic status. All participants were randomly assigned by their math or
science class to one of four conditions in which they anticipated and received the
following form of performance feedback: grades, comments, grades plus comments, or
no feedback. A detailed description of each condition is provided in the Procedure

section. Students were not compensated for their participation. However, I will lead at

1 Although 15 classes took part in the study (n = 187), a fidelity error occurred that led to data from two
classes (n = 26) being excluded from analysis. As a result, the remaining sample size and demographic
information reported in this section reflects the 13 classes (5 science and 8 math) that were retained for
analysis.
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least one workshop or presentation on the study findings and related research at the
school for interested students, parents, and teachers.

Several steps were taken to recruit and secure participation of the school for this
study. First, I contacted its principal to gauge initial interest in September of 2013. After
receiving approval from the principal, I next spoke with the school’s Chair of Teaching
and Learning to describe the goals and design of the study before meeting with her to
discuss remaining questions about it. Based on advice of both the principal and Chair, I
provided the Director of Curriculum and Faculty Development with a summary of the
proposed research (see Appendix A) in November of 2013. The Director then
distributed this summary to the school’s Teaching and Learning Committee, which
agreed to pursue participating in the study. The school’s participation was confirmed
when I met with the Chair and Director in December of 2013.

Several steps were also taken to recruit seventh, eighth, and ninth grade math
and science teachers to involve their classes in the study. First, the Director forwarded a
recruitment announcement to the math and science department chairs in July of 2014.
The two department chairs and the Director then made eligible teachers aware of the
opportunity later in the summer. Next, I met with all interested teachers in person
during their pre-year professional development meetings in August of 2014. Seven
eligible teachers attended, six of whom formally committed to involving between one

and four of their classes in the study several weeks later.
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2.2 Materials
2.2.1 Demographic Information

Students were asked to report their year in school, age, and race/ethnicity in a
demographics questionnaire administered during the first wave of data collection (see
Appendix B).

2.2.2 Prior Achievement

Participating students were asked two questions about their prior achievement.
First, students were asked to report their average grade in the current math or science
course. Second, students were asked to report their average grade for their math or
science course from the previous academic year (2013 - 2014) given that data collection
occurred in the early months of the 2014 - 2015 academic year (see Appendix C).
Because the majority of students were unaware of their current course grade and had
difficulty remembering their previous course grade, the decision was made not to
include this data in the analyses. I address implications of this decision and

opportunities for future research related to it in the Discussion.

2.2.3 Perceptions of Classroom Goal Structure

At baseline (Wave 1), self-report items were administered to measure students’
general perception of the classroom goal structure and more specific perceptions of its
evaluation dimension from the TARGET system. Students” general perception of their

classroom goal structure was measured with subscales from the Patterns of Adaptive
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Learning Scales (PALS) questionnaire (Midgley et al., 2000; a = .70; see Appendix D).
Students responded to all items on a five-point Likert scale with “not at all true” and
“very true” as anchors for each item. Students’ more specific perceptions of the
evaluation dimension were measured by the Survey of Classroom Goal Structures
(Greene, Miller, Crowson, Duke, & Akey, 2004; a = .80; see Appendix E). Students
responded to 10 items on a four-point Likert scale with “strongly agree” and “strongly
disagree” as the anchors. Sample items include, “In this class, assignments and tests are
returned in a way that keeps individual student marks private” and “In this class, the

teacher pays attention to whether I am improving”.

2.2.4 Self-Efficacy

Students’ academic self-efficacy was measured by the PALS Scale of Academic
Efficacy (Midgley et al., 2000; ot = .78) three times during the study. Like other PALS
subscales, students respond on a five-point Likert scale with “not at all true” and “very
true” as the anchors. For the first survey administration (Wave 1), all items in this
subscale were adapted from their original form to be class specific. Rather than
responding to the original item, “I'm certain that I can figure out how to do the most
difficult class work”, for example, students responded to the adapted item, “I'm certain
that I can figure out how to do the most difficult L63M +1$2F+4$>-2F$N63%$4,+&1,&08$,'-44
(emphasis added). For the second survey administration (Wave 2), which occurred

immediately after the performance feedback manipulation and thus when students were
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anticipating a certain form of feedback (or lack thereof), the aim was to measure self-
efficacy specific to the forthcoming (i.e., target) assessment rather than self-efficacy
about the class in general. Therefore, scale items were adapted to better align with this
goal (see Pulfrey et al., 2013). Rather than including the original item above, for
example, students instead responded to an adapted item, “I'm certain that I can figure
out how to do the most difficult P@&42+684$2F+4$2-AMFor the third survey
administration (Wave 3), which occurred immediately after students received their
assigned form of performance feedback, all items in the subscale were again adapted to
measure students” self-efficacy on their next assessment of the same kind. Rather than
responding to the original item above, for example, students instead responded to, “I'm
certain that I will be able to figure out how to do the most difficult P@&42+614$61$2F&$1&Q2$

2-AM$'+M&$2F+4%6ke Appendix F).

2.2.5 Goal Orientation

Students’ mastery-approach, performance-approach, and performance-
avoidance goal orientations were also measured by the PALS (Midgley et al., 2000) three
times during the study. Like other PALS subscales, students respond to all items on a
five-point Likert scale with “not at all true” and “very true” as the anchors. Sample
items include, “One of my goals in class is to learn as much as I can” for mastery-

approach (a = .85), “One of my goals is to show others that I'm good at class work” for
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performance-approach (a =.89), and “It's important to me that my teacher doesn’t think
I know less than others in class” for performance-avoidance goal orientation (a = .74).
The aim of the first survey administration was to capture students’ stable level of
academic motivation in their current math or science course, and thus items from the
PALS subscales described above were adapted to be class specific. For example, rather
than responding to the PALS mastery-approach item, “One of my goals in class is to
learn as much as I can”, students instead responded to the adapted item, “One of my
goals in 2F+4$>-2F$N63%$4,+&1,&0%'td4earn as much as I can”. An adapted version of
items was also used for the second survey administration in order to measure students’
goal orientation toward the target assessment task (see Pekrun et al., 2014; Pulfrey et al.,
2013). Rather than the original PALS mastery-approach item above, for example,
students instead responded to the adapted item, “One of my goals in ?3&7?-3+1B$(63$2F+4$
-44844>8&13s to learn as much as I can”. For the third survey administration, students
again responded to an adapted version of scale items to permit measurement of their
goal orientation for the assessment following the one for which feedback was
manipulated. Therefore, students responded to the adapted item, “One of my goals in

?3&7?-3+1B$(63$2F&$1&Q2$-44& 44 b2 to learn as much as I can” (see Appendix G).

2.2.6 Intrinsic Motivation

Students’ intrinsic motivation was measured with two different self-report scales

during the current study. For the first survey administration, students” intrinsic
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motivation was measured by the Intrinsic Motivation Scale (Lepper et al., 2005; & = .90).
Students responded to nine items on a five-point Likert scale with “not at all true of me”
and “very true of me” as the anchors. Sample items include, “I like difficult schoolwork
because I find it more interesting” and “I work really hard because I like to learn new
things”. Like the other motivation scales administered at baseline, these items were
adapted to be class specific. For example, students responded to the adapted item, “I
like difficult L63M$+1$2F+4$>-2FSN63$4,+&B&B&ause I find it more interesting”
rather than the first sample item in its original form. For the second survey
administration, students responded to Butler’s (2006) three items measuring intrinsic
motivation on a seven-point scale with “not at all” and “to a great extent” as the anchors
(a=.75). Sample items include, “How much did you enjoy working on the problems?”
and “Would you like to receive extra problems to work on in your free time?” These
items were also adapted because Butler’s (2006) scale is framed in past rather than future
tense. For example, students responded to the adapted item, “How much A6$.6@%$2F+1M$
.6@$L+"$njoy working on the problems 61$2F+4$-44&44>&12ather than the first
sample item above. For the third survey administration, students again responded to an
adapted form of Butler’s (2006) scale. However, items were adapted to measure
students’ intrinsic motivation on their next assessment of the same kind (see Appendix

H).
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2.2.7 Fairness

Two items were administered to measure students’ perceptions of assessment
fairness (Appendix I). For example, students responded to the following item on a five-
point Likert scale during the first survey administration: “The way that I am evaluated
on math [or science] assessments is fair.” Both items were adapted to capture students’
fairness perceptions of the specific target assessment when they anticipated a particular
form of performance feedback (Wave 2) and after they received it (Wave 3). Therefore,
students responded to the adapted items, “The way I L+"$C&evaluated on this math [or
science] assessment is fair” at Wave 2 and “The way I L-4 evaluated on this math [or

science] assessment was fair” at Wave 3.

2.2.8 Time Spent Studying

One item measured students’ self-reported time spent studying for math or
science assessments on a five-point Likert scale (Appendix J). The initial survey
administration included a measure of their general time spent studying (i.e., “How
much time do you typically spend studying for math [or science] assessments?”).

Similar to the other outcome measures, this item was adapted for the second and third
survey administrations to capture students” expected time spent studying for the target
assessment (i.e.,, “How much time L+"$.6@$4?&1Atudying for 2F+4$@7?,6>+1Bath [or
science] assessment?”) and for the next one like it (i.e., “How much time L+"$.6 @$4?&1A

studying for 2F&$1&@2ath [or science] assessment?”).
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2.2.9 Target Assessment

Teachers at the participating school designed the math and science assessments
used in the current study. As a result, there was some natural variation in their content
and structure. However, an attempt was made to select target assessments that were as
similar as possible across classes and subjects. For example, classes from the same grade
level and academic subject took identical tests with only one exception (i.e., an eighth
grade accelerated math class that, due to their accelerated status, could not have been
given the same test as their non-accelerated counterparts). Furthermore, all assessments
were summative in nature, counted toward a significant percentage of students’ grade in
the course, and were thus relatively high in stakes.

Despite attempts to minimize natural variation in the content and structure of
target assessments, there were coincidental yet systematic differences between
participating math and science classes in the assessment stakes. The math assessments
were presented to students as “unit tests” and covered a full unit of course material,
whereas the majority of science assessments were presented as “mini tests” and covered
less material. As a result, students participating in a science class were likely to have

perceived relatively lower (yet still meaningful) stakes for their target assessment.

2.2.10 Calibration

One calibration item was administered immediately after the target math or

science assessment that measured how well students believed they performed on it
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along a five-point Likert scale with “extremely poorly” and “extremely well” as the
anchors.? This calibration question is critical yet largely absent from previous studies on
the effects of performance feedback. In particular, this question permitted the statistical
control of students” perceived performance and its discrepancy with their teachers’
feedback about it, which could influence the subjective valence of receiving that

feedback and students” motivation after doing so (see Appendix K).

2.3 Experimental Design

The current study implemented a cluster-randomized experimental design
(Cornfield, 1978; Raudenbush, 1997). Students were randomly assigned by class to a
given feedback condition for three reasons. First, random assignment at the student
level was expected to place an undue burden on teachers, especially those who involved
multiple classes. Second, doing so was also expected to threaten the integrity of the
manipulation and students” masking to their random assignment. For example,
students within the same class who were randomly assigned to different experimental
conditions would likely compare their experiences and divulge condition-related
information, which in turn could contaminate survey responses (Donner & Klar, 2000).
Third, the experience of students assigned to experimental conditions possibly perceived

as less optimal may be compromised due to cross-condition discussion.

2 Although asking students to estimate a precise percentage from 0 to 100 would provide a more accurate
estimate of their perceived performance, doing so would likely prime them to consider grades regardless of
their experimental condition.
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2.3.1 Random Assignment

Random assignment of classes to conditions occurred prior to the teacher
training session (described in detail below), at which time teachers were informed of the
condition(s) to which their class(es) were assigned. Block random assignment was
employed, where teachers of math or science classes had an equal chance of assignment
to one of the four conditions: (1) grades, (2) comments, (3) grades plus comments, and
(4) no feedback. In addition to the hallmark benefit of random assignment allowing for
causal inferences by eliminating confounding variables (Shadish, Cook, & Campbell,
2001), block random assignment ensured as close to an equal distribution as possible of
the different conditions across participating math and science classes (Shadish et al.,

2002).

2.4 Procedure
2.4.1 Informed Consent and Assent

Both consent from a parent or guardian and assent from the student were
required for participation in the current study. A two-pronged approach was adopted
to seek parental consent. First, I visited each class to make an announcement about the
research opportunity. In doing so, I explained that the study’s aim was to develop a
better understanding of how different methods of assessment influence students’
academic beliefs and behaviors. I also discussed several ways in which students might

benefit from participating and answered any questions that arose. Copies of the consent
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forms (see Appendix L) were then distributed to students, who were asked to discuss
the opportunity with a parent or guardian if interested in participating. Second,
teachers followed-up with a standardized email to parents (see Appendix M) that
announced the study and opportunity for students to participate. The email also
included an electronic attachment of the consent form.

Each participant read and signed an assent form (see Appendix N) prior to
taking part in the study. In particular, assent was sought immediately before the first
survey administration from students who had returned a signed consent form. If
interested students had not yet returned their signed consent form on this day, their

assent was instead sought immediately before the next survey administration.

['#"1"1$K614&12$-1A$G44&12$R R4

Consent and assent rates varied across classes, but were generally high. The
average participation rate was 65% collapsing across classes (ranging from 40-95%), but
the average consent/assent rate was 85% before overlap between math and science
classes was taken into account. That is, many students had an opportunity to participate
in either their math and science class. Therefore, the discrepancy between average
participation and consent/assent rates is explained by students agreeing to participate in
the study, but doing so in only one class. Students were only allowed to participate in

one class to avoid redundant participant data, double exposure to the feedback
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manipulation, and disclosure about it since target assessments were staggered across the

semester.

2.4.2 Teacher Training

All teachers who agreed to involve one or more of their classes in the study took
part in at least one training session, which had four main objectives: (1) re-orient
teachers to the study purpose and design, (2) inform them of the feedback condition(s)
to which their class(es) had been assigned, (3) provide a script and instructions for
informing students about the feedback they should anticipate and (4) review detailed
instructions for how to deliver their assigned performance feedback (see Appendix O).
This training session always occurred after teachers had met with their class for the last
time prior to the manipulation delivery for two reasons. First, doing so minimized the
possibility that teachers” knowledge about the feedback condition would subconsciously
bias their behavior before being informed of the performance feedback to anticipate.
Second, doing so also allowed me to avoid knowing a given feedback assignment until
immediately before the teacher training. As a result, I was not aware of the condition to
which classes were assigned during the first survey administration, thereby eliminating
the possibility of subconsciously biasing my behavior prior to the manipulation. The

latter reason may be particularly important since I was aware of study hypotheses.
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2.43 First Survey Administration

In the first survey administration (Wave 1), which occurred prior to the
performance feedback manipulation, participating students completed a brief
questionnaire about their demographic profile and prior achievement. To gauge
students’ baseline and stable class-specific academic motivation, they also completed the
Wave 1 version of its five measures used in the current study. Finally, participating
students were asked about their perceptions of the classroom goal structure, perceptions
of assessment fairness, and general time spent studying. Students completed this initial

survey in approximately 20 minutes.

2.4.4 Performance Feedback Manipulation

Shortly after the first survey administration and several days prior to the target
assessment, the feedback manipulation was implemented. When discussing any
relevant details and expectations about the target assessment, participating teachers
used a rehearsed script (contained within Appendix O) that explained how students
would receive their assigned form of performance feedback. All students, regardless of
their experimental condition, were instructed that this assessment contributed to their
course grade in order to hold the summative nature of the assessment constant across
conditions.

For participating students randomly assigned to the grades condition, teachers

explained that students should expect to receive a numeric level ranging from R (i.e., a
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failing grade) to 4 + (i.e., comparable to an A +)* as feedback on the target assessment.
Students in the grades condition anticipated and later received this type of quantitative
feedback because it was the quantitative feedback students at the school regularly
received. Students assigned to the comments condition were instead told that they
should expect to receive brief written evaluative comments as their performance
feedback. Students assigned to the grades plus comments condition were told that they
should expect a level ranging from R through 4+ and a brief written evaluative comment
as performance feedback. Finally, students assigned to the no feedback condition were

told that they would receive no performance feedback.

2.4.5 Second Survey Administration

Immediately after teachers informed students of the performance feedback they
would receive on the target assessment, students in all conditions completed the series
of academic motivation and related scales described in the Materials subsection
(adapted for Wave 2). The aim of doing so was to investigate how students’ self-efficacy,
goal orientation, intrinsic motivation, perceptions of fairness, and time spent studying
were influenced by the anticipation of a certain form of performance feedback apart
from the valence associated with it (e.g., see Butler, 2006; Pekrun et al., 2014; Pulfrey et

al., 2013). Students completed the second survey in approximately 10 to 15 minutes.

3 The possible levels for this grading system are R, 1, 2, 3, or 4. Similar to a conventional letter grade, the
levels ranging from 1 through 4 could be accompanied by a “+” or “ —".
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2.4.6 Target Assessment

Several days after students’” completed the second survey, teachers administered
the assessment for which the form of performance feedback was manipulated to all
students in the math or science class. Immediately after students” completion of the

assessment, I administered the calibration measure.

2.4.7 Feedback Delivery

Teachers in classrooms assigned to the grades, comments, and grades plus
comments conditions delivered the assigned performance feedback to their students
within one week of administering the target assessment. Students assigned to the
grades condition received an overall level as well as specific levels on four aspects of
their performance (knowledge, understanding, problem solving, and communication).
Teachers were asked to grade students” performance based on it alone, rather than other
factors that can contribute to course grades (e.g., students’ effort, improvement;
Brookhart, 1993). Students assigned to the comments condition received a one or two
sentence general evaluative comment that was standardized in form but with content
specific to the student’s overall performance on the assessment. That is, comments were
standardized in the sense that they were all approximately the same length while
focusing on certain types of content yet excluding others. Specifically, teachers were
instructed to provide evaluative comments that were (1) task-specific, (2) non-

comparative, and (3) not reflective of students” improvement. However, the task-
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specific message contained within the comment varied based on students’ performance
on the target assessment. Students also received comments of a similar nature on their
answers to specific assessment questions. Students assigned to the grades plus
comments condition received both levels and comments as described above. Finally,
students assigned to the no feedback condition received no indication from their teacher
about their performance on the assessment. Students in all three of the conditions
involving feedback received their assigned form of feedback at the top of the first page

of the assessment.

2.4.8 Third Survey Administration

Several minutes after students received their assigned form of performance
feedback, they were asked to complete the series of motivation scales described in the
Materials section (adapted for Wave 3). Students assigned to the no feedback condition
received their assessment with no information written on it yet took the third survey the
same amount of time from receiving the target assessment as students who instead

received feedback on it.

2.4.9 Debriefing

Immediately following administration of the third survey, students were
thanked for their participation in the study. Those in the grades, comments, and no
feedback conditions were then given another copy of their completed assessment, this

time containing their regular feedback. Given that the first class concluded their
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participation in the study earlier than the others and were randomly assigned to the
grades plus comments condition (one that barely differed from the feedback they
typically received), the IRB granted permission to withhold a thorough debriefing
session until later in the semester. All remaining classes were fully debriefed
immediately after the third survey administration, but a debriefing form (see Appendix
P) was not distributed until all classes had concluded their participation in the study.
This multistage debriefing process was implemented to sufficiently and immediately
assuage any student concerns while minimizing the possibility that they would share

details about the study with peers who were still participating in other classes.

2.5 Data Cleaning

Data integrity was ensured through two complementary steps. First, I carefully
entered all survey data into a Microsoft Excel spreadsheet. Two undergraduate research
assistant trained in data entry then re-entered all data from five of the classes. Beyond
this systematic reliability check, any student responses about which I doubted my own
judgment were also verified by a trained research assistant. As expected, the error rate
was very low, with discrepancies emerging in approximately 3% of all data entered
twice. 1.75% of discrepancies resulted from transcription errors, while 1.25% resulted
from participant responses that were challenging to decipher.

Seven participating students were removed from the dataset prior to analysis. In

the majority of cases, students were excluded from analysis if they failed to receive the
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experimental manipulation. That is, they were either present only at Wave 1 (n =3) or
the final data collection period when it was too late in the procedure to deliver the
feedback manipulation (n =3). The remaining student was excluded from data analysis

because she elected to discontinue participation.

2.6 Data Analytic Approach
2.6.1 Missing Data Approach

The proportion of missing data was approximately 35%, which was largely due
to student absences on one or several of the days during which data collection occurred.
A multiple imputation (MI) procedure was implemented to address the missing data,
which occurred in three sequential steps. First, 10 datasets were created with scores
imputed for the missing ones. Second, data analysis was conducted separately on each
dataset. Third, the parameter estimates and standard errors from each analysis were
combined to produce the final, pooled inferential statistics. This procedure should have
produced a random sample of the missing scores and, as a result, unbiased parameter
estimates (Rubin, 1987; Schaefer, 1999; Snijders & Bosker, 2012).

MI was adopted for four reasons. First, researchers have raised serious concerns
in recent years about more traditional strategies for handling missing data (e.g., listwise
deletion, pairwise deletion, mean substitution). In particular, these strategies have been
shown to produce biased parameter estimates, and in the case of listwise deletion, a

considerable loss of power (Graham, 2009; Schaefer, 1999). MI retains statistical power
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by enabling analyses to be conducted on the complete sample and yields unbiased
parameter estimates through its restoration of error variance that is lost in a single
imputation (Graham, 2009; Rubin, 1987).

Second, MI was selected over other modern, equally effective strategies (e.g., Full
Information Maximum Likelihood, i.e., FIML) due to the pattern of missing data in the
current study. In particular, the pattern of missingness was arbitrary (i.e.,
nonmonotone) or generally not caused by attrition across waves of data collection. As a
result, MI is recommended over FIML (Snijders & Bosker, 2012).

Third, characteristics of the data in this study met all necessary assumptions.
First, the MI procedure assumes that data is missing at random (MAR) and thus not
systematically related to unmeasured variables or missing scores (Graham, 2009;
Snijders & Bosker, 2012). The main apparent reasons for missing data were: 1)
extracurricular athletic or music commitments causing absence from class on a day
when data was collected, 2) failure to return consent forms in time for the first survey
administration, and, to a lesser extent, 3) illness causing absence from class. Therefore,
students who were absent for one or more days of data collection are unlikely to be
systematically different from their participating peers. Although it is possible that some
students absent for a wave of data collection were less engaged in their math and science
course (perhaps especially those who did not return their consent form before the first

survey administration), proxy variables capturing this possibility were measured. For
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these reasons, it can be reasonably assumed that the pattern of missingness in the
current study is MAR rather than missing not at random (MNAR). Second, the specific
MI method used in the current study (the Markov Chain Monte Carlo method, described
below) assumes that data are continuous and normally distributed (Rubin, 1987).
Although the dataset contains some categorical variables (e.g., feedback condition), none
of them contained missing scores. The skew and kurtosis values of each continuous
variable also suggest that the normality assumption was upheld (see Table 3).

Finally, MI has been shown to be effective with small sample sizes. For example,
Graham and Schafer (1999) demonstrated its successful implementation with a sample
size of 50. Given that the sample size of the current study more than triples this

minimum, MI was judged to be an appropriate strategy for addressing missing data.

47



=-C'&$8D$S63>-'+2.$01A+,-2634$(63$K612+1 @6 @ 4$DEMN&C' &4

Variable Wave Skewness Kurtosis

Self-Efficacy 1 -1.23 1.31
2 -.62 -.29

3 -.67 .29

Performance-Approach 1 .66 -.38
Goal Orientation 2 1.04 27

3 77 -.10

Performance-Avoidance 1 52 -.59
Goal Orientation 2 .65 -.58

3 .35 -.95

Mastery Goal Orientation 1 -1.52 1.97
2 -.95 45

3 -.84 -.31

Intrinsic Motivation (Curiosity) 1 -.53 .29
Intrinsic Motivation (Challenge) 1 -.20 -73
Intrinsic Motivation (Independence) 1 -.06 -.36
Intrinsic Motivation 2 A1 -.52
3 15 =27

Fairness 1 -1.04 1.41
2 -.88 54

3 -.29 -.57

Time Spent Studying 1 -.38 -.56
2 -46 -23

3 -.29 -.19

Evaluation Dimension of CGS 1 -.30 -.40
Calibration -1.03 2.46

Note. CGS = classroom goal structure.

["H'"$0>7'&>812+1BS @'2+7'&$0>?@2-2+6iB!

The PROC MI procedure in SAS 9.4 was used to generate 10 datasets with

missing scores imputed. Despite classic articles arguing that three to five imputations
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are sufficient (e.g., Rubin, 1987), researchers currently recommend a much larger
number (e.g., Graham, 2009; Graham, Olchowski, & Gilreath, 2009). Although upwards
of 40 imputations are needed to prevent a “power falloff” for large proportions of
missing data (50% or more, Graham, 2009, p. 561), fewer imputations were chosen for
the current study given the relatively small proportion of missing data. The SAS
procedure offers three separate imputation methods: parametric regression, propensity
scores, and the Markov Chain Monte Carlo (MCMC) approach. I adopted the MCMC
method to implement the imputations because it has been shown to be appropriate for
arbitrary rather than monotone missing data patterns (Schafer, 1999). Consistent with
Graham’s (2009) recommendations, all variables in the statistical models for hypothesis
testing were included in the imputation model to minimize the likelihood of biased
parameter estimations. Dummy vectors for 12 (g-1) participating classes in the current
study were also included in the model to accommodate the nested data structure
(Graham, 2009). Finally, the PROC MIANALYZE procedure in SAS 9.4 was used to
generate the final, pooled set of parameter estimates and standard errors after analyses
were conducted separately on each imputed dataset. The way analyses were conducted

is described next.

2.6.2 Multilevel Modeling Approach

Data from the current study were analyzed using a multilevel modeling

approach with a three-level nesting structure of time points (Level 1) within students

49



(Level 2) within classrooms (Level 3). Students were purely nested within classrooms
such that none participated in multiple courses (i.e., math and science). This approach to
data analysis was chosen for statistical and substantive reasons. Students within the
same math or science class share the same teacher and learning environment, both of
which have been shown to influence academic motivation (Ames, 1992; Meece et al.,
2006). As a result, students within the same class should have responses and variation in
their responses unexplained by the predictors that is more similar to each other than to
students in other classes. This “nonindependence of error variance” violates an
important assumption of traditional statistical approaches but can be accommodated in
multilevel modeling (Cohen, Cohen, Aiken, & West, 2002; Snijders & Bosker, 2012).
There are also substantive benefits to adopting a multilevel modeling approach
to data analysis in addition to its statistical benefits. A central aim of the current study is
to examine how the impact of performance feedback on academic motivation varies
based on students’ perceptions of the classroom goal structure. Multilevel modeling
will permit the novel test of this potential moderator at appropriate levels of analysis
(i.e., the classroom level for the feedback manipulation and the student level for their
perceptions of classroom goal structure). Doing so represents a departure from the

traditional analytic paradigm in this literature (see Pulfrey et al., 2011 for one exception).
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One within-student (i.e., Level 1) predictor, Time, was included in the statistical
models. This variable had two levels, with Time = 0 representing the point at which
students anticipated their randomly assigned form of feedback and Time =1
representing the point at which they received it.

The evaluation dimension of classroom goal structure and all covariates were
entered as student-level (i.e., Level 2) variables. Two covariates were included for each
outcome: calibration and the outcome construct measured during initial survey
administration (e.g., self-efficacy at baseline when self-efficacy was the outcome).
Including these covariates controlled for their influence when determining whether the
change in motivation from anticipated to receipt of performance feedback varied as a
function of its form (i.e., the Time x Condition interaction) and whether there were mean
differences at anticipation or receipt across experimental conditions. The evaluation
dimension predictor and all covariates were measured on four- or five-point Likert
scales. They were thus grand-mean centered prior to inclusion in analyses for statistical
and substantive reasons. Doing so permitted a more meaningful interpretation of the
intercept value (i.e., at the sample mean) and reduced collinearity among continuously-
measured variables (Cohen, Cohen, West, & Aiken, 2003). The decision was made to

grand-mean rather than group-mean center because it was not an aim of the study to
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parse apart within- and between-group differences (Gottfredson, personal
correspondence, September 7, 2012; Snijders & Bosker, 2012).

One between-group (i.e., Level 3) predictor, Condition, was also included in the
statistical models. This variable had four levels, each of which corresponded to a
feedback condition. The “grades plus comments” condition was selected as the
reference group because it most closely resembles the form of feedback students
typically received. However, the remaining conditions were each re-coded as the

reference group to test all pairwise comparisons of means and simple slopes.

I"H'["/$56A&" )U@+'A+1B$G??36-3%

All analyses were conducted using the PROC MIXED procedure in SAS 9.4, with
three nested models examined for each dependent variable. First, an “unconditional
model” contained only a random intercept at the student and classroom levels. A
primary purpose of starting with this model was to calculate the intra-class correlation
(ICC) for each dependent variable. That is, the unconditional (i.e., intercept-only or null)
model reveals the proportion of total variance in the dependent variable that is
explained by (1) the student and (2) her class (Snijders & Bosker, 2012). It also served as

a baseline against which the adequacy of subsequent models could be compared.*

¢ Comparing Akaike and Bayesian information criteria (AIC and BIC, respectively) fit statistics between
nested models provides information about how effective predictors are at accounting for variation in
dependent variable scores. However, given that the current study used a residual maximum likelihood
(REML) estimation method rather than maximum likelihood (ML), a statistical test between nested models
is not possible (Snijders & Bosker, 2012).
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Second, an “intermediate model” including relevant covariates along with the
fixed-effect predictors of Time, Condition, and their interaction was fit to the data.
Doing so tested whether students” motivation was influenced by the stage of feedback
(i.e., anticipation vs. receipt) or the feedback condition to which they were assigned.
Importantly, the intermediate model also tested the Time by Condition interaction effect
central to study hypotheses.

A final, “full model” included the fixed-effect evaluation dimension predictor, all
variables from the intermediate model, and their interactions. The primary purpose of
this model was to test whether the hypothesized Time by Condition interaction for each
outcome is moderated by students’ perceptions of their classroom goal structure,
particularly its evaluation dimension. If the full model produced neither a sufficient
improvement in model fit nor significant effects involving the evaluation dimension
predictor, these criteria together would suggest that its inclusion offers no additional
explanatory benefit. In these cases, the more parsimonious intermediate model was
substantively interpreted.

The residual maximum likelihood (REML) procedure was used to generate
parameter estimates based on recommendations of its selection for fixed-effects tests and
relatively small sample sizes (e.g., Snijders and Bosker, 2012). In addition, the Kenward-
Rogers method was used to adjust the denominator degrees of freedom in F- and ¢-tests

(Kenward & Rogers, 1997).
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3. Results

Two steps were taken prior to testing the study hypotheses. First, descriptive
statistics for the sample (see Participants subsection) and its scores on the model
variables (see Tables 4-6) were calculated along with correlations between those
variables at each wave of data collection (see Tables 7-9). Second, assumptions were
tested to confirm that multilevel modeling is an appropriate analytic approach given
characteristics of the data. These steps are discussed in detail next, followed by a
summary of findings from the study. Findings are reported separately for each of the
following outcomes: self-efficacy, achievement goal orientations (performance-
approach, performance-avoidance, mastery), intrinsic motivation, perceptions of
assessment fairness, and time spent studying. Results of three nested models are
summarized for each outcome. Findings are first reported for the unconditional model,
which only contains student- and class-level random intercepts. Findings are next
reported for the intermediate model including covariates, the Time and Condition
predictors, and their interaction. Findings are then reported for the full model, which
includes all variables in the intermediate model along with the evaluation dimension of
classroom goal structure and all possible two- or three-level interactions. Results from
the intermediate model are statistically and substantively interpreted for outcomes
where the full model provides neither sufficient improvement in model fit nor

significant effects involving the evaluation dimension of classroom goal structure.
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Dependent Feedback
) L Mean SD N
Variable Condition
G+C 4.13 .67 56
] G 4.19 .79 30
Self-Efficacy
C 4.32 .70 21
NF 4.01 1.00 34
Performance- G+C 2.52 1.09 56
Approach G 2.09 1.08 29
Goal C 2.28 1.04 20
Orientation NF 2.10 1.06 34
Performance- G+C 2.68 1.02 56
Avoidance G 2.35 1.18 29
Goal C 2.55 1.03 19
Orientation NF 2.45 1.19 34
G+C 451 .65 55
Mastery
G 4.35 .63 30
Goal
) . C 4.58 .61 20
Orientation
NF 4.54 .64 34
o G+C 3.50 .80 56
Intrinsic
o G 3.70 72 28
Motivation
o C 4.08 91 21
(Curiosity)
NF 3.89 .96 34
o G+C 3.16 .95 56
Intrinsic
o G 3.33 1.02 30
Motivation
C 3.38 1.04 21
(Challenge)
NF 3.27 1.08 34
o G+C 3.03 .86 56
Intrinsic
. G 3.36 .87 30
Motivation
C 3.50 .96 21
(Independent)
NF 3.13 1.00 34
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Dependent Feedback
. L Mean SD N
Variable Condition
G+C 3.83 .72 56
. G 4.00 .99 30
Fairness
C 3.45 1.07 21
NF 4.20 .73 34
G+C 3.20 .88 56
Time Spent G 2.72 94 30
Studying C 3.32 .95 20
NF 3.10 .90 34
Classroom G+C 3.13 .39 51
Goal Structure: G 3.24 43 28
Evaluation C 3.14 .30 19
Dimension NF 3.33 .36 32

Note. G+C = grades plus comments condition, G = grades condition,
C = comments condition, NF = no feedback.
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Dependent Feedback
. . Mean SD N
Variable Condition
G+C 3.88 .79 57
Self-Efficacy G 4.04 78 33
C 3.93 .92 23
NF 3.75 91 40
Performance- G+C 2.30 1.21 57
Approach G 1.91 94 33
Goal C 1.86 .92 23
Orientation NEF 1.89 .96 40
Performance- G+C 2.58 1.09 57
Avoidance G 2.14 1.11 33
Goal C 2.29 1.02 23
Orientation NEF 2.20 1.16 40
G+C 418 .78 57
Mastery
G 4.27 .75 33
Goal
. . C 4.47 .62 22
Orientation
NF 4.31 .57 40
G+C 3.36 1.21 57
Intrinsic G 3.67 1.22 33
Motivation C 3.84 1.51 23
NF 3.49 1.39 40
G+C 4.05 .76 57
. G 4.03 .82 33
Fairness
C 3.75 1.04 23
NF 3.64 1.03 40
G+C 3.30 .81 57
Time Spent G 3.02 94 33
Studying C 3.33 1.10 23
NF 3.24 .93 40

Note. G+C = grades plus comments condition, G = grades condition,
C = comments condition, NF = no feedback.
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Dependent Feedback
. . Mean SD N
Variable Condition
G+C 3.61 .89 59
G 3.98 .80 33
Self-Efficacy
C 3.91 .80 23
NF 3.72 .80 34
Performance- G+C 2.29 1.04 60
Approach G 2.04 1.11 33
Goal C 2.19 91 23
Orientation NF 2.08 1.02 33
Performance- G+C 2.59 1.07 60
Avoidance G 2.27 1.15 33
Goal C 2.54 .96 23
Orientation NEF 2.23 1.11 34
G+C 4.42 .66 60
Mastery
G 4.28 72 33
Goal
. . C 441 .68 23
Orientation
NF 4.35 .66 34
G+C 3.77 1.20 59
Intrinsic G 3.57 1.17 33
Motivation C 4.16 1.50 23
NF 3.37 1.34 34
G+C 3.58 1.05 60
) G 3.61 .96 33
Fairness
C 3.29 .97 23
NF 2.84 1.21 34
G+C 3.38 .85 60
Time Spent G 3.27 76 33
Studying C 3.50 .87 23
NF 3.28 .94 34
G+C 3.84 .63 46
G 3.76 .84 33
Calibration
C 3.98 A48 22
NF 4.02 .72 33
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1. Self-Efficacy

2. Performance-Approach GO -13

3. Performance-Avoidance GO -07 .82

4. Mastery Goal Orientation 41 -01 -.04

5. IM (Curiosity) 55 -16 -21 .62

6. IM (Challenge) 63 -11 -17 46 .69

7. IM (Independent) 52 .00 -03 41 56 .66

8. Fairness 30 -14 -17 42 36 .28 .18

9. Time Spent Studying -05 -07 -04 25 05 -11 -16 -03

10. Evaluation Dimension of CGS 45 -28 -29 .38 47 bl 32 61 -04

Note. IM = intrinsic motivation, GO = goal orientation, CGS = classroom goal structure.

=-C'&PNDPK633&'-2+614$G>61BS56A&'$T-3+-C'&4$-251-B&$/

1. Self-Efficacy
2. Performance-Approach GO  -.03
3. Performance-Avoidance GO  -.03 .89

4. Mastery Goal Orientation 29  -09 -.06

5. Intrinsic Motivation .30 A2 .02 32

6. Fairness a5 -07  -05 .28 A2

7. Time Spent Studying -13  -03 -01 .27 19 .07

Note. GO = goal orientation.
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3.1 Testing Assumptions

An MLM approach can account for the three-level nesting structure of the data
and test for novel cross-level interactions (i.e., Time x Condition and Time x Condition x
Evaluation Dimension). However, it is first necessary to confirm that no assumptions of
MLM were violated before this approach can be implemented to test hypotheses. The
four main assumptions are first briefly reviewed (Gottfredson, personal correspondence,
September 29, 2012; Snijders & Bosker, 2012), followed by a description of how they
were tested (when possible).

First, MLM assumes that all student-level residuals have a mean of zero. A
nonzero mean would suggest that an essential variable was omitted or assumptions
related to missing data have been violated. Second, MLM assumes that these residuals
are normally, independently, and identically distributed. That is, students’ residuals

should be entirely uncorrelated after clustering is taken into account. A violation of this
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assumption would indicate that the nested nature of the data may not have been fully
modeled. Third, MLM assumes that student-level residuals are homoscedastic, or have
an equal variance across levels of the predictor variables. Although heteroscedasticity
can be present if modeled, its presence left unmodeled may lead to biased standard
errors. Fourth, MLM assumes that all important predictors have been included in the
model.

There are several strategies for testing these assumptions (e.g., Gottfredson,
personal correspondence, September 29, 2012; Snijders & Berkhof, 2008), of which four
were adopted in the current study. First, I examined the student-level residuals for each
outcome separately to assess whether they were normally distributed. In doing so, I
examined the residual variance and used several graphing strategies. In particular, a
histogram of the residual distribution and Q-Q plot were created for each outcome.
Finally, skew and kurtosis values were calculated for each outcome. Together, these
strategies suggest that there were no violations to the assumption that variables are
normally distributed.

Second, I used PROC BOXPLOT and PROC GPLOT in SAS 9.4 to assess whether
the residuals for students assigned to each of the four performance feedback conditions
were identically and independently distributed. To do so, I plotted feedback conditions
and predicted values by the residual values for each outcome separately. Taken

together, these graphing strategies suggested the possibility of a mild to moderate
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departure from an identical and independent distribution of residuals. However,
simulation studies have demonstrated very minimal bias in fixed-effects parameters and
little bias in their confidence intervals when REML estimation is used with
heterogeneous variance across clusters (Seco, Garcia, Garcia, & Rojas, 2013). As a result,
the decision was made to proceed with analyses as planned.

Finally, I tested for the presence of any student-level outliers by using PROC
RANK in SAS 9.4. This strategy identified the largest and smallest 1% of cases in the
sample based on their residuals. After identifying and examining these extreme cases,
there was no reason to believe they belong to a population different from the target as is
required for true outliers (Cohen, Cohen, West, & Aiken, 2003). As a result, they were

retained for the analyses summarized below.

3.2 Results by Outcome
3.2.1 Self-Efficacy

Tables 10 through 14 provide complete results from each of the three nested
models (unconditional, intermediate, full), focusing on the fixed-effect parameter
estimates pooled across all 10 imputations and the pooled F tests. Table 15 provides AIC

and BIC fit statistics from each imputation to compare across the three models.

8"/"I"I$Y1,61A+2+61-'$56A&'$$

The unconditional model revealed a pooled ICC of o = .60 at the student level

(Level 2) and o = .08 at the classroom level (Level 3). The student-level ICC suggests that
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60% of the variation in self-efficacy ratings is explained by students and 8% of the
variation is explained by their math or science class. Both of these ICCs empirically
suggest that a multilevel modeling approach is necessary to account for the nested
nature of the data. This model also revealed a significant intercept [y = 3.84, t(157.12) =
41.83, p <.001, 95% CI (3.66, 4.02)]. That is, the average self-efficacy rating among
students in the sample was 3.84 on a five-point scale.

=-C'&YZ D$[66'CASREA@'24$6($Y1,61A+2+61-'$56 A& '$(6B%6&( $

Estimate SE 95% CI ! df "

Intercept 3.84 .09 (3.66, 4.02) 41.83 157.12 <.001

#3!%&E = standard error, CI = confidence interval; df = degrees of freedom.

8"/"1"1$012&3>&A+-2&$56 A%

The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ self-efficacy [F(9,
6653.80) = 24.25, p <.001]. Controlling for students’ expected assessment performance
(i.e., calibration) and their baseline self-efficacy, the main effect of Time was significant
[F(1, 133.13) = 9.49, p <.01]. However, it was qualified by a significant Time x Condition
interaction [F(3, 3812.90) = 2.60, p = .05]. That is, the change in self-efficacy from
anticipation to receipt of performance feedback was not the same across all four
feedback conditions (see Figure 1 at end of section). The significant change in self-

efficacy for students who received grades plus comments appears to be driving this
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interaction, with a .29 decrease in their rating from anticipation to receipt of
performance feedback [y =-0.29, t(96.35) = -3.08, p <.01, 95% CI (-.47, -.10)]. The change
in self-efficacy from anticipation to receipt was nonsignificant for the remaining
feedback conditions. However, the change in self-efficacy reported by students from
anticipation to receipt of grades plus comments was significantly different from students
who only received comments or those who received no feedback [y = 0.36, t(132.39) =
2.11, p =.04, 95% CI (.02, .69) for the comments vs. grades plus comments comparison of
simple slopes; y = 0.33, t(128.24) = 2.28, p =.02, 95% CI (.04, .61) for the no feedback vs.
grades plus comments comparison]. There was also a marginally significant difference
in simple slopes (i.e., change in self-efficacy from anticipation to receipt of performance
feedback) between the grades and grades plus comments conditions [y = 0.26, t(130.35)=
1.74, p =.08, 95% CI (-.04, .56)]. No other differences in simple slopes between feedback
conditions emerged. Furthermore, there were no significant mean differences in self-
efficacy between conditions at anticipation of performance feedback (p = .27 - .93).
Reflecting these nonsignificant pairwise comparisons, the main effect of Condition was
not significant [F(3, 1578.30) = .51, p = .68]. However, a significant difference emerged at
receipt of performance feedback between the grades and grades plus comments

conditions [y = 0.36, t(138.68)=2.09, p =.04, 95% CI (.02, .69)].
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Estimate  SE 95% CI t df p
Intercept 3.91 A1 (3.69, 4.12) 3645 12414  <.001
Covariates:
Calibration 21 .07 (.08, .34) 325 118.59 <.01
Self-Efficacy .64 .06 (.52,.76) 1059 11213  <.001
Time x Condition:
G+Cvs. G .26 15 (-.04, .56) 1.74  130.35 .08
G+Cvs.C .36 17 (.02, .69) 211 132.39 .04
G+C vs. NF .33 14 (.04, .61) 228  128.24 .02
Gvs. C .09 19 (-.27, .46) 51 143.82 .61
G vs. NF .06 16 (-.26, .39) 39  135.78 .70
C.vs. NF -.03 18 (-.38, .32) -17 14715 .87
Time:
G+C -.29 .09 (-.47, -.10) -3.08 96.35 <.01
G -.02 A2 (-.26, .21) -21  152.65 .83
C .07 14 (-.21, .35) 49  141.16 .63
NF .04 A1 (-.18, .26) .35 126.8 73
Condition (Anticipation):
G+Cvs. G .09 17 (-.25, .43) 54 12548 .59
G+Cvs.C -.10 19 (-.48, .29) -50  119.57 .62
G+C vs. NF -11 17 (-.45, .22) -.69 95.52 49
Gvs.C -.19 21 (-.61, .23) -90  123.72 .37
G vs. NF -21 19 (-.58, 16) -1.12 11046 27
Cvs.NF -.02 .20 (-.41, .38) -09  139.76 93
Condition (Receipt):
G+Cvs. G .36 17 (.02, .69) 2.09 138.68 .04
G+Cvs.C .26 19 (-.11, .63) 1.38  152.73 17
G+C vs. NF 21 17 (-.13, .55) 1.23 86.32 22
Gvs. C .10 21 (-.32, .51) 46 134.32 .65
G vs. NF -.14 18 (-.51, .22) -78  119.98 44
Cvs. NF -.05 21 (-.46, .36) -23  109.86 .82

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
G+C = grades plus comments condition, G = grades condition, C = comments condition,
NF = no feedback condition.
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two-way and three-way interactions involving it
explained a significant proportion of variation in self-efficacy [F(17, 8014.20) =13.21, p
<.001]. However, model fit did not sufficiently improve (see Table 15). Furthermore,
there were no significant main or interaction effects involving students’ perceptions of
the evaluation component of their classroom goal structure (p =.22 - .88 for omnibus
tests; p =.22 - .89 for pairwise comparisons). As a result, the more parsimonious
intermediate model will be substantively interpreted.

=-C'&418 3>1+C@4$R&A@'24$6($; @"$56A&'S(63%&(,. $

& & F& 41& p& &
Y non &
& &

(<%5"$$&304% % =>?@= A=BC&DEEB?@ H?ER= &
3"+*&811%9/&01&!€)% &B?1%& A=C=J@3=G H?ER=
3"+*&811%9/&01&K0*4+&8k R A>C&=I>ERF &EB& & &&
3"+*&811%9/&01&8L 6 &&2I1& A=C&FOR>| &2 GED

[+)%&M&KO*4+/+&& &&7?8 A>C&FI-BFR@ &&ERR

+)%&M&8BLE & &&&® A=C&=ED&=>G &&EH

KO0*4+/+0*&M&81K6 &&EIB:. A>C&IIEEZNG &&K&
I+)%&ME&KO0*4+/+0*&MBRBREB> A>C&=>BFG &&RR

T I I I 1111910100393 1000013999130 10 s non &

Note. 68&08&-/"*4"54&%5505C&KP&0&90* 1/9486*$%&41 & 0 &4%R5%%-&0 K& 15%
8L6&0&%<"S,"/+0*&4+)%*-+0*&01&9%$"--500)&R0"$&-/5 &/,5%?&

67



=-C'& 84 [J66'RASRE4@ 24$6($; @ "$56A& S(63EH-,. $

Estimate SE 95% CI t df p
Intercept 3.93 .10 (3.74,4.13)  39.70 118.99  <.001
Covariates:
Calibration 18 .07 (.05, .32) 2.68 100.56 <.01
Self-Efficacy .62 .06 (.49, .75) 9.60 102.89  <.001
Time x Condition:
G+Cvs. G 27 15 (-0.04, .57) 1.73 137.62 .09
G+Cvs. C .34 17 (-.01, .68) 1.94 132.11 .05
G+C vs. NF .33 15 (.03, .62) 2.20 135.88 .03
Gvs. C .07 19 (-.31, .45) .37 143.88 71
G vs. NF .06 17 (-.28, .40) .35 137.25 73
C.vs. NF -.01 19 (-.38, .36) -.06 144.10 .95
Time:
G+C -.28 10 (-.47,-.09) -2.92 103.13 <.01
G -.01 12 (-.25, .23) -11 153.33 91
C .06 15 (-.23, .34) .39 143.5 .69
NF .05 12 (-.19, .28) .39 123.37 .70
Condition (Anticipation):
G+Cvs. G .03 16 (-.29, .36) 21 109.79 .83
G+Cvs. C -.10 18 (-.46, .25) -.59 129.09 .56
G+C vs. NF -.14 16 (-.45, .18) -.87 101.43 .39
Gvs. C -.14 .20 (-.54, .25) -.70 119.80 A48
G vs. NF -17 18 (-.52, .18) -.98 113.34 .33
Cvs.NF -.03 19 (-.41, .34) -.18 134.08 .86
Condition (Receipt):
G+Cvs. G .30 16 (-.01, .62) 1.86 116.32 .07
G+Cuvs. C 23 17 (-.11, .58) 1.35 151.51 18
G+C vs. NF 19 16 (-.14, .51) 1.18 89.82 24
Gvs. C .07 .20 (-.32, .46) .35 123.56 73
G vs. NF -11 18 (-.46, .23) -.64 115.86 .52
Cvs.NF -.04 .20 (-.43, .35) -22 102.24 .82
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Estimate  SE 95% CI t df p
EGS .29 23 (-.18,.76) 1.25 56.61 22
EGS x Time .06 24 (-.42, .55) 27 88.69 .79
EGS x Condition:
G+Cvs. G .05 .34 (-.64,.73) .14 92.99 .89
G+Cvs. C .36 .54 (-.71,1.43) .67 61.51 51
G+C vs. NF -.35 .38 (-1.10, .40) -.93 63.72 .36
Gvs.C 31 .54 (-.75, 1.38) .58 1.38 .56
G vs. NF -39 .37 (-1.13, .34) -1.06 125.34 .29
C.vs.NF -71 .52 (-1.74, .33) -1.36 112.6 18
EGS x Time x Condition:
G+Cvs. G =21 .38 (--96, .54) -.55 112.23 58
G+Cvs. C -41 .58 (-1.56, .74) -.70 82.4 A48
G+C vs. NF -.14 .39 (--90, .63) -.35 108.31 72
Gvs.C -.20 57 (-1.33, .94) -.35 123.59 73
G vs. NF .07 41 (--73, .87) .18 147.69 .86
C.vs.NF 27 .58 (-.88, 1.42) 46 119.60 .64

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure, G+C = grades plus comments
condition, G = grades condition, C = comments condition, NF = no feedback condition.
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Imputation Unconditional Intermediate Full
Model Model Model

1 AIC 722.8 576.5 574.7
BIC 724.5 578.1 576.4
2 AIC 743.5 5923 592.2
BIC 745.2 594.0 593.9

3 AIC 720.5 588.3 591.9
BIC 722.2 590.0 593.6
4 AIC 719.9 574.8 576.0
BIC 721.6 576.5 STT1.7

5 AIC 710.1 594.6 590.4
BIC 711.8 596.3 592.1
6 AIC 739.8 604.2 601.1
BIC 741.5 605.9 602.8

7 AIC 716.2 572.3 566.4
BIC 717.9 574.0 568.1

8 AIC 726.0 597.7 595.0
BIC 727.7 599.4 596.7

9 AIC 722.8 595.1 591.0
BIC 724.5 596.8 592.7
10 AIC 723.2 588.5 581.9
BIC 724.9 590.2 583.6

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion.
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3.2.2 Performance-Approach Goal Orientation

Tables 16 through 20 provide complete results from each of the three nested
models, focusing on the fixed-effect parameter estimates pooled across all 10
imputations and the pooled F tests. Table 21 provides AIC and BIC fit statistics from

each imputation to compare across the three models.

8"/"I"$Y1,61A+2+61-'$56A&'$$

The unconditional model revealed a pooled ICC of o =.79 at the student level
(Level 2) and ¢ = .02 at the classroom level (Level 3). The student-level ICC suggests that
79% of the variation in performance-approach goal orientation ratings is explained by
students and 2% of the variation is explained by their math or science class. This model
also revealed a significant intercept [y = 2.10, t(154.61) = 23.26, p <.001, 95% CI (1.93,
2.28)]. That is, the average performance-approach goal orientation rating among
students in the sample was 2.10 on a five-point scale.
=-C'&HH$66'&ASR&A@'24$6($Y1,61A+2+61-'$56A&'$(63$[&3(63>)G&?36-,F$$

Estimate  SE 95% CI t df p

Intercept 2.10 .09 (1.93, 2.28) 23.26 154.61 <.001

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ performance-
approach goal orientation [F(9, 3262.20) = 25.34, p <.001]. Controlling for the calibration
measure and students’ baseline performance-approach goal orientation, the main effect
of Time was not significant [F(1, 201.75) = 85, p =.36]. However, a significant Time x
Condition cross-level interaction emerged [F(3, 2086.5) = 3.42, p = .02]. That is, the
magnitude and direction of change in students’ performance-approach goal orientation
from anticipation to receipt of performance feedback varied as a function of the
condition to which they were assigned (see Figure 2 at the end of this section). The
significant change in performance-approach goal orientation for students who did not
receive feedback appears to be driving this interaction, with a .32-unit increase in their
rating from anticipation to receipt of performance feedback [y = 0.32, t(94.30) = 3.00, p
<.01, 95% CI (.11, .53)]. There was also a marginally significant change from anticipation
to receipt for students who received comments, with a .23-unit increase in students’
performance-approach goal orientation [y = 0.23, t(144.90) = 1.79, p =.08, 95% CI (-.02,
49)]. However, the corresponding change over time was nonsignificant for the
remaining two feedback conditions (i.e., grades and grades plus comments).

The change in performance-approach goal orientation reported by students in

the no feedback and comments conditions were both significantly different from
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students who received grades plus comments [y = 0.31, t(122.47) = 1.97, p =.05, 95% CI
(-.00, .62) for the comments vs. grades plus comments comparison of simple slopes; y =
0.40, t(106.87) = 2.96, p <.01, 95% CI (.13, .67) for the no feedback vs. grades plus
comments comparison]. No other significant differences in simple slopes between
feedback conditions emerged. Furthermore, there were no significant mean differences
in self-efficacy between conditions at either anticipation or receipt (p =.24 - .92).
Reflecting these nonsignificant pairwise comparisons, the main effect of Condition was
not significant, F(3, 782.04) = .51, p = .67

$
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F df p
Overall Model 25.34 (9, 3262.20) <.001
Main Effect of Time 85 (1, 201.75) .36
Main Effect of Condition .51 (3, 782.04) .67
Time x Condition 342  (3,2086.5) .02

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two-way and three-way interactions involving it
explained a significant proportion of variation in self-efficacy [F(17, 4009.7) = 13.66, p
<.001]. However, model fit did not sufficiently improve (see Table 21). Furthermore,
there were no significant main or interaction effects involving students’ perceptions of
the evaluation component of their classroom goal structure (p = .14 - .81 for omnibus
tests; p = .05 - .84 for pairwise comparisons). As a result, the more parsimonious

intermediate model will be substantively interpreted.
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Estimate SE 95% CI t df p
Intercept 2.14 .10 (1.94, 2.35) 21.01 10548  <.001
Covariates:
Calibration .05 .09 (-13, .23) .59 49.09 .56
P-A .70 .05 (.59, .80) 13.53 83.16  <.001
Time x Condition:
G+Cvs. G 21 14 (-.06, .48) 1.50 137.67 14
G+Cuvs.C 27 .16 (-.04, .59) 1.73 121.46 .09
G+C vs. NF 35 14 (.07, .64) 245 81.67 .02
Gvs.C .07 17 (-.27, 41) .38 138.23 .70
G vs. NF 15 .16 (-.17, .46) 92 110.73 .36
C.vs. NF .07 18 (-.27, .43) 45 105.03 .65
Time:
G+C -.05 .08 (-.21, .12) -54 120.58 .59
G 16 A1 (-.06, .38) 1.47 146.16 15
C 23 13 (-.03, .49) 1.75 142.50 .08
NF 31 12 (.08, .54) 2.67 72.22 .01
Condition (Anticipation):
G+Cvs. G -.03 18 (-.39, .32) -.19 80.40 .85
G+Cuvs.C -.19 19 (-.56, .18) -1.02 119.93 31
G+C vs. NF -17 17 (-.51, .17) -1.00 79.82 32
Gvs. C -.16 22 (-.59, .27) -72 83.59 47
G vs. NF -13 19 (-.51, .24) -70 86.16 49
Cvs.NF .02 .20 (-.37, .41) A1 126.63 91
Condition (Receipt):
G+Cvs. G 17 18 (-.18, .52) .99 84.24 .33
G+Cvs.C .08 19 (-.28, .45) 45 119.98 .65
G+C vs. NF 19 18 (-.17, .55) 1.03 53.77 31
Gvs.C .09 23 (-.36, .54) 40 63.44 .69
G vs. NF .01 .20 (-.38, .41) .06 68.47 .95
Cvs.NF .10 22 (-.33, .54) 46 64.00 .64
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Estimate  SE 95% CI t df p
EGS .06 25 (-.44, .56) 23 91.46 .82
EGS x Time .32 21 (--10, .75) 1.50 98.87 14
EGS x Condition:
G+Cvs. G -22 .39 (-1.00, .55) -.57 97.59 .57
G+Cvs. C -.70 57 (-1.84, .44) -1.22 99.44 .23
G+C vs. NF -.32 43 (-1.20, .56) -.74 52.50 46
Gvs.C -.47 .60 (-1.66, .71) -.79 108.76 43
G vs. NF -.10 A48 (-1.07, .87) -.20 53.67 .84
C.vs.NF .37 .63 (-.87,1.62) .60 80.77 .55
EGS x Time x Condition:
G+Cvs. G -.65 .33 (-1.32, .01) -1.95 124.96 .05
G+Cvs. C -.48 A48 (-1.43, .47) -.99 137.05 32
G+C vs. NF -13 .39 (--92, .65) -.34 49.16 74
Gvs.C 17 .50 (-.82,1.17) .34 142.66 .73
G vs. NF .52 42 (-.32, 1.36) 1.24 59.70 22
C.vs.NF .34 .56 (-.76, 1.46) .62 73.41 .54

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
P-A = performance-approach goal orientation, EGS = evaluation dimension of
classroom goal structure, G+C = grades plus comments condition, G = grades condition,
C = comments condition, NF = no feedback condition.
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Imputation Unconditional Intermediate Full
Model Model Model

1 AIC 767.7 619.1 610.0
BIC 769 .4 620.8 611.7

2 AIC 787.4 638.9 630.7
BIC 789.1 640.5 631.9

3 AIC 783.5 624.3 615.7
BIC 785.2 626.0 616.8
4 AIC 785.2 636.8 628.1
BIC 786.9 638.4 629.8

5 AIC 771.8 611.0 603.9
BIC 773.5 612.7 605.0

6 AIC 779.4 637.0 628.9
BIC 781.1 638.2 630.0

7 AIC 785.7 634.1 625.8
BIC 787.4 635.7 626.9

8 AIC 792.7 658.2 647.1
BIC 794 .4 659.9 648.3

9 AIC 772.1 6339 625.6
BIC 773.8 635.6 627.3
10 AIC 783.6 636.6 633.5
BIC 785.3 637.7 634.7

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion.
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3.2.3 Performance-Avoidance Goal Orientation

Tables 22 through 26 provide complete results from each of the three nested
models, focusing on the fixed-effect parameter estimates pooled across all 10
imputations and the pooled omnibus F tests. Table 27 provides AIC and BIC fit statistics
from each imputation to compare across the three models.
8"/"8"I%1,61A+2+61-'B6A&" $$

The unconditional model revealed a pooled ICC of o = .84 at the student level
(Level 2) and o = .001 at the classroom level (Level 3). The student-level ICC suggests
that 84% of the variation in performance-avoidance goal orientation ratings is explained
by students and nearly none of the variation is explained by their math or science class.
This model also revealed a significant intercept [y = 2.38, t(156.30) = 27.94, p <.001, 95%
CI (2.21, 2.54)]. That is, the average performance-avoidance goal orientation rating

among students in the sample was 2.38 on a five-point scale.
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Estimate SE 95% CI t df p

Intercept 2.38 .09 (2.21, 2.54) 27.94 156.30 <.001

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ performance-avoid
goal orientations [F(9, 3244.30) = 26.55, p <.001]. However, after controlling for the
calibration measure and students’ baseline performance-approach goal orientations, the
effects of Time, Condition, and their interaction were not significant [F(1, 109.77) = .29, p
= .59 for main effect of Time, F(3, 617.47) = .64, p = .59 for main effect of Condition, and
F(3, 1953.90) = .86, p = .49 for their interaction, see Figure 3]. The pooled parameter
estimates were consistent with these omnibus main and interaction effect tests, with no
significant change in students’” performance-avoidance goal orientation over time for
any of the feedback conditions, and no significant differences between them at
anticipation or receipt (p = .31 - 1.00).

$
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F df p
Overall Model 26.55 (9, 3244.30) <.001
Main Effect of Time .29 (1,109.77) .59
Main Effect of Condition .64 (3, 617.47) .59
Time x Condition .86 (3,1953.90) 46

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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Estimate SE 95% CI t df p
Intercept 2.43 A1 (2.21, 2.65) 22.13 88.44 <.001
Covariates:
Calibration -.09 .08 (--25, .06) -1.16 96.71 25
P-A .75 .05 (.65, .86) 14.49 74.34 <.001
Time x Condition:
G+Cvs. G 17 14 (--11, .44) 1.18 112.40 24
G+Cvs. C 17 14 (--11, .44) 1.18 112.40 24
G+C vs. NF 17 13 (--09, .44) 1.29 105.21 .20
Gvs.C .00 17 (--34, .34) .01 131.42 .99
G vs. NF .01 15 (--28, .30) .05 152.52 .96
C.vs.NF .01 17 (--33, .34) .04 123.93 .97
Time:
G+C -.05 .09 (--22, .12) -.54 89.26 .59
G a2 A1 (--10, .34) 1.09 136.87 .28
C 12 13 (--14, .38) 93 139.92 .35
NF 13 .10 (--08, .33) 1.21 109.14 23
Condition (Anticipation):
G+Cvs. G -.16 .18 (--51, .19) -.93 110.03 .35
G+Cvs. C .03 .20 (--37, .42) .14 114.12 .89
G+C vs. NF -.19 .19 (--57,.19) -1.00 48.6 32
Gvs.C .19 22 (--24, .62) .88 117.42 .38
G vs. NF -.03 .20 (--42, .37) -13 88.84 90
Cvs. NF -22 21 (--64, .20) -1.02 107.02 31
Condition (Receipt):
G+Cvs. G .00 17 (--34, .34) .01 132.17 1.00
G+Cvs. C .19 .19 (--19, .58) 1.00 128.55 32
G+C vs. NF -.01 .19 (--40, .36) -.09 50.22 93
Gvs.C -19 21 (--61, .23) -91 136.61 .36
G vs. NF -.02 .20 (--41, .37) -.09 89.76 93
Cvs.NF -21 21 (--62, .20) -1.01 121.53 31

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
P-A = performance-avoid goal orientation, G+C = grades plus comments condition,

G = grades condition, C = comments condition, NF = no feedback condition.
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two-way and three-way interactions involving it
explained a significant proportion of variation in time spent studying [F(17, 4325.10) =
13.73, p <.001]. However, model fit did not sufficiently improve (see Table 27).
Furthermore, there were no significant main or interaction effects involving the added
predictor (p =.20 - .91). As a result, the more parsimonious intermediate model will be
substantively interpreted.
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Estimate SE 95% CI t df p
Intercept 2.45 d1 (2.23, 2.66) 22.70 86.88  <.001
Covariates:
Calibration -.10 .09 (-.27,.07) -1.15 84.60 .26
P-A .75 .05 (.64, .86) 14.07 86.23  <.001
Time x Condition:
G+Cvs. G 16 14 (-.13, .45) 1.10  109.78 27
G+Cuvs.C .16 16 (-.16, .48) 1.00 117.11 .32
G+C vs. NF .16 14 (-.12, .45) 1.15 95.00 .25
Gvs.C .00 18 (-.34, .35) .01 129.97 .99
G vs. NF .00 15 (-.29, .30) .03 15233 .98
C.vs. NF .00 17 (-.34, .34) .01 120.77 .99
Time:
G+C -.03 .09 (-.21, .14) -.36 91.44 72
G 13 q1 (-.09, .35) 113 138.31 .26
C 13 13 (-.13, .39) 97  133.09 .33
NF 13 q1 (-.08, .35) 1.21 111.39 .23
Condition (Anticipation):
G+Cvs. G -.19 18 (-.54, .15) -1.10  105.60 27
G+Cuvs.C -.01 19 (-.38, .37) -04 13094 .97
G+C vs. NF -.20 19 (-.57, .19) -1.05 50.40 .30
Gvs.C 19 22 (-.25, .62) .85 102.12 40
G vs. NF .00 19 (-.39, .38) -02  100.82 .99
Cvs. NF -.19 22 (-.62, .24) -.88 89.00 .39
Condition (Receipt):
G+Cvs. G -.03 17 (-.38, .31) -20  117.05 .84
G+Cyvs.C 19 19 (-.19, .58) 1.00  128.55 .32
G+C vs. NF -.03 19 (-41, .34) -17 50.27 .86
Gvs.C -.19 21 (-.61, .23) -.88  116.75 .38
G vs. NF .00 19 (-.38, .38) .01 103.82 .99
Cvs. NF -.19 .23 (-.61, .24) -.87 94.33 .39

83



=-C'&$/HF66'SASREA@A$6(S$;@"$56 A& $(635[&3(63>-1)& 76+A-1,8&%

Estimate  SE 95% CI t df p
EGS .19 27 (-.36,.73) .68 69.88 .50
EGS x Time 15 23 (-.32, .62) .64 59.23 .53
EGS x Condition:
G+Cvs. G -.06 40 (.85, .72) -.16 121.70 .87
G+Cvs. C -.84 .59 (-2.00, .32) -1.44 117.07 15
G+C vs. NF -.28 44 (1.16, .59) -.65 67.82 52
Gvs.C -.78 .61 (-1.98, .43) -1.28 128.20 .20
G vs. NF =22 47 (-1.16, .72) -46 79.16 .64
C.vs.NF 56 .63 (--.69, 1.81) .88 100.89 .38
EGS x Time x Condition:
G+Cvs. G -.24 .35 (--93, .46) -.67 90.25 .50
G+Cvs. C -.06 .56 (-1.19, 1.07) -11 52.46 91
G+C vs. NF -.19 .36 (--92, .53) -.53 79.65 .60
Gvs.C 18 .58 (-.98, 1.33) 31 60.46 .76
G vs. NF .05 .38 (--71, .80) 12 115.16 .90
C.vs.NF -.13 .58 (-1.30, 1.04) =22 58.68 .82

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure, P-A = performance-avoid
goal orientation, G+C = grades plus comments condition, G = grades condition,

C = comments condition, NF = no feedback condition.
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1 AIC 782.2 644.6 644.2
BIC 783.4 646.3 645.9
2 AIC 782.7 639.7 642.2
BIC 783.8 641.4 643.9
3 AIC 806.7 660.8 661.3
BIC 807.8 661.9 662.4
4 AIC 795.4 666.1 664.5
BIC 797.1 667.8 6662
5 AIC 776.0 628.8 625.6
BIC 777.2 630.4 626.7
6 AIC 794.7 654.1 654.6
BIC 795.9 655.3 655.7
7 AIC 791.9 644.0 641.3
BIC 793.0 645.2 642.4
8 AIC 776.0 623.8 618.3
BIC 7777 625.5 619.4
9 AIC 767.9 623.9 625.3
BIC 769.1 625.0 626.4
10 AIC 783.1 635.5 634.7
BIC 784.2 636.6 635.8

elelelelcleleleleleelelelelelelelelcleelelcleleleielelelelelelcleleieleE:d
Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion
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3.2.4 Mastery Goal Orientation

Tables 28 through 32 provide complete results from each of the three nested
models, focusing on the fixed-effect parameter estimates pooled across all 10
imputations and the pooled omnibus F tests. Table 33 provides AIC and BIC fit statistics

from each imputation to compare across the three models.

8"/"#"1$Y1,61A+2+61-'$56 A&

The unconditional model revealed a pooled ICC of ¢ = .60 at the student level
(Level 2) and o = .05 at the classroom level (Level 3). The student-level ICC suggests that
60% of the variation in mastery goal orientation ratings is explained by students and 5%
of the variation is explained by their math or science class. This model also revealed a
significant intercept [y = 4.33, t(155.66) = 65.87, p <.001, 95% CI (4.20, 4.46)]. That is, the
average mastery goal orientation rating among students in the sample was 4.33 on a
five-point scale.

=-C'&IWF66'&ASR&EA@'2456($Y1,61A+2+61-'$56A&'$(63$5-42&3.$96-'$:3+&12-8+61

Estimate ~ SE 95% CI t df p

Intercept 4.33 .07 (4.20, 4.46) 65.87 155.66 <.001

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ mastery goal
orientation ratings [F(9, 3258.20) = 13.35, p <.001]. Controlling for the calibration
measure and students” baseline mastery goal orientation, the main effect of Time was
significant [F(1, 258.59) =10.99, p <.01]. The omnibus test of the Time x Condition
interaction was not significant [F(3, 1614.70) = 1.90, p = .13]. However, the pooled
parameter estimates suggest that the magnitude and direction of change in mastery goal
orientations from anticipation to receipt of performance feedback did not apply to all
feedback conditions (see Figure 4). In particular, there was a significant change in
mastery goal orientation for students who received grades plus comments, with a .25
increase from anticipation to receipt of performance feedback [y = .25, t(117.15) =3.31, p
<.01]. The change in mastery goal orientation from anticipation to receipt of
performance feedback was nonsignificant for the remaining conditions. Moreover, the
change in mastery goal orientation reported by students from anticipation to receipt of
grades plus comments was significantly different from students who only received
comments [y =-.28, (123.56) = -1.99, p =.05, 95% CI (-.57, .00)]. No other differences in
simple slopes between experimental conditions emerged. However, a marginally
significant difference in mastery goal orientation emerged between students in the

grades and grades plus comments conditions when they anticipated these forms of
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feedback [y = .22, t(124.23) = 1.70, p = .09]. There were no other mean differences in
mastery goal orientation between conditions at either anticipation or receipt of
performance feedback (p = .20 - .93). Not surprisingly, the main effect of Condition was
not significant [F(3, 1376.4) = 1.24, p = .29].
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Estimate SE 95% CI t df p
Intercept 4.16 .08 (4.00, 4.31) 52.34  109.58  <.001
Covariates:
Calibration .07 .07 (-.07, .20) 1.00 36.83 32
MGO .65 .06 (.53, .78) 10.21 96.95  <.001
Time x Condition:
G+Cvs. G -21 13 (-.46, .04) -1.67 122.24 .10
G+Cuvs.C -.28 14 (-.57, .00) -1.99  123.56 .05
G+C vs. NF -.20 13 (-.44, .05) -1.59 95.16 A2
Gvs.C -.07 .16 (-.38, .24) -47  138.66 .64
G vs. NF .01 14 (-.26, .28) 10 141.03 .92
C. vs. NF .09 .16 (-.23, .40) .54 98.57 .59
Time:
G+C .25 .08 (.10, .40) 3.31 117.15 <.01
G .04 .10 (-.16, .23) 39 148.81 .69
C -.03 A2 (-.27, .21) -28  126.15 .78
NF .05 .10 (-.14, .24) 55 109.62 .59
Condition (Anticipation):
G+Cvs. G 22 13 (-.03, .48) 1.70  124.23 .09
G+Cuvs. C .20 16 (-.11, .51) 1.30 82.11 .20
G+C vs. NF 14 A2 (-.10, .39) 1.15  125.02 .25
Gvs.C -.01 17 (-.35, .31) -11 100.14 91
G vs. NF -.08 14 (-.36, .20) -57 13491 .57
Cvs. NF -.06 16 (-.37, .25) -39 117.62 .70
Condition (Receipt):
G+Cvs. G .01 13 (-.24, .26) .08  153.71 .93
G+Cuvs. C -.08 15 (-.37, .21) -55  119.65 .58
G+C vs. NF -.06 13 (-.31, .20) -44 96.91 .66
Gvs.C .09 16 (-.23, .42) 56 120.63 .58
G vs. NF -.07 15 (-.36, .22) -46  102.60 .65
Cvs. NF .03 .16 (-.28, .33) 16 127.98 .87

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
MGO = mastery goal orientation, G+C = grades plus comments condition,

G = grades condition, C = comments condition, NF = no feedback condition.
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two-way and three-way interactions involving it
explained a significant proportion of variation in mastery goal orientation [F(17, 5348.00)
=6.81, p <.001]. However, model fit did not improve (see Table 33). Furthermore, there
were no significant main or interaction effects involving the added predictor (p =.18 -
1.00). As a result, the more parsimonious intermediate model will be substantively
interpreted.

$
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F df p
Overall Model 6.81 (17, 5348.00) <.001
Main Effect of Time 8.67 (1, 481.81) <.01
Main Effect of Condition .80 (3, 1734.50 .49
Main Effect of EGS 1.46 (1, 58.62) 23
Time x Condition 1.58 (3, 2246.40) .19
Time x EGS 1.42 (1, 104.13) 24
Condition x EGS 25 (3, 1146.2) .86
Time x Condition x EGS .83 (3, 1028.2) A48

Note. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure.
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Estimate SE 95% CI t df p
Intercept 4.18 .08 (4.02, 4.34) 50.37 137.33 <.001
Covariates:
Calibration .04 .08 (-11, .20) .58 31.74 .57
MGO .62 .08 (.47, .77) 8.04 65.33 <.001
Time x Condition:
G+Cvs. G -.20 13 (--46, .05) -1.56 128.60 12
G+Cvs. C -.26 15 (-.55, .03) -1.76 115.43 .08
G+C vs. NF -.19 13 (--44, .06) -1.49 120.32 .14
Gvs.C -.06 16 (--37, .26) -.36 138.35 .72
G vs. NF .01 14 (--26, .29) .10 145.36 .92
C.vs.NF .08 16 (--25, .39) 44 107.31 .66
Time:
G+C 23 .08 (.07, .38) 2.95 131.15 <.01
G .02 10 (-17, .22) 25 149.06 .80
C -.03 a2 (--28, .21) -.26 124.07 .79
NF .04 10 (--16, .23) .39 124.92 .70
Condition (Anticipation):
G+Cvs. G .19 14 (.09, .46) 1.35 133.20 .18
G+Cvs. C .18 16 (--14, .50) 1.15 94.04 .25
G+C vs. NF 11 13 (-.15, .36) .81 139.70 42
Gvs.C .00 18 (--36, .36) -.01 93.52 .99
G vs. NF -.08 15 (--38, .21) -.55 136.37 .58
C vs. NF -.08 17 (-41, .25) -.47 112.35 .64
Condition (Receipt):
G+Cvs. G -.01 14 (-.28, .26) -.10 149.55 92
G+Cvs. C -.07 16 (--38, .23) -.47 120.75 .64
G+C vs. NF -.08 13 (--34, .18) -.62 127.07 .54
Guvs.C .06 18 (--29, 41) 34 109.04 .74
G vs. NF -.07 15 (-37,.23) -.45 117.89 .65
C vs. NF -.01 17 (--33, .32) -.05 122.68 .96
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Estimate SE 95% CI t df p
EGS .26 22 (-17,.70) 1.21 64.38 23
EGS x Time -.24 .20 (-.64, .16) -1.19 87.26 24
EGS x Condition:
G+Cvs. G -.25 32 (-.88, .38) -.80 99.50 43
G+Cvs. C -.24 44 (-1.12, .64) -.54 129.91 .59
G+C vs. NF -.14 .32 (-.79, .50) -.44 90.57 .66
Gvs.C .01 49 (-.95, .98) .03 101.58 .98
G vs. NF A1 .33 (-.55, .77) .33 147.85 .74
C.vs.NF .10 .50 (-.90, 1.09) 19 87.05 .85
EGS x Time x Condition:
G+Cvs. G 41 .30 (-19, 1.02) 1.36 131.70 18
G+Cvs. C 41 A48 (-.54, 1.37) .86 79.12 40
G+C vs. NF .38 32 (-.24,1.02) 1.21 105.70 23
Gvs.C .00 A48 (-.95, .94) .00 118.70 1.00
G vs. NF -.03 .35 (-.71, .66) -.08 118.89 .94
C.vs.NF -.02 51 (-1.05, 1.00) -.05 73.89 .96

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
MGO = mastery goal orientation, EGS = evaluation dimension of classroom goal structure,
G+C = grades plus comments condition, G = grades condition, C = comments condition,
NF =no feedback condition.
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Imputation Unconditional Intermediate Full
Model Model Model

1 AIC 591.5 509.1 513.4
BIC 593.2 510.3 515.1
2 AIC 590.2 504.2 505.1
BIC 591.9 505.3 506.8

3 AIC 604.5 514.8 522.0
BIC 606.2 516.5 523.7
4 AIC 591.6 518.8 520.6
BIC 593.3 5199 522.3

5 AIC 592.6 494.6 499.0
BIC 594.3 4958 500.2

6 AIC 603.6 526.8 528.5
BIC 605.3 528.5 530.2

7 AIC 589.7 506.4 510.6
BIC 591.4 507.5 512.3

8 AIC 610.3 5229 527.8
BIC 612.0 524.1 529.5

9 AIC 593.3 516.0 518.5
BIC 594.9 517.7 520.2
10 AIC 6129 535.2 537.4
BIC 614.6 536.9 539.1

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion.
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3.2.5 Intrinsic Motivation

Tables 34 through 38 provide complete results from each of the three nested
models, focusing on the fixed-effect parameter estimates pooled across all 10
imputations and the pooled omnibus F tests. Table 39 provides AIC and BIC fit statistics

from each imputation to compare across the three models.

8"/"<"I$Y1,61A+2+61-'$56 A&

The unconditional model revealed a pooled ICC of ¢ = .61 at the student level
(Level 2) and o = .05 at the classroom level (Level 3). The student-level ICC suggests that
61% of the variation in intrinsic motivation is explained by students and 5% of the
variation is explained by their math or science class. Both of these ICCs empirically
suggest that a multilevel modeling approach is necessary to account for the nested
nature of the data. This model also revealed a significant intercept [y = 3.62, t(155.89) =
29.10, p <.001, 95% CI (3.38, 3.87)]. That is, the average intrinsic motivation rating
among students in the sample was 3.62 on a seven-point scale.

$
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Estimate SE 95% CI ! df "

Intercept 3.62 12 (3.38, 3.87) 29.10 155.89 <.001

#3!%&E = standard error, CI = confidence interval; df = degrees of freedom.
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The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ intrinsic motivation
[F(9, 5567.40) =2.17, p = .02]. Controlling for the calibration measure and students’
baseline intrinsic motivation, the main effect of Time was significant [F(1,1139.80) =7.90,
p <.01]. However, this main effect was qualified by a marginally significant Time x
Condition interaction [F(3, 1772.7) = 2.42, p = .06]. That is, the marginally significant
interaction and the pooled parameter estimates together suggested that the magnitude
or direction of change in intrinsic motivation from anticipation to receipt of performance
feedback differed among conditions (see Figure 5). The significant change in intrinsic
motivation for students who received grades plus comments or comments alone appears
to be driving this interaction, with a .39 and .47 increase in their respective ratings from
anticipation to receipt of performance feedback [y = 0.39, t(143.22) =2.81, p =.01, 95% CI
(.11, .66) for students who received grades plus comments and y = .47, t(146.30) = 2.08, p
=.04, 95% CI (.02, .90) for students who received only comments]. The change in
intrinsic motivation was nonsignificant for the remaining feedback conditions.

The change in intrinsic motivation reported by students from anticipation to
receipt of grades plus comments was significantly different from those who received no
feedback [y =-0.47, t(90.83) =-1.97, p =.05, 95% CI (-.94, .00)]. There were also marginally

significant differences in simple slopes between students in the grades condition and
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students in the grades plus comments or comments conditions [y = -.45, t(141.02) =-1.91,
p =0.06, 95% CI (-.91, .02) for the grades vs. grades plus comments comparison; y = .52,
t(144.51)=1.79, p = .08, 95% CI (-.05, 1.10) for the grades vs. comments comparison].
Finally, there was a marginally significant difference in simple slopes for students who
received comments compared to their peers who received no feedback [y =-.54, (109.91)
=-1.84, p=.07, 95% CI (-1.13, .04)]. No other differences in simple slopes between
experimental conditions emerged. Furthermore, there were no significant mean
differences in intrinsic motivation between conditions at anticipation of performance
feedback (p =.67 - .96). Reflecting these nonsignificant pairwise comparisons, the main
effect of Condition was not significant [F(3, 2047.40) = .07, p = .98]. However, marginally
significant differences emerged at receipt between the no feedback condition and both
the grades plus comments condition [y =-0.55, t(102.95)=-1.71, p =.09, 95% CI (-1.18, .09)]
and comments condition [y =-0.67, t(132.32)=-1.74, p =.08, 95% CI (-1.42, .09)].

$
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! df "
Overall Model 217 (9, 5567.40) .02
Main Effect of Time 790 (1, 1139.80) <.01
Main Effect of Condition .07 (3, 2047.40) .98
Time x Condition 2.42 (3,1772.7) .06

#$%E&BE = standard error, CI = confidence interval; df = degrees of freedom.
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Estimate SE 95% CI t df p
Intercept 3.53 .20 (3.14, 3.92) 1793  147.89 <.001
Covariates:
Calibration 18 13 (-.09, .45) 1.34 76.65 18
IM(curiosity) .30 15 (-.01, .60) 1.95 64.56 .06
IM(independence) .17 13 (-.08, .43) 1.38  103.48 17
IM(challenge) 28 .14 (-.01, .57) 1.96 69.55 .05
Time x Condition:
G+Cvs. G -45 23 (-.91, .02) -1.91  141.02 .06
G+Cvs.C .07 .26 (-.44, .59) 29  146.37 77
G+Cvs. NF -47 24 (-.94, .00) -1.97 90.83 .05
Gvs. C .52 29 (-.05, 1.10) 1.79 14451 .08
G vs. NF -.02 27 (-.56, .52) -.07 98.68 94
C.vs. NF -.54 .30 (-1.13, .04) -1.84  109.91 .07
Time:
G+C .39 14 (.11, .66) 281  143.22 01
G -.06 19 (--43, .31) -31 15096 75
C A7 22 (.02, .90) 2.08 146.30 .04
NF -.08 19 (-.46, .31) -41 68.77 .69
Condition (Anticipation):
G+Cvs. G .06 32 (-.56, .69) 20 149.85 .84
G+Cvs.C .04 .36 (-.67, .76) 12 151.24 90
G+Cvs. NF -.08 .30 (-.69, .52) -26  141.22 .80
Gvs.C -.02 .39 (-.79, .74) -05  154.69 .96
G vs. NF -.14 34 (-.81, .52) -43 15554 .67
Cvs.NF -12 37 (-.86, .61) -33  153.03 74
Condition (Receipt):
G+Cvs. G -.38 31 (-1.00, .24) -1.22 152.60 23
G+Cvs.C 12 37 (-.61, .85) 32 136.73 .75
G+C vs. NF -.55 32 (-1.18, .09) -1.71  102.95 .09
Gvs.C -.50 .39 (-1.27, .27) -1.29  152.07 .20
G vs. NF -.16 .35 (-.86, .54) -46  119.24 .64
Cvs.NF -.67 .38 (-1.42, .09) -1.74  132.32 .08
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two-way and three-way interactions involving it
explained a significant proportion of variation in self-efficacy [F(19, 7831.40) = 4.70, p
<.001]. However, model fit did not sufficiently improve (see Table 39). Furthermore,
there were no significant main or interaction effects involving the new predictor (p =.20
- .64 for omnibus tests; p =.10 - .95 for pairwise comparisons). As a result, the more
parsimonious intermediate model will be substantively interpreted.

=-C'&8BIF>1+C@4SR&A@'24$6($; @"$56A&'$(63$0123+14+ $56216

F df p
Overall Model 4.70 (19, 7831.40) <.001
Main Effect of Time 6.89 (1, 1803.80) .01
Main Effect of Condition .11 (3, 13309.00) .95
Main Effect of EGS 1.62 (1, 128.24) .20
Time x Condition 2.25  (3,2259.30) .08
Time x EGS 22 (1, 185.71) .64
Condition x EGS .85 (3, 728.22) 46
Time x Condition x EGS 1.00 (3,761.07) .39

Note. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure.
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Estimate  SE 95% CI t df p
Intercept 3.51 24 (3.04, 3.99) 14.56 150.21 <.001
Covariates:
Calibration .30 14 (.03, .58) 2.18 60.10 .03
IM(curiosity) .35 15 (.07, .64) 243 95.80 .02
IM(independence) .16 13 (-.11, 42) 1.19 74.96 24
IM(challenge) .39 15 (.10, .69) 2.65 62.10 .01
Time x Condition:
G+Cvs. G -41 24 (-.89, .06) -1.72 138.62 .09
G+Cuvs. C 13 27 (-.40, .66) A48 136.99 .63
G+C vs. NF -44 24 (-.92, .03) -1.85 111.37 .07
Gvs.C .54 .30 (-.04, 1.13) 1.83 142.92 .07
G vs. NF -.03 .28 (-.58, .52) -11 104.66 91
C.vs. NF -.57 .30 (-1.16, .02) -1.93 121.53 .06
Time:
G+C .38 14 (.09, .65) 2.63 147.22 .01
G -.04 19 (-42, .34) -21 144.36 .83
C .50 .23 (.06, .95) 222 144.59 .03
NF -.07 .20 (-.46, .32) -.36 85.47 72
Condition (Anticipation):
G+Cvs. G 19 .38 (-.56, .94) .50 151.76 .62
G+Cuvs.C -.01 44 (-.88, .86) -.02 141.23 .99
G+C vs. NF -.01 37 (-.73, .71) -.03 142.68 .98
Gvs.C -.20 47 (-1.11, .72) -43 150.31 .67
G vs. NF -.20 40 (-1.00, .59) -50 148.50 .62
Cvs.NF .00 44 (-.88, .87) -.01 154.62 .99
Condition (Receipt):
G+Cvs. G -22 .38 (-.98, .54) -.58 147.57 .56
G+Cuvs. C 12 .37 (-.61, .85) 32 136.73 .75
G+C vs. NF -.45 .38 (-1.20, .29) -1.21 119.03 23
Gvs.C -.35 A7 (-1.27, .58) -74 145.74 46
G vs. NF -.23 42 (-1.07, .60) -55 113.61 .58
Cvs.NF -.58 46 (-1.49, .33) -1.26 127.97 21
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Estimate  SE 95% CI t df p
EGS -.54 42 (-1.37, .30) -1.27 95.00 21
EGS x Time -17 37 (-.90, .56) -.47 107.53 .64
EGS x Condition:
G+Cvs. G -.71 .64 (-1.98, .55) -1.11 109.51 27
G+Cvs.C -1.24 .92 (-3.07, .59) -1.34 111.97 18
G+C vs. NF -.10 .67 (-1.43,1.22) -.15 89.65 .88
Gvs.C -.53 1.01 -2.54,1.48 -.52 94.71 .60
G vs. NF .61 .81 (-1.00, 2.22) .76 56.19 45
C.vs.NF 1.14 97 (-.78, 3.05) 1.18 127.07 24
EGS x Time x Condition:
G+Cvs. G -.04 .64 (-1.31, 1.23) -.06 65.5 .95
G+Cvs. C 1.45 .87 (-.27, 3.18) 1.67 107.00 .10
G+C vs. NF .09 .60 (-1.11, 1.29) 15 104.56 .88
Gvs.C 1.49 .95 (-.39, 3.37) 1.58 83.67 12
G vs. NF 13 .65 (-1.16, 1.41) .20 126.81 .85
C.vs.NF -1.37 .92 (-3.18, .45) -1.49 110.48 14

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure, IM = intrinsic motivation,
G+C = grades plus comments condition, G = grades condition, C = comments condition,
NF =no feedback condition.
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Imputation Unconditional Intermediate Full
Model Model Model

1 AIC 1003.4 951.1 929.1
BIC 1005.1 952.8 930.8
2 AIC 1006.1 951.9 936.2
BIC 1007.8 953.6 937.9

3 AIC 1006.9 950.2 929.8
BIC 1008.6 951.9 931.5
4 AIC 1017.4 954.5 932.7
BIC 1019.0 956.2 9344

5 AIC 1009.7 961.9 944.6
BIC 10114 963.6 946.3

6 AIC 1011.6 947.0 922.7
BIC 1013.3 948.7 924 .4

7 AIC 1013.4 958.0 935.6
BIC 1015.0 959.7 937.3

8 AIC 1004.2 950.7 927.6
BIC 1005.9 952.4 929.3

9 AIC 1011.0 959.9 933.6
BIC 1012.6 961.6 935.3
10 AIC 1009.4 954.7 931.6
BIC 1011.1 956.4 933.3

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion.
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3.2.6 Fairness

Tables 40 through 44 provide complete results from each of the three nested
models, focusing on the fixed-effect parameter estimates pooled across all 10
imputations and the pooled omnibus F tests. Table 45 provides AIC and BIC fit statistics

from each imputation to compare across the models.

8"/"H"I$Y1,61A+2+61-'$BA&L'SH

The unconditional model revealed a pooled ICC of o = .29 at the student level
(Level 2) and o = .05 at the classroom level (Level 3). The student-level ICC suggests that
29% of the variation in fairness perceptions is explained by students and 5% is explained
by their math or science class. Both of these ICCs empirically suggest that a multilevel
modeling approach is necessary to account for the nested nature of the data. This model
also revealed a significant intercept [y = 3.60, t(154.72) = 38.19, p <.001, 95% CI (3.41,
3.78)]. That is, the average fairness rating among students in the sample was 3.60 on a
five-point scale.
=-C'&$¥#1366'8&ASR&A@'24$6($Y1,61A+2+61-'$56A&'$(63%;-+38 &44

Estimate SE 95% CI t df p

Intercept 3.60 .09 (3.41, 3.78) 38.19 154.72  <.001

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ perceptions of
assessment fairness [F(9, 13433.00) = 8.19, p <.001]. Controlling for the calibration
measure and students’ baseline assessment fairness rating, the main effect of Time was
significant [F(1, 3229) = 9.87, p <.01]. Reflecting a decline in students” perceptions of
assessment fairness from anticipation to receipt of performance feedback across all
conditions, this main effect was not qualified by a significant Time x Condition
interaction [F(3, 1195.60) = 1.18, p = .32, see Figure 6].

The pooled parameter estimates reveal two mean differences in fairness ratings
between conditions upon both anticipation and receipt of performance feedback. In
particular, students who anticipated no feedback perceived the target assessment as
significantly less fair than their peers who anticipated a grade accompanied by
comments [y =-.55, t(147.14) = -2.38, p = .02, 95% CI (-1.00, -.09)]. There was also a
marginally significant difference between students who anticipated no feedback and
those who anticipated being graded [y = -.49, t(148.44) =-1.89, p = .06, 95% CI (-1.00,
.02)]. These differences were more pronounced upon students’ receipt of feedback [y =
-.92, t(142.23) =-3.96, p <.001, 95% CI (-1.38, .-46) for the no feedback vs. grades plus
comments comparison; y = -.89, t(144.72) =-3.41, p <.001, 95% CI (-1.40, .-37) for the no

feedback vs. grades comparison]. Moreover, a significant difference in fairness ratings
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emerged between the no feedback and comments condition upon receipt of performance
feedback [y =-.73, t(147.86) = -2.48, p = .06, 95% CI (-1.30, -.15)]. Despite these group
differences, the omnibus test of the Condition main effect (at anticipation) did not reach
significance [F(3, 1616.70) = 2.09, p = .10].

$
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F df p
Overall Model 8.19  (9,13433.00) <.001
Main Effect of Time 9.87  (1,3229.00) <.01
Main Effect of Condition 2.09 (3, 1616.70) .10
Time x Condition 1.18 (3, 1195.60) 32

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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Estimate SE 95% CI ! df
Intercept 4.05 15 (3.76, 4.34) 27.26 147.70  <.001
Covariates:
Calibration -.04 .10 (-.24, .15) -44 63.22 .66
Fairness .38 .08 (.22, .53) 4.94 123.68  <.001
Time x Condition:
G+Cvs. G .03 23 (-.43, .48) A1 150.88 91
G+Cuvs.C -.03 .26 (-.55, .48) -13 150.56 .90
G+C vs. NF -.37 22 (-.82,.07) -1.66 135.20 .10
Gvs.C -.06 .29 (-.63, .52) -21 148.24 .84
G vs. NF -40 .25 (-.90, .10 -1.58 152.17 12
C.vs. NF -.34 .28 (-.90, .22) -1.20 149.19 .23
Time:
G+C -43 14 (-.70, -.16) -3.14 150.71 <.01
G -40 19 (-.77,-.04) -2.17 150.60 .03
C -46 22 (--90, -.02) -2.08 148.47 .04
NF -.80 17 (-1.14, -.46) -4.16 14156  <.001
Condition (Anticipation):
G+Cvs. G -.06 24 (-.54, 41) -.26 150.22 .79
G+Cuvs. C -.16 27 (-.70, .38) -.59 145.21 .55
G+C vs. NF -.55 .23 (-1.00, -.09) -2.38 147.14 .02
Gvs.C -.10 .30 (-.69, .49) -.33 148.09 74
G vs. NF -49 .26 (-1.00, .02) -1.89 148.44 .06
Cvs.NF -.39 .29 (-.95, .18) -1.35 157.43 18
Condition (Receipt):
G+Cvs. G -.04 24 (-.51, .44) -.15 154.05 .88
G+Cuvs. C -.20 27 (-.73, .34) -73 154.67 47
G+C vs. NF -.92 .23 (-1.38, -.46) -3.96 14223 <001
Gvs.C 16 .30 (-.43, .75) .54 152.18 .59
G vs. NF -.89 .26 (-1.40, -.37) -3.41 14472  <.001
Cvs.NF -73 .29 (-1.30, -.15) -2.48 147.86 .01

#3!%&or the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
G+C = grades plus comments condition, G = grades condition, C = comments condition,
NF =no feedback condition.
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two- and three-way interactions involving it explained
a significant proportion of variation in fairness [F (17, 7794.80) = 4.88, p <.001]. There
was an improvement in model fit resulting from inclusion of this predictor and its
interactions in the model. Furthermore, a significant main effect of Evaluation
Dimension was observed [F(1, 248.46) = 4.93, p = .03]. For these reasons, the full model
was statistically and substantively interpreted.

Holding all else constant in the model, students who perceived that the
evaluation climate in their classroom emphasized mastery and individual improvement
also perceived their assessments to be fairer [y =.76, t(116.07) = 2.22, p =.03, 95% CI (.08,
1.44)]. The main effect of Time remained significant in the full model [F(1, 2107.70) =
10.40, p <.01], reflecting a decline in students’ perceptions of assessment fairness from
anticipation to receipt of performance feedback across all conditions. Although there
was not a significant Time x Condition interaction in the full model [F(3, 3824.00) = 0.65,
p = .58], the simple slopes for grades plus comments and no feedback became
significantly different [y =-.26, t(114.19) =-1.11, p =.03, 95% CI (-.73, -.21)].

The pattern of group differences at anticipation and receipt of performance
feedback remained the same in the full model, despite the significance of some

comparisons changing. The mean difference in fairness ratings between the grades plus
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comments and no feedback conditions remained significant in the full model [y =-.61,
t(142.93) = -2.40, p = .02, 95% CI (-1.11, -.11) for anticipation; y = -.87, t(149.68) =-3.47, p
<.001, 95% CI (-1.37, -.37) for receipt]. While the marginally significant difference in
fairness ratings between the grades and no feedback conditions became nonsignificant at
anticipation of performance feedback, it remained significant at receipt in the full model
[y =-.80, t(138.01) =-2.82, p = .01, 95% CI (-1.37, -.24)]. However, the significant
difference between no feedback and comments conditions at receipt in the intermediate
model became marginally significant in the full model [y =-.59, t(143.07) =-1.85, p = .07,

95% CI (-1.21, .04)].
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F df p
Overall Model 4.88 (17,7794.80) <.001
Main Effect of Time 10.40 (1, 2107.70) <.01
Main Effect of Condition 2.01 (3, 9023.70) A1
Main Effect of EGS 4.93 (1, 248.46) .03
Time x Condition .65  (3,3824.00) .58
Time x EGS .35 (1, 616.64) .56
Condition x EGS 72 (3, 715,35 54
Time x Condition x EGS .81 (3, 1100.20) 49

Note. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure.
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Estimate SE 95% CI t df p
Intercept 4.11 17 (3.78, 4.44) 24.66 136.82  <.001
Covariates:
Calibration -.07 10 (-.28, .13) -70 64.65 49
Fairness 32 10 (.13, .52) 3.26 81.30 <.01
Time x Condition:
G+Cvs. G .08 .23 (-.38, .54) .34 150.21 74
G+Cuvs. C -.06 27 (-.58, .47) -21 136.37 .84
G+C vs. NF -.26 24 (-.73,-.21) -1.11 114.19 .03
Gvs.C -13 .29 (-.71, .45) -46 141.10 .65
G vs. NF -.34 .26 (-.86, .18) -1.29 150.21 .20
C.vs.NF -21 .29 (-.77, .36) -72 138.22 47
Time:
G+C -45 14 (-.73,-17) -3.23 148.30 <.01
G -37 19 (-.74, .00) -1.98 151.00 .05
C -51 23 (-.95, -.06) -2.24 134.92 .03
NF -71 18 (.13, .52) -3.86 81.30 <.01
Condition (Anticipation):
G+Cvs. G -.14 .26 (-.67,.39) -.55 147.07 .59
G+Cvs. C -22 .30 (-.83,.37) -75 136.39 46
G+C vs. NF -.61 .25 (-1.11, -.11) -2.40 142.93 .02
Gvs. C -.08 .33 (-.73, .56) -25 142.96 .80
G vs. NF -46 .28 (-1.02, .09) -1.64 146.77 .10
Cvs. NF -.38 31 (-1.00, .23) -1.23 155.49 22
Condition (Receipt):
G+Cvs. G -.07 .26 (-.59, .45) -25 150.53 .80
G+Cvs. C -.28 .30 (-.87,.30) -.95 152.35 34
G+C vs. NF -.87 .25 (-1.37,-.37) -3.47 149.68  <.001
Gvs.C 22 32 (-41, .85) .68 155.19 .50
G vs. NF -.80 .29 (-1.37, -.24) -2.82 138.01 .01
Cvs.NF -.59 32 (-1.21, .04) -1.85 143.07 .07
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Estimate SE 95% CI t df p
EGS .76 .34 (.08, 1.44) 2.22 116.07 .03
EGS x Time -21 .35 (--90, .49) -.59 135.36 .56
EGS x Condition:
G+Cvs. G -.50 .52 (-1.54, .53) -.96 106.85 .34
G+Cvs. C .26 .79 (-1.31, 1.84) .33 81.91 74
G+C vs. NF -.60 .54 (-1.67, .46) -1.12 94.48 .26
Gvs.C 77 .83 (-.89, 2.42) 92 86.81 .36
G vs. NF -10 .59 (-1.27, 1.07) -17 104.94 .87
C.vs.NF -.87 .85 (-2.56, .83) -1.02 74.71 31
EGS x Time x Condition:
G+Cvs. G -17 .57 (-1.31, .96) -.31 125.36 .76
G+Cvs. C -1.13 .83 (-2.78, .52) -1.36 131.27 18
G+C vs. NF -.64 .61 (-1.85, .57) -1.05 88.90 .30
Gvs.C -.96 .90 (-2.74, .83) -1.06 110.03 .29
G vs. NF -.46 .69 (1.83,.90) -.68 79.99 .50
C.vs.NF A48 .89 (-1.27, 2.25) .55 123.40 .58

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure, G+C = grades plus comments
condition, G = grades condition, C = comments condition, NF = no feedback condition.
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Imputation Unconditional Intermediate Full
Model Model Model

1 AIC 919.6 866.0 847.7
BIC 921.3 867.7 849.4
2 AIC 926.7 867.1 844.1
BIC 928.4 868.8 845.8

3 AIC 918.3 863.4 852.4
BIC 920.0 865.1 854.1
4 AIC 915.1 854.6 843.3
BIC 916.8 856.3 845.0

5 AIC 915.2 862.7 838.9
BIC 916.9 864.4 840.6

6 AIC 935.0 876.4 863.7
BIC 936.7 878.1 865.4

7 AIC 922.9 863.5 847.0
BIC 924.6 865.2 848.7

8 AIC 926.3 868.2 844.5
BIC 927.9 869.8 846.2

9 AIC 912.2 853.0 834.9
BIC 913.9 854.7 836.6
10 AIC 918.9 871.6 856.8
BIC 920.6 873.3 858.5

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion.
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3.2.7 Time Spent Studying

Tables 46 through 50 provide complete results from each of the three nested
models, focusing on the fixed-effect parameter estimates pooled across all 10
imputations and the pooled omnibus F tests. Table 51 provides AIC and BIC fit statistics

from each imputation to compare across the three models.
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The unconditional model revealed a pooled ICC of o = .72 at the student level
(Level 2) and o = .02 at the classroom level (Level 3). The student-level ICC suggests that
72% of the variation in time spent studying is explained by students and 2% of the
variation is explained by their math or science class. This model also revealed a
significant intercept [y = 3.27, £(156.23) = 45.07, p <.001, 95% CI (3.13, 3.42)]. That is, the
average study time rating among students in the sample was 3.27 on a five-point scale.

$
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Estimate ~ SE 95% CI t df p

Intercept 3.27 .07 (3.13, 3.42) 45.07 156.23 <.001

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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The Time and Condition fixed-effect predictors, their interaction, and covariates
together explained a significant proportion of variation in students’ time spent studying
[F(9, 2274.40) =17.17, p <.001]. However, after controlling for the calibration measure
and students’ baseline time spent studying, the effects of Time, Condition, and their
interaction were all nonsignificant [F(1, 228.19) = 1.14, p = .29 for main effect of Time; F(3,
1425.90) = .17, p = .92 for main effect of Condition; F(3, 2318.50) = .84, p = .47 for their
interaction, see Figure 7]. The pooled parameter estimates were largely consistent with
these omnibus tests, with only a significant increase in time spent studying for students
anticipating and then receiving grades [y = .24, t(140.15) = 2.20, 95% CI (.02, .46), p = .03)].

$
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F df p
Overall Model 1717 (9, 2274.40) <.001
Main Effect of Time 1.14 (1, 228.19) .29
Main Effect of Condition .17 (3, 1425.90) .92
Time x Condition .84 (3,2318.50) 47

Note. SE = standard error, CI = confidence interval; df = degrees of freedom.
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Estimate SE 95% CI t df p
Intercept 3.18 .09 (3.01, 3.35) 36.69 119.09 <.001
Covariates:
Calibration .01 .08 (-.15, .17) 14 34.57 .89
TSS .64 .06 (.53, .76) 11.13 53.50 <.001
Time x Condition:
G+Cvs. G 15 14 (-12, .43) 1.09 124.48 .28
G+Cvs. C .07 16 (-.23, .39) 49 130.63 .63
G+C vs. NF -.08 13 (-.35, .19) -.59 117.94 56
Gvs. C -.08 17 (-42, .26) -.45 147.11 .65
G vs. NF -.23 15 (-.54, .08) -1.51 122.83 13
C.vs.NF -.16 17 (-.50, .18) -91 119.10 .37
Time:
G+C .09 .08 (-.07, .26) 1.07 113.70 29
G 24 A1 (.02, .46) 2.20 140.15 .03
C 17 13 (-.10, .43) 1.25 131.29 22
NF .01 A1 (-.20, .23) .10 93.03 92
Condition (Anticipation):
G+Cvs. G .06 15 (-.24, .35) .39 112.52 .70
G+Cvs. C .00 16 (--33, .32) -.02 126.05 .98
G+C vs. NF .09 14 (-.19, .37) .63 112.30 .53
Gvs.C -.06 19 (-43, .31) -.33 111.83 74
G vs. NF .03 17 (--31, .37) 18 85.21 .86
Cvs. NF .09 17 (-.24, .43) 54 146.95 .59
Condition (Receipt):
G+Cvs. G 21 15 (--09, .51) 1.40 100.39 17
G+Cvs. C .08 16 (--25, .40) 44 123.15 .66
G+C vs. NF .00 14 (--28, .30) .07 94.00 .95
Gvs.C 14 18 (--22, .50) .76 124.99 45
G vs. NF -.20 17 (--53, .13) -1.22 93.69 22
Cvs.NF -.06 18 (-41, .29) -.36 125.62 72

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
TSS = time spent studying, G+C = grades plus comments condition, G = grades condition,
C = comments condition, NF = no feedback condition.
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The model adding the evaluation dimension of classroom goal structure as a
predictor along with all possible two-way and three-way interactions involving it also
explained a significant proportion of variation in time spent studying, F (17, 4623.20) =
9.39, p <.001. However, model fit did not improve (see Table 51). Furthermore, there
were no significant main or interaction effects involving the added predictor (p =.12 -
.75). As a result, the more parsimonious intermediate model will be substantively
interpreted. To facilitate interpretation of the significant Time x Condition interactions
and their comparison with the nonsignificant ones like for time spent studying, each is
graphed at the end of this section.
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F df p
Overall Model 9.39 (17, 4623.20) <.001
Main Effect of Time 1.36 (1, 181.87) 24
Main Effect of Condition .19 (3, 1414.30) .90
Main Effect of EGS 32 (1,990.41) .57
Time x Condition 47 (3,1750.90) .70
Time x EGS .30 (1,299.81) .59
Condition x EGS 92 (3, 542.79) 43
Time x Condition x EGS 1.15 (3, 781.59) 33

Note. SE = standard error, CI = confidence interval; df = degrees of freedom,
EGS = evaluation dimension of classroom goal structure.
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Estimate SE 95% CI t df p
Intercept 3.19 .09 (3.02, 3.36) 35.72  120.01 <.001
Covariates:
Calibration .02 .09 (-.17, .21) .20 28.08 .84
TSS .64 .06 (.52,.75) 10.88 5495  <.001
Time x Condition:
G+Cvs. G .10 15 (-.19, .39) 70 114.42 49
G+Cuvs. C .06 .16 (-.26, .37) 36 129.01 72
G+C vs. NF -.08 14 (-.36, .20) -55 10391 .59
Gvs.C -.04 17 (-.38, .30) -26  149.93 .80
G vs. NF -.18 .16 (-.50, .14) -1.11  108.34 27
C. vs. NF -13 17 (-.48, .21) -78 12597 44
Time:
G+C .10 .09 (-.07, .27) 117  106.87 .25
G .20 12 (-.02, .43) 1.77  123.82 .08
C 16 13 (-.11, .43) 1.18  131.64 .23
NF .02 A2 (-.21, .25) 21 78.46 .83
Condition (Anticipation):
G+Cvs. G .08 15 (-.23, .39) 51 105.23 .61
G+Cuvs. C .00 17 (-.33, .33) -03 12245 .98
G+C vs. NF .09 15 (-.20, .38) .61 114.39 .55
Gvs.C -.08 19 (-.46, .30) -44  105.70 .66
G vs. NF .01 17 (-.34, .35) .05 88.55 .96
Cvs. NF .09 17 (-.25, .43) .54 15557 .59
Condition (Receipt):
G+Cvs. G -.38 31 (-1.00, .24) -1.22 152.60 .23
G+Cuvs. C A2 .37 (-.61, .85) 32 136.73 .75
G+C vs. NF -55 .32 (-1.18, .09) -1.71  102.95 .09
Gvs.C -50 .39 (-1.27, .27) -1.29  152.07 .20
G vs. NF -.16 .35 (-.86, .54) -46  119.24 .64
Cvs. NF -.67 .38 (-1.42, .09) -1.74  132.32 .08
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Estimate  SE 95% CI t df p
EGS 12 22 (--31, .55) .57 141.71 .57
EGS x Time 12 21 (--30, .53) .54 120.95 .59
EGS x Condition:
G+Cvs. G -.54 .39 (1.31, .23) -1.41 67.30 .16
G+Cvs. C .20 .54 (-.87,1.26) .37 95.83 71
G+C vs. NF -.25 .38 (-.99, .50) -.66 91.36 .51
Gvs.C 74 .57 (--39, 1.87) 1.30 93.77 .20
G vs. NF .30 42 (--53,1.12) 71 86.18 A48
C.vs. NF -44 .59 -1.63, .74 -.75 72.9 46
EGS x Time x Condition:
G+Cvs. G .38 .36 (-.34, 1.09 1.05 83.37 .30
G+Cvs. C -43 .50 (-1.42, .58) -.84 113.88 40
G+C vs. NF -.25 .35 (-.94, .44) -71 111.16 48
Gvs.C -.80 .55 (-1.89, .30) -1.45 87.06 15
G vs. NF -.63 40 (-1.42, .17) -1.57 87.46 12
C.vs.NF 17 .55 (--92, 1.26) .32 94.37 .75

Note. For the Condition pairwise comparisons, the first condition listed is the

reference group. SE = standard error, CI = confidence interval; df = degrees of freedom,
TSS = time spent studying, EGS = evaluation dimension of classroom goal structure, G+C =
grades plus comments condition, G = grades condition, C = comments condition, NF = no
feedback condition.
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Imputation Unconditional Intermediate Full
Model Model Model

1 AIC 709.4 600.8 594.7
BIC 711.1 601.9 595.9
2 AIC 711.5 595.8 595.9
BIC 713.2 596.8 597.1

3 AIC 722.9 610.6 610.6
BIC 724.6 611.8 611.7
4 AIC 707.5 608.7 605.8
BIC 709.2 609.8 606.9

5 AIC 707.5 612.3 611.4
BIC 709.2 613.4 612.6

6 AIC 724.3 619.2 616.1
BIC 726.0 620.3 617.2

7 AIC 705.7 583.9 585.1
BIC 707.4 585.0 586.2

& AIC 708.6 607.2 602.6
BIC 710.3 608.4 603.7

9 AIC 712.0 600.5 597.3
BIC 713.7 601.7 598.5
10 AIC 710.8 604.6 605.2
BIC 712.5 605.7 606.3

Note. AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion.
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4. Discussion

Guided by three interrelated goals, this dissertation investigated the impact of
performance feedback on secondary school students” academic motivation in math and
science. Through a novel methodological paradigm, I sought to disentangle the
influence of performance feedback from the valence associated with receiving it. Doing
so revealed how different stages of an assessment event dynamically influence academic
motivation during a critical period of its development and often decline (Eccles et al.,
1993). Results provide a complex picture of how academic motivation fluctuates during
an assessment event and in reaction to the anticipation or receipt of performance
feedback. This section begins by reviewing how the stage and form of performance
feedback influence each study outcome along with interpretations of these promising
findings. Inext identify some of their theoretical, methodological, and practical
implications, followed by an overview of study limitations and recommendations for

future research.

4.1 Interpretations of Findings

As expected, results revealed several interactions between the stage of
assessment and form of feedback students first anticipated then received. However, the
nature of these interactions often differed from hypotheses. Findings suggest that mean
differences in motivation at anticipation and receipt of performance feedback do not tell

the whole story, with patterns over time emerging for the forms of feedback tested in
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this study. This section describes and interprets these findings for each outcome

separately.

4.1.1 Self-Efficacy

The current study was the first to directly test how grades, comments, and their
combination influence students’ self-efficacy, despite longstanding arguments that
feedback of this kind is the most direct way of communicating competence information
to students (Schunk et al., 2008). As expected, performance feedback differentially
influenced students’ self-efficacy based on the stage of assessment. However, the
precise nature of this interaction diverged from hypotheses. In particular, results
revealed a significant decline in self-efficacy from students’ anticipation to receipt of
grades accompanied by comments. Students assigned to the other feedback conditions
did not experience a decline. This finding is somewhat surprising, especially since
students who anticipated and received comments were expected to report the highest
self-efficacy. Perhaps students who received both grades and comments felt
overwhelmed by the sheer amount of feedback they received. These students may have
reasoned that the abundance of feedback indicated poor performance, especially if its

quantity was more than usual.

4.1.2 Performance-Approach Goal Orientation

Both research (e.g., Pekrun et al., 2014; Pulfrey et al., 2011) and theory (e.g.,

Ames, 1992; Anderman et al., 2010) suggest that students’ performance-approach goal
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orientation should be influenced by different forms of performance feedback. Findings
from the current study corroborate this prediction. Like self-efficacy, however, the
specific pattern of findings was inconsistent with hypotheses. While students in the
grades plus comments and grades conditions did not experience a change in their
performance-approach goal orientation over time, students in the comments and no
feedback conditions reported an increase in their performance-approach goal orientation
across stages of the assessment. The increase was particularly pronounced for students
who did not receive feedback. Given the social comparative nature of grades (e.g.,
Pulfrey et al., 2011), students in the ungraded groups were not expected to be the ones
who experienced this increase.

Two questions arise from this pattern of findings. First, why did students
receiving grades not experience an increase in their performance-approach goal
orientation? An explanation may be found in current controversies surrounding this
construct (Senko et al., 2011). While some researchers define performance-approach
goal orientation as a focus on demonstrating competence (e.g., Grant & Dweck, 2003;
Kaplan & Maehr, 2007), others do so as a focus on outperforming peers (e.g., Elliot,
2005). These overlapping yet distinct conceptualizations reveal themselves in popular
measures of goal orientations, with items in some scales reflecting the former (e.g.,
Midgley et al., 2000) and others reflecting the latter (e.g., Elliot & McGregor, 2001).

Expecting that the social comparative nature of grades would lead to a greater
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endorsement of a performance-approach goal orientation is more compatible with a
definition focused on outperforming peers. However, the scale used to measure
performance-approach goal orientation in this study instead emphasized demonstrating
competence (Midgley et al., 2000). Perhaps students who received grades or grades
accompanied by comments would have experienced an increase in their performance-
approach goal orientation if the current study had instead used a scale that
operationalized this construct in terms of outperforming others. Recent studies
measuring performance-approach goal orientation in terms of outperforming others
partially support this assertion, with one reporting that it was significantly impacted by
grades (Pekrun et al., 2014) yet another failing to find evidence for this relationship
(Pulfrey et al., 2011).

Second, why did students in the comments and no feedback conditions
experience an increase in their performance-approach goal orientation from anticipation
to receipt of feedback? Considering the broader, summative assessment context helps
make sense of this unexpected finding. In particular, performance on the target
assessment still counted toward students’ course grade even if they received only
comments or no feedback. As a result, students in these conditions may have sought but
not found unambiguous quantitative information indicating their performance in the
course. Perhaps a failure to receive this feedback left students with a heightened

subsequent desire to demonstrate their competence to teachers.
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4.1.3 Performance-Avoidance Goal Orientation

The most surprising results regarding students’ performance-avoidance goal
orientation in the current study are its lack of significant effects. Except for covariates,
none of the variables hypothesized to influence this outcome ultimately did so. These
results are inconsistent with previous research, which suggests that the anticipation of a
grade compared to both no feedback and comments produces a greater endorsement of
a performance-avoidance goal orientation (Pulfrey et al., 2011). However, the broader
goal structure of the participating school may partially explain the absence of significant
findings in the current study. In particular, anecdotal comments from students,
teachers, and administrators coupled with low baseline ratings of performance-
avoidance classroom goal structure and personal goal orientation suggest that students
at the participating school generally do not approach coursework attempting to avoid
appearing incompetent or perceive their academic context as promoting this orientation.
It is thus possible that the school climate buffered an impact of performance feedback
that would have been observed in another context. As a result, it would be informative
for researchers to explore the same questions within a school climate different from this

one to determine whether the effects differ.

4.1.4 Mastery Goal Orientation

Consistent with previous research suggesting that the effect of performance

feedback on students” mastery goal orientation is less pronounced (e.g., Butler, 2006;
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Pekrun et al., 2014), the current study found no change in this construct from
anticipation to receipt of performance feedback for students in the no feedback, grades,
and comments conditions. However, results revealed an increase in students” already
strong endorsement of a mastery goal orientation when they anticipated and later
received grades accompanied by comments. This finding is partially supported by a
previous study (Butler, 1987), where students who received a comment reported the
highest levels of task-involved (i.e., mastery) attributions compared to those who
received a grade, no feedback, or praise. Findings from both Butler (1987) and the
current study can likely be explained not simply by the presence of comments but rather
by the task-focused nature of them, which a meta-analysis (Koenka et al., in preparation)
suggests is particularly beneficial for academic motivation. However, it is surprising
that students who received only comments in the current study did not experience a
similar increase in their endorsement of a mastery goal orientation. Future research
should continue to compare the motivational consequences of comments and grades
accompanied by comments, especially given the relative paucity of these comparisons in
the extant literature (with some notable exceptions, e.g., Butler, 1988; Pulfrey et al.,

2011).

4.1.5 Intrinsic Motivation

Despite different effects of performance feedback on mastery goal orientation

among students who received grades and comments together versus solely a comment,
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students in these two feedback conditions experienced a similar effect on their intrinsic
motivation. In particular, both groups of students reported significantly higher intrinsic
motivation when they received feedback from teachers on the target assessment
compared to when they only anticipated it. However, students who received grades or
no feedback did not experience such an increase in their intrinsic motivation over time.
Although the nature of this feedback stage by condition interaction diverged from
hypotheses, its effect in the current study is consistent with both previous research (e.g.,
Butler & Nisan, 1986) and theory (Ryan & Deci, 2000). According to self-determination
theory, the receipt of a grade — representing an external reward — should threaten
autonomy and thereby result in lower intrinsic motivation. Comments, on the other
hand, should not pose the same threat to this basic human need. The observed increase
in intrinsic motivation experienced by students in the grades plus comments condition

suggests that the latter form of feedback may buffer the detrimental effects of the former.

4.1.6 Fairness

A consistent pattern of findings emerged for students’ perceptions of assessment
fairness across stages and forms of feedback. Supporting study hypotheses, students in
the no feedback condition reported lower fairness ratings than students receiving
grades, comments, or their combination at anticipation and especially receipt of

performance feedback. Regardless of feedback condition, students perceived their
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assessment experience to be significantly less fair after receiving (or failing to receive)
performance feedback compared to when they only anticipated it.

It is unsurprising that students who did not receive performance feedback rated
the assessment as significantly less fair than students who did in some form. Given the
summative evaluation context, students knowing that the assessment would count
toward their course grade without receiving information about their performance on it
could be anxiety provoking or even angering. Furthermore, receiving no indication of
how to improve on future assessments may also have contributed to lower fairness
ratings. Participating students’ common, spontaneous reaction to the news that they
would not receive feedback on the target assessment (e.g., “But how will we improve?”)
supports this possible explanation of findings. The finding that students’ fairness
ratings declined upon the receipt of their feedback (or lack thereof) across conditions is
consistent with previous studies, which suggest that students often perceive the way
they are evaluated as unfair (e.g., Nesbit & Burton, 2006). Future research should
continue exploring strategies to prevent these arguably maladaptive perceptions from
developing.

4.1.7 Time Spent Studying

With one exception, no differences between or change within feedback

conditions emerged for students’ time spent studying. In particular, students in the

grades condition reported significantly more time spent studying after receiving
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performance feedback compared to when they anticipated it. There are two possible
explanations for the surprising lack of simple mean or slope differences beyond this
effect. First, perhaps how students study rather than how much they study is
susceptible to variations in performance feedback. Second, frequent questions raised by
students while completing this survey item suggest that many were unaware of
precisely how long they spend studying for an assessment. It is thus possible that time
spent studying is indeed influenced by variations in performance feedback, but the

current study failed to capture it.

4.1.8 Classroom Goal Structure Moderator

Contrary to hypotheses, findings provided no evidence that the evaluation
dimension of classroom goal structure moderates the motivational impact of
performance feedback. Two possibilities could account for this surprising result. First is
compromised statistical power at the class level. Simulation studies suggest that the
current study’s sample size permits valid inferences from fixed-effect parameters (e.g.,
see Hoyle & Gottfredson, 2014 for a review). However, tests of the hypothesized three-
way interaction effects were very likely underpowered.

Second, it is possible that students” perceptions of the evaluation climate
moderate the effect of performance feedback on academic motivation, but they do so at a
different contextual level than was measured in the current study. In particular, the

debriefing sessions and data collection revealed a clear and pervasive grade-focused
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mindset among students. However, this climate appeared more pronounced at the
school- rather than class-level. As a result, perhaps the evaluation context within a
school interacts with variations in performance feedback to influence academic

motivation. Future research with larger class- and school-level sample sizes should

investigate this possibility.

4.2 Implications

Several theoretical, methodological, and practical implications emerge from the
findings both within and across outcomes. First and perhaps foremost theoretically,
results of this study suggest that students’ self-efficacy plays an important role in the
complex relation between performance feedback and progress through an assessment
event. Evidence of this relation is important given that no prior research has directly
measured the impact of grades, comments, or their combination on self-efficacy (Koenka
et al., in preparation). In particular, the decline in self-efficacy only among students who
anticipate and later receive grades accompanied by comments indicates that it is an
important construct to consider in theoretical models of performance feedback and
academic motivation. Future studies should continue to investigate the specific role of
self-efficacy in this model and its relation with other constructs as either a mediator or
outcome.

A second theoretical implication arises from the current study’s no feedback

condition and its motivational effects. In particular, results suggest that anticipating and
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receiving no performance feedback within a summative assessment context leads to
suboptimal outcomes relative to other feedback conditions. For example, students in the
no feedback condition felt that they were evaluated less fairly than students who
received feedback of any kind. These students also reported an increased endorsement
of a performance-approach goal orientation from anticipating to receiving no feedback.
In comparison, students who received either grades accompanied by comments or
comments alone generally experienced more motivationally adaptive effects.

These findings are theoretically important because students in no feedback
conditions are often expected to experience greater motivational benefits than their
graded peers (e.g., Butler & Nisan, 1986; Butler, 1987). From a self-determination
theoretical perspective, for example, no feedback contexts do not contain an external
reward the way graded ones do. As a result, intrinsic motivation should remain
constant or even improve when no feedback is anticipated and received (Ryan & Deci,
2000). However, grades are still a looming reality within summative assessment
contexts regardless of the particular form of feedback that is provided to students. The
interaction between withholding feedback and the broader summative assessment
context may thus create a perfect storm rather than an opportunity for academic
motivation to flourish. These findings in addition to previous ones (e.g., Butler & Nisan,
1986; Butler, 1987; Hughes et al., 1985; Pekrun et al., 2014) suggest that a finer distinction

is needed among no feedback conditions, with hypotheses modified in light of them.
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Specifically, researchers should consider (1) whether students” anticipating and
receiving no feedback occurs in a summative or formative assessment context and (2) the
reason for not providing students with performance feedback (i.e., an absence of
feedback because the assessment task is not being evaluated or because feedback is
being withheld). These dimensions create unique feedback contexts that result in
distinct theoretical predictions about the motivational benefits or detriments of not
receiving feedback on an assessment.

Moreover, the current study identified two essential methodological implications
for researchers to incorporate in the future. First and simply, the stage of an assessment
event matters. The current study was the first to measure academic motivation
following both the anticipation and receipt of performance feedback, reflecting
theoretical arguments about how motivation fluctuates over even brief durations of time
in response to contextual cues (Bernacki, Nokes-Malach, & Aleven, 2015). In fact, a
change in students” motivation across the assessment event was among the most robust
findings of the current study. For example, students anticipating grades accompanied
by comments or comments alone experienced a significant increase in intrinsic
motivation upon receipt of this feedback. Conclusions from previous studies should
thus be re-interpreted in light of the novel finding that students’ level of academic
motivation does not remain stable across different stages of feedback (i.e., anticipation

vs. receipt). This consistent finding across motivation outcomes also suggests that they
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should be measured multiple times during an assessment event and feedback process in
order to most accurately understand their effects.

Second, measuring students” academic motivation at both anticipation and
receipt of performance feedback in the current study attempted to disentangle the form
of performance feedback from its valence (Butler, 2006). However, this novel paradigm
was offset by limited reporting of students’ prior and current achievement. In addition
to measuring academic motivation at both stages of feedback, it also appears that
directly measuring students’ performance on the assessment and how satisfied they are
with its outcome is critical. Therefore, future studies aiming to further disentangle how
performance feedback influences academic motivation apart from its valence should
incorporate these two variables. In doing so, researchers could either control for their
influence or explore how they moderate the motivational impact of performance
feedback.

The current study’s findings also have three main implications for education
practice. Notably, the anticipation and later receipt of grades accompanied by
comments yielded the most adaptive motivation outcomes. Upon receiving this form of
feedback, students reported higher levels of intrinsic motivation and more strongly
endorsed a mastery goal orientation. Taken together, these findings suggest that it is
worthwhile for educators to accompany grades with evaluative comments of the kind in

this study. For example, doing so appears to buffer the motivationally detrimental
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effects of providing students with only a grade (e.g., Butler, 1987; Koenka et al., in
preparation).

Despite these motivational benefits, receiving grades and comments together
also led to a decline in students’ self-efficacy. Another tentative implication for
education practice emerges as a result, namely that more feedback may not always be
better. In particular, students receiving grades and comments may feel overwhelmed by
the sheer amount of feedback on their returned assessments. Future research would
thus benefit from exploring how the motivational impact of grades accompanied by
comments differs based on the amount of feedback.

The relatively less adaptive motivational effects of not receiving performance
feedback provide a final implication for education practice: abolishing grades, as some
advocates of reform recommend (Kohn, 1999), is not a panacea. Instead, providing
students with motivationally optimal performance feedback requires a more multi-
faceted solution. While removing grades altogether might result in the greatest
motivational benefits if students never experience their consequences, findings from the
current study suggest that withholding grades within a broader summative assessment
context can do more harm than good. Educators should thus consider these contextual

complexities before moving forward with a performance feedback strategy.
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4.3 Limitations

Despite novel contributions and important implications of the current study, its
findings should be interpreted in light of four main limitations. First, participating
students attended an academically selective private school and were extremely high
achievers overall. Although their performance on the target assessment was not
formally measured, most students were unlikely to have received an unsatisfactory
outcome. Therefore, the extent to which findings would generalize to a low-achieving
or more academically diverse population is unclear. Second, the current study consisted
entirely of female students. Especially given differences in the feedback teachers
spontaneously deliver to boys versus girls (e.g., Dweck, 1973), the generalizability of
findings to male students may be limited.

Third, it is possible that differences between math and science may have
moderated the impact of performance feedback, with research demonstrating
motivational differences between these academic domains (Gottfried, Fleming, &
Gottfried, 2001). However, I was unable to investigate this possibility due to a critical
confound between the academic domain and stakes of the target assessment. That is, the
target assessment for most participating science classes was considerably lower stakes
than participating math classes. Future studies should attempt to control for the stakes
of target assessments to explore whether domain differences moderate the motivational

consequences of performance feedback.
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Fourth, there was no formal measure of treatment fidelity in the current study.
However, several safeguards were implemented to minimize the occurrence of fidelity
errors or contamination across conditions. For example, I met individually with each
teacher at least once to provide detailed written and verbal instructions for their role in
the study. In addition, teachers read a standardized script when delivering the feedback
manipulation to their class and I observed all manipulation deliveries. Despite these
and many additional safeguards, however, I was unable to gain access to the feedback
teachers provided prior to students’ receipt of it. As a result, it is possible that fidelity

errors occurred for which I could not account.

4.4 Directions for Future Research

The current study’s findings, implications, and limitations together offer
promising directions for future research. Previous primary research (e.g., Butler, 1987;
Pekrun et al., 2014; Pulfrey et al., 2013), a meta-analysis (Koenka et al., in preparation)
and the current study consistently demonstrate important differences in how academic
motivation constructs are influenced by performance feedback. Therefore, a valuable
next step would be to explore how these effects relate to each other within a single
statistical model that can accommodate multiple mediators and outcomes (e.g., through
structural equation modeling; Hoyle, 2011). Doing so could contribute nuanced and
novel insight into the dynamic influence of performance feedback across an assessment

event and on multiple motivation constructs during it. Moreover, incorporating
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multiple motivation outcomes could provide a clearer picture of how theoretical
perspectives within the academic motivation literature cross-pollinate to explain the
effects of performance feedback.

In addition, future research should devote more attention to potential
mechanisms of the relation between performance feedback and academic motivation.
Two studies conducted by Pulfrey and colleagues (Pulfrey et al., 2011; Pulfrey et al.,
2013) suggest that autonomy mediates the impact of (1) grades and no feedback on
continuing motivation and interest (Pulfrey et al., 2013) and (2) all four forms of
feedback on students” performance-avoidance goal orientation (Pulfrey et al., 2011).
Beyond these findings, however, very little is known about mechanisms underlying the
motivational consequences of performance feedback. One construct that might be
particularly important to consider is relatedness (i.e., a sense of interconnectedness),
which helps maintain intrinsic motivation according to self-determination theory (Ryan
& Deci, 2000). Findings from the current study that intrinsic motivation increased
following the receipt of a grade and comment or comment alone suggests that
relatedness could be at least partially responsible for this outcome. In particular, the
personalized nature of comments should increase students” perception of relatedness
with their teacher, especially given its well-documented relation with academic
engagement (e.g., Furrer & Skinner, 2003). Testing this tenet of self-determination

theory as a mediator of the relation between different forms of performance feedback
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and intrinsic motivation would provide further support for the utility of self-
determination theory to explain the motivational effects of performance feedback.
Finally, the current study contributed a novel paradigm that enables researchers
to disentangle a frequent confound in the existing literature. Doing so provides a
methodological foundation for future studies to build upon. With this paradigm in
place, researchers can systematically explore how contextual (e.g., the school-level goal
structure), individual difference (e.g., achievement), and feedback-related (e.g., type of
comment) variations influence the impact of performance feedback on academic

motivation.

4.5 Conclusion

The salience, prevalence, and consequences of feedback students receive on their
academic performance have led to widespread interest in assessment outcomes. Despite
the frequency and high stakes of performance feedback, a clear picture of how it
influences academic motivation has failed to emerge. An innovative paradigm testing
this question revealed important insights about the differential change in motivation
constructs across stages and forms of performance feedback. In doing so, the paradigm
revealed that motivational consequences of performance feedback are dynamic and
multifaceted. From these findings, the current study can inform education practice and
theoretical perspectives on academic motivation while providing a promising

springboard for future research.
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Appendix A
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Why Grades Matter:
An Investigation of Performance Feedback, Classroom Goals,
and the Motivational Consequences of their Dynamic Interplay

What is the study’s goal?

I To investigate how and why anticipated performance feedback, in the form of a mark, evaluative
comment, or combination of the two, influences students’ academic motivation and subsequent
performance.

What classroom procedure will be varied?

I Grade 7, 8, and 9 students in their math and science classes will be told to anticipate one of the following
four types of feedback on an upcoming assessment: (1) a mark in the form of the percentage correct; (2)
a comment; (3) both a mark and a comment; (4) or no feedback.

What types of feedback should students expect to receive?

! Shortly after completing the assessment, students will receive a percentage mark, a one- to two-sentence
comment evaluating the quality of their work, a combination of these two different forms of feedback, or

no feedback on their performance.

What about students will be measured?

! Academic motivation. Students will be asked to complete questions to capture their beliefs about their
math and science abilities and their reasons for pursuing math- and science-related academic tasks.

I Perceptions of classroom goals. Students will be asked to complete a questionnaire to capture their
beliefs about the academic behaviors that are most encouraged by the teacher of their math or science
class.

! Performance expectation. Students’ own appraisal of the quality of their performance immediately
following the assessment will be measured.

! Academic performance. Students’ performance on the assessment will be measured.

What will be asked of teachers?

! Help with the distribution and collection of consent forms.

! Attend a brief session to receive information on how to communicate with students about the feedback
they will receive.

! Communicate to their students that they will receive one of the above four types of feedback on an
upcoming assessment.

! Deliver the appropriate feedback (or lack thereof) to their students after following assessment
completion.

What are the benefits of the study?

I This study will help educators learn what is the best type of feedback to give students.

I This study will also apply a real-world test to theories of performance feedback, growth mindset,
student motivation and the antecedents to strong academic performance.

! The results of this study will be highlighted in information sessions to interested members of the
participating schools’ communities.

I Workshops will be offered to students on the research process and on pursuing a career in the social
sciences.

1of2
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Proposed study and approximate timeline:

LATE SEPTEMBER 2014

Distribute and collect
consent forms

Students complete
initial survey

EARLY OCTOBER 2014

- Students assigned to
feedback condition

-Students complete
motivation survey

MID OCTOBER 2014

- Students receive
feedback

- Students complete
motivation survey

SPRING 2015

- Report study
findings

- Information session
for members of the

participating schools’

- Students assessed communities

Late September 2014: Teachers will distribute the parental consent forms to students. Shortly
afterwards, surveys will be given to all consenting students enrolled in a math or science course or
courses in grades 7 through 9. This 30-minute survey will ask students about their background,
perceptions of their classroom goal structure, and their academic motivation.

Early October 2014: Teachers will tell students that they should anticipate receiving one of four forms of
feedback on an upcoming assessment. All students will then complete a 15-minute motivation survey
immediately after receiving this information. One week later, students will take this assessment.

Mid October 2014: Students will receive their anticipated type of feedback based solely on the quality of
their performance as determined by the teacher. Immediately afterward, students will again complete
the 15-minute survey.

The total time anticipated for students to complete all surveys is 60 minutes. The total time anticipated
for teachers to (1) attend the information session and (2) communicate with the students about the

feedback is also 60 minutes.

Contact information:

Alison C. Koenka, M.A., Developmental Psychology
Department of Psychology and Neuroscience

Duke University
417 Chapel Drive
Durham, NC
27708-0086

alison.koenka@duke.edu

(919) 357.4760

141



Appendix B

V&>6B3-?F+,$@&42+619-7&$" B

$

Instructions: Please answer the questions below.

What is your grade in school?

Grade 7[ |
Grade 8 [ |
Grade9[ |

How old are you?

Instructions: Please check the box that is true of you.
What is your ethnicity?

African-Canadian [ ]

Asian[ ]

Asian-Canadian [ ]

Hispanic [ ]

White [ ]

Other (specity)
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Instructions: Please answer the questions below in percentage form.

1. What is your average mark so far in this class?

2. What was your average mark in your math class during the 2013-2014 academic
year?
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Instructions: The following questions are about this class and about the work you do ir
class. Please circle the number that best describes what you think.

1.In our class, getting good marks is the main goal.

1 2 3 4 5
Not at all true Somewhatrue Very True

2.In our class, getting right answers is very important.

1 2 3 4 5
Not at all true Somewhatrue Very True

3.1n our class, itOs important to get high scores on tests.

1 2 3 4 5
Not at all true Somewhatrue Very True

4.1n ourclass, showing others that you are not bad at class work is really important.

1 2 3 4 5
Not at all true Somewhatrue Very True

5.1n our class, itOs important that you donOt make mistakes in front of everyone.

1 2 3 4 5
Not at all true Somewhatrue Very True

6.n our class, itOs important not to do worse than other students.

1 2 3 4 5
Not at all true Somewhatrue Very True
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7.1n our class, itOs very important not to look dumb.

1
Not at all true

2

3

Somewhatrue

5
Very True

8.In our class, o

ne of the main g

oals is to avoid looking like you canOt do the work.

1
Not at all true

2

3

Somewhatrue

4

5
Very True
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Appendix E
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Instructions. The following questions are about this class and about its assessment

methods. Please circle the number that best describes what you think.

1. In this class, only a few students can get high marks.

1
Strongly Disagree

2
Disagree

3
Agree

4
Strongly Agree

2. The teacher in this class uses more than one way to determine marks (tests, projects,

presentations, journals, etc).

1 2 3 4
Strongly Disagree Disagree Agree Strongly Agree
3. The tests in this class match what we learned in class.
1 2 3 4
Strongly Disagree Disagree Agree Strongly Agree
4. Students have to compete against each other to get high marks in this class.
1 2 3 4
Strongly Disagree Disagree Agree Strongly Agree

5. In this class, assignments and tests are returned in a way that keeps individual student

marks private.

1
Strongly Disagree

2
Disagree

Agree

4
Strongly Agree
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6. When students make mistakes they are treated with respect in this class.

1 2 3 4
Strongly Disagree Disagree Agree Strongly Agree
7. The teacher marks fairly in this class.
1 2 3 4
Strongly Disagree Disagree Agree Strongly Agree
8. In this class, the teacher pays attention to whether I am improving.
1 2 3 4
Strongly Disagree Disagree Agree Strongly Agree

9. Students are provided with guidelines for how they will be tested on quizzes or other

assignments in this class.

1
Strongly Disagree

2
Disagree

Agree

4
Strongly Agree

10. Only students with the highest marks can keep up with the pace of this class.

1
Strongly Disagree

2
Disagree

3
Agree

4
Strongly Agree
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Instructions: Here are some questions about yourself as a student in this class. Please
circle the number that best describes what you think.

1. I’'m certain I can master the skills taught in this math class this year.

1 2 3 4 5
Not at all true Somewhat true Very True
2. I’m certain I can figure out how to do the most difficult work in this math class.
1 2 3 4 5
Not at all true Somewhat true Very True
3. I can do almost all the work in this math class if I don’t give up.
1 2 3 4 5
Not at all true Somewhat true Very True
4. Even if the work is hard in this math class, I can learn it.
1 2 3 4 5
Not at all true Somewhat true Very True
5.1 can do even the hardest work in this math class if I try.
1 2 3 4 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about yourself as a student on this assessment task.
Please circle the number that best describes what you think.

1. I’'m certain I can master the skills assessed on this task.

1 2 3 4 5
Not at all true Somewhat true Very True
2. I'm certain I can figure out how to do the most difficult work on this task.
1 2 3 4 5
Not at all true Somewhat true Very True
3.1 can do almost all the work on this task if I don’t give up.
1 2 3 4 5
Not at all true Somewhat true Very True
4. Even if the work is hard on this task, I can solve it.
1 2 3 4 5
Not at all true Somewhat true Very True
5.1 can do even the hardest work on this task if I try.
1 2 3 4 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about yourself as a stodéiné next assessment
you will take in this classPlease circle the number that best describes what you think.

1.16m certainwill be able tomaster the skillassessed on the neask like this one

1
Not at all true

2

3
Somewhat true

4

5
Very True

2.10m certainwill be able tofigure out how to do the most difficult wodan the next task

like this one
1 2 3 4 5
Not at all true Somewhat true Very True

3.1 will be able todo almost all the workn the next t

ask like this orifel

don®t give up.

1
Not at all true

2

3
Somewhat true

4

5
Very True

4. Even if the work is hardn the next task like this one, | will be able to satve

1 2 3 4 5
Not at all true Somewhat true Very True
5.1 can do even the hardest wark this taskf | try.
1 2 3 4 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about yourself as a student in this class. Please
circle the number that best describes what you think.

1. One of my goals in class is to avoid looking like I have trouble doing the work in this

math class.
1 2 3 4 5
Not at all true Somewhat true Very True

2. One of my goal

s is to look smart

in comparison to the other students in this math class.

1 2 3 4 5
Not at all true Somewhat true Very True
3. One of my goals in this math class is to learn as much as I can.
1 2 3 4 5
Not at all true Somewhat true Very True
4. One of my goals in this math class is to learn a lot of new skills this year.
1 2 3 4 5
Not at all true Somewhat true Very True
5. It’s important to me that I thoroughly understand my class work in this math class.
1 2 3 4 5
Not at all true Somewhat true Very True

6. It’s important to me that other students in this math class think I am good at my class

work.

1
Not at all true

3
Somewhat true

Very True
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7. One of my goals is to show others that I’m good at my class work in this math class.

1
Not at all true

2

3
Somewhat true

4

5
Very True

8. One of my goal

s is to show others that class work is easy for me in this math class.

1 2 3 4 5
Not at all true Somewhat true Very True
9. It’s important to me that I improve my skills in this math class this year.
1 2 3 4 5
Not at all true Somewhat true Very True
10. It’s important to me that I look smart compared to others in this math class.
1 2 3 4 5
Not at all true Somewhat true Very True
11. It’s important to me that I don’t look stupid in this math class.
1 2 3 4 5
Not at all true Somewhat true Very True
12. One of my goals is to keep others from thinking I’m not smart in this math class.
1 2 3 4 5
Not at all true Somewhat true Very True
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13. It’s important to me that my teacher doesn’t think that I know less than others in this

math class.
1 2 3 4 5
Not at all true Somewhat true Very True
14. It’s important to me that I learn a lot of new concepts this year in this math class.
1 2 3 4 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about yourself as a student on this assessment task.
Please circle the number that best describes what you think.

1. One of my goals is to avoid looking like I have trouble doing the work on this

assessment.

1
Not at all true

3
Somewhat true

Very True

2. One of my goals on this assessment is to look smart in comparison to the other students

in this math class.

1
Not at all true

3
Somewhat true

Very True

3. One of my goal

s in studying for this assessment is to

learn as much as I can.

1
Not at all true

2

3
Somewhat true

4 5
Very True

4. One of my goals is to learn a lot of new skills while studying for this assessment.

1
Not at all true

2

3
Somewhat true

4 5
Very True

5. It’s important to me that I thoroughly understand my

work on this assessment.

1
Not at all true

2

3
Somewhat true

4 5
Very True
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6. It’s important to me that other students in this math class think I did well on this

assessment.
1 2 3 4 5
Not at all true Somewhat true Very True
7. One of my goals on this assessment is to show others that I’'m good at math.
1 2 3 4 5
Not at all true Somewhat true Very True

8. One of my goals on this assessment is to show others that class work is easy for me in

this math class.

1 2 3 4 5
Not at all true Somewhat true Very True
9. It’s important to me that I improve my skills in math on this assessment.
1 2 3 4 5
Not at all true Somewhat true Very True

10. On this assessment, it’s important to me that I look smart compared to others in this

math class.
1 2 3 4 5
Not at all true Somewhat true Very True
11. It’s important to me that I don’t look stupid on this assessment.
1 2 3 4 5
Not at all true Somewhat true Very True
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12. One of my goals on this assessment is to keep others from thinking I’m not smart in

this math class.

1
Not at all true

3
Somewhat true

Very True

13. On this assessment, it’s important to me that my teacher doesn’t think that I know less

than others in this math class.

1 2 3 5
Not at all true Somewhat true Very True
14. It’s important to me that I learn a lot of new concepts while studying for this
assessment.
1 2 3 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about yourself as a student on the next assessment
you will take in this class. Please circle the number that best describes what you think.

1. One of my goals will be to avoid looking like I have trouble doing the work on the next

assessment.
1 2 3 4 5
Not at all true Somewhat true Very True

2. One of my goals on the next assessment will be to look smart in comparison to the other
students in this math class.

1
Not at all true

2

3
Somewhat true

Very True

3. One of my goals in studying for the next assessment will be to learn as much as I can.

1 2 3 4 5
Not at all true Somewhat true Very True
4. One of my goals will be to learn a lot of new skills while studying for the next
assessment.
1 2 3 4 5
Not at all true Somewhat true Very True

5. It will be important to me that I thoroughly understand my work on the next assessment.

1
Not at all true

2

3
Somewhat true

4

5
Very True
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6. It will be important to me that other students in this math class think I did well on the

next assessment.

1
Not at all true

3
Somewhat true

Very True

7. One of my goals on the next assessment will be to show others that I’'m good at math.

1
Not at all true

2

3
Somewhat true

4

5
Very True

8. One of my goals on the next assessment will be to show others that class work is easy

for me in this math class.

1
Not at all true

3
Somewhat true

Very True

9. It will be important to me that [ improve my skills in math on the next assessment.

1
Not at all true

2

3
Somewhat true

4

5
Very True

10. On the next assessment, it will be important to me that I look smart compared to others

in this math class.

1 2 3 4 5
Not at all true Somewhat true Very True
11. It will be important to me that I don’t look stupid on the next assessment.
1 2 3 4 5
Not at all true Somewhat true Very True
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12. One of my goalen the next assessmanill be to keep others from thinking 1Om no
smart inthis mathclass.

1 2 3 4 5
Not at all true Somewhat true Very True

13.0n the next assessment, it will ingportant to me that my teacher doesnOt think that
know less than others this mathclass.

1 2 3 4 5
Not at all true Somewhat true Very True

14.1t will be important to me that | learn a lot of new conceptile studying for the next
assessment

1 2 3 4 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about yourself as a student in this class. Please
circle the number that best describes what you think.

1. I work really hard in this math class because I really like to learn new things.

1
Not at all true
of me

2

3
Somewhat true
of me

4

5
Very true of me

2. When I make a

mistake in this math class I like to figure out the right answer by myself.

1
Not at all true
of me

2

3
Somewhat true
of me

4

5
Very true of me

3. I like difficult math problems in this class because I enjoy trying to figure them out.

1 2 3 4 5
Not at all true Somewhat true Very true of me
of me of me
4.1 work on math problems in this class to learn to solve them.
1 2 3 4 5
Not at all true Somewhat true Very true of me
of me of me

5.1 do my math schoolwork in this class to find out about a lot of things I’ve been wanting

to know.
1 2 3 4 5
Not at all true Somewhat true Very true of me
of me of me

6. When I don’t understand something right away in this math class I like to try to figure it

out by myself.
1 2 3 4 5
Not at all true Somewhat true Very true of me
of me of me
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7.1 like this math class because it makes me think pretty hard and figure things out.

1
Not at all true
of me

2

3
Somewhat true
of me

4

5
Very true of me

8. If I get stuck on a problem in this math class I keep trying to figure out the problem on

my own.
1 2 3 4 5
Not at all true Somewhat true Very true of me
of me of me

9. I like difficult math problems in this class because I find them more interesting.

1
Not at all true
of me

2

3
Somewhat true
of me

4

5
Very true of me
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Instructions: Here are some questions about yourself as a student on this assessment task.
Please circle the number that best describes what you think.

1. How much will you enjoy working on this assessment?

1 2 3 4 7
Not at all Neither To a great
enjoy nor extent
dislike

2. Would you like to receive extra problems from this assessment to work on in your free

time?
1 2 3 4 7
Not at all Neither To a great
enjoy nor extent
dislike

3. How willing would you be to work on extra problems from this assessment during

lunch break?

1 2 3 4 7
Not at all Neither To a great
enjoy nor extent
dislike
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Instructions: Here are some questions about yourself as a student on the next assessment
you will take in this class. Please circle the number that best describes what you think.

1. How much will you enjoy working on the next assessment?

1
Not at all

2

3

4
Neither
enjoy nor
dislike

5

7
To a great
extent

2. Would you like to receive extra problems from the next assessment to work on in your

free time?
1 2 3 4 5 7
Not at all Neither To a great
enjoy nor extent
dislike

3. How willing would you be to work on extra problems from the next assessment during

Iunch break?
1 2 3 4 5 7
Not at all Neither To a great
enjoy nor extent
dislike
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Instructions: Here are some questions about your assessments in this class. Please circle
the number that best describes what you think.

1. The way I am evaluated on math assessments does a good job of measuring my
understanding of the material.

1 2 3 4 5
Not at all true Somewhat true Very True

2. The way I am evaluated on math assessments is fair.

1 2 3 4 5
Not at all true Somewhat true Very True

;-+31&44$02&>4%-2%1-7&$/$]5-28B"
Instructions: Here are some questions about your upcoming assessment. Pleasecircle the
number that best describes what you think.

1. The way | will be galuated on this mathssessment will do a good job of measuring
my understanding of the material.

1 2 3 4 5
Not at all true Somewhat true Very True

2.The way | will be galuated on this mathssessment is fair.

1 2 3 4 5
Not at all true Somewhat true Very True
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Instructions: Here are some questions about the assessment you recently completed.
Please circle the number that best describes what you think.

1. The way I was evaluated on this math assessment did a good job of measuring my

understanding of the material.

1 2 3 5
Not at all true Somewhat true Very true
2. The way I was evaluated on this math assessment was fair.
1 2 3 5
Not at all true Somewhat true Very true
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Instructions: Hereis a questiomboutyour study behaviarsin this class. Please circle
the number that best describes what you think.

How much time do you typically spend studying for math assessments?

1 2 3 4 5
Less than 15 About one hour More than five
minutes hours

=+>8&%$%7&12%$%2 @ BHI&>$-2$1-7&$/$]5-2Fp

Instructions: Here is a question about your study behaviours on the upcoming
assessment. Please circle the number that best describes what you think.

How much time will you spend studying for this upcoming math assessment?

1 2 3 4 5
Less than 15 About one hour More than five
minutes hours

=+>&$%2&12$%2@A. +1B$02&>$-251-78$85$5-2F/

Instructions: Here is a question about your study behaviours on the next assessment you
will take in this class. Please circle the number that best describes what you think.

How much time will you spend studying for the next math assessment?

1 2 3 4 5
Less than 15 About one hour More than five
minutes hours
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Instructions: Please indicate how well you think you performed on this assessment.

1 2 3 4 5
Very Poorly Poorly Not that poorly, Well Very well
but not that well
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1451 Avenue Road
Toronto, Ontario M5N 2H9
Telephone: 416.483.3519
Fax: 416.483.6796

www.havergal.on.ca

Havergal

COLLEGE Preparing young women to make a difference

Consent Form for Parents/Legal Guardians oHavergal StudentParticipants:
OStudent Assessment ProjectO

What is the purpose of this research study?
The purpose of this study is to better understand the impact of different assessment methods on
Havergal students’ attitudes about and behaviours in math and science classes.

Who is conducting the study?

Alison Koenka, MA is in charge of this project. Ms. Koenka is a Havergal Old Girl (class of
2005) and is completing her PhD at Duke University in the Department of Psychology and
Neuroscience. Ms. Koenka works under the guidance of Harris Cooper, PhD. Dr. Cooper is a
Hugo L. Blomquist Distinguished Professor and is the former Chair of the Department of
Psychology and Neuroscience. Ms. Koenka has consulted with Seonaid Davis, Director of
Curriculum and Faculty Development and Jennifer Goldberg, Havergal Research Chair, to
develop this project.

What will your daughter be asked to do?

Your daughter will be asked to complete surveys on her math or science attitudes and
behaviours. She will be asked to complete three very similar academic attitudes and beliefs
surveys on three separate occasions over a two-to-three week period between October 2014 and
November 2014. The first survey should take no more than 30 minutes to complete. The
remaining two will take approximately 15-20 minutes. Your daughter will experience one of
several assessment methods in her math or science class during the time between the surveys.

What are the possible risks?
Following the completion of the study, there are no anticipated risks of your daughter
participating.

What are the benefits of this study?

The benefits of the study will be experienced by both individual students and the school.
Students will benefit in several ways by participating in this study. Ms. Koenka will lead an
assembly during the year to share the research findings with all participants, teachers, and
interested parents. Her presentation will demonstrate how academic beliefs and behaviours were
influenced by a particular assessment strategy. This discussion will likely help students to
develop effective assessment-taking strategies. Students who are interested in pursuing an
academic career in the social sciences will have an opportunity to participate in a workshop led
by Ms. Koenka related to this career path. Although all students will be welcome to attend the
assembly and workshop regardless of her participation in the study, students who do participate
will have a stronger understanding of the outcome of the research.

The school will gain a perspective on student attitudes toward assessment and how to positively
impact attitudes through the use of assessment tools. The research is also likely to reveal how
certain components of assessments are linked to student attitudes about learning.
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Will you/your daughter receive any compensation for taking part in the project?
Your daughter will not receive any compensation.

Who will see the information provided through the surveys?

Havergal faculty or administration will not have access to surveys responses or names of
participants. Mathematics and Science teachers supporting the research will have access only to
the assessment tools. Only Ms. Koenka and other researchers at Duke University who are
directly involved with the project will see individual student responses and have access to any
identifiable information about the participants. In order to ensure anonymity of responses,
students will be known and tracked by a participant number; names will not be used or
referenced in the findings.

Are students required to participate in the research project?
Student participation is optional.

Is it mandatory for participating students to complete the project?
If your daughter decides to take part in the project, she can still decide at any time that she no
longer wants to continue.

What if you/your daughter have questions?

If you and/or your daughter have questions about the project, please feel free to contact Ms.
Koenka by phone (919-357-4760) or email (alison.koenka@duke.edu). If you have any
questions about your rights or your daughter’s rights as a research volunteer, please contact the
Director of the Human Protections Administration at Duke University at 919-684-3030.

I give my agreement for my daughter to participate in this research project.

Signature of Parent/Guardian and Date

Printed Name of Parent/Guardian

Printed Name of Daughter

169



Appendix M

%2-1A-3A+ &A$*>-+'$26$[-3&124$(36>$5-2F$63$%,+&1,&$=& ,F&3$

$

Good Afternoon,

Today/Yesterday in class your daughter received a consent form for participation in an
educational study through Duke University. The researcher, Alison Koenka, has worked with
Seonaid Davis (Director of Curriculum and Faculty Development) and Jennifer Goldberg
(Havergal Research Chair) to develop this project. Ms. Koenka is a Havergal Old Girl (class of
2005) who is currently working towards her Ph.D. in developmental psychology.

Would you please review the material provided and if willing, please sign the consent form and
have your daughter return the form to me directly on or before DATE.

Should you have any questions, please do not hesitate to contact Ms. Koenka directly, whose
contact information is provided on the consent form.

Thank you for your time and support
TEACHER NAME
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Student Assent Form:
“Student Assessment Project”

Hi! My name is Alison Koenka, and I’m a doctoral student at Duke University in the United
States. Even though I live all the way in the United States, you might recognize my name; I’'m
an Old Girl and attended Havergal from Grade 4 until Grade 12! I am working on a project for
my dissertation (which is the research that I will conduct to get my PhD), and I would like to
invite you to participate in it. Specifically, this study will investigate how different assessment
methods (i.e., different testing strategies) affect your attitudes about and behaviours in math [or
science].

If you decide that you want to participate in my study, you’ll complete a brief survey on your
math [or science] attitudes and behaviours three times over the next two or three weeks. It
should take you about 30 minutes to complete the first survey, and about 15-20 minutes each for
the remaining two. You’ll also be exposed to one of several assessment methods in your [or
science] class during this time.

Your teachers, Mrs. Davy and your parent or legal guardian have already agreed for you to
participate in this study. If you decide to be involved in the study but do not want to answer
certain questions in the survey, that is okay; you can just leave them blank. If you decide to start
answering questions and then you want to stop, that is okay too. If you do not want to participate
in the study, no one will treat you any differently.

Your answers to the survey questions will only be seen by me and/or other researchers helping
with the study. They will not be seen by your teachers, Mrs. Davy, or anyone else. Your name
on the surveys will be replaced by a number. None of the questions will have your name on
them, and no one will know who you are when we write about the study. Your teachers will
only see your math [or science] assessment completed as part of the course that is involved in the
study.

You are welcome to ask questions now or when they come up as you are completing the survey.
If you have questions after you have participated in the study, you can call and talk to me (919-
357-4760).

I have read the above and agree to participate in this study.

Print Your Full Name

Sign Your Name

Date
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Feedback Instructions

Your Grade X, Block X class has been assigned to: marks. This means that your class' will
anticipate and receive only quantitative feedback on their upcoming assessment.

Here’s what this will involve:

L.

On DATE, you will inform students that they should expect to receive only marks on
their assessment. Specifically, you must communicate this exact information to your
students:

On your test [assessment] that’s coming up on DATE, you should expect to receive only
marks when I return it to you. This means that [ will write a level ranging from R-4+ at
the top of your page. Iwill also provide quantitative information about your
performance on your specific test questions.

On DATE, you will return the assessments to the students. They should contain only
quantitative feedback as it was described to students previously. Here is a detailed
description of feedback you should provide on each student’s assessment:

Please compute a raw score and a percentage score for your students. This information
should be recorded at the top of each student’s page. These scores should entirely reflect
each student’s performance on the assessment. No other factors, such as other class
members’ performance, your perception of the student’s effort, etc. should influence these
scores.

Please also provide quantitative feedback of the same nature as described above for each
of your students’ answers on the assessment.

If this feedback is different (even slightly!) from the feedback you typically provide,
please photocopy each student’s assessment (and please let me know if you would like
help with the photocopying!). On one copy of the assessment, please provide the marks
and comments as they are described above. On the original copy, please provide your
regular feedback.

Once students have received their feedback that was generated as part of the study and
completed the final survey, the assessment that contains your typical feedback can then
be distributed.

1 Please note that these instructions only apply to the students in your class who are participating
in the study. Students who are not participating should anticipate and receive feedback that is no
different from the feedback you typically provide.
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Feedback Instructions

Your Grade X Block X classhas been assigned to: comments This means that your class' will
anticipate and receive only written comments their upcoming assessment.

Here’s what this will involve:

1. On Date, you will inform students that they should expect to receive only written
commentson their assessment. Specifically, you must communicate this exact
information to your students:

On your test [assessment] that’s coming up on Date, you should expect to receive only
written comments when [ return it to you. This means that I will write a written comment
about your performance at the top of your page. I will also provide written comments on
your specific test questions. However, you will not receive levels or any other
quantitative information on this test performance.

2. On date, you will return the assessments to the students. They should contain only
written feedback as it was described to students previously. Here is a detailed description
of feedback you should provide on each student’s assessment:

Please write a one-to-two sentence comment about your students’ performance. This
information should also be recorded at the top of the each student’s page. This comment
should be entirely task-specific. That is, it should focus on the student’s performance on
the given task. The comment should not compare one student’s performance with others
in the class, and it should also not focus on the student’s level of improvement.

Please also provide brief comments of the same nature as described above for each of
your students’ answers on the assessment.

If this feedback is different (even slightly!) from the feedback you typically provide,
please photocopy each student’s assessment (and please let me know if you would like
help with the photocopying!). On one copy of the assessment, please provide the
comments as they are described above. On the original copy, please provide your regular
feedback.

3. Once students have received their feedback that was generated as part of the study and
completed the final survey, the assessment that contains your typical feedback can then
be distributed.

1 Please note that these instructions only apply to the students in your class who are participating
in the study. Students who are not participating should anticipate and receive feedback that is no
different from the feedback you typically provide.
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Feedback Instructions

Your Grade X, Block X class has been assigned to: no feedback. This means that your class’
will anticipate and receive no feedback on their upcoming assessment.

Here’s what this will involve:

1. On [DATE], you will inform students that they should expect to receive no feedback on
their assessment. Specifically, you must communicate this exact information to your
students:

On your test [assessment] that’s coming up on [DATE], you should not expect to receive
any feedback when I return it to you. This means that I will neither provide you with
levels nor written comments on this assessment.

2. On [DATE], you will return the assessments to the students. As was described to
students previously, please do not provide them with any feedback whatsoever, either
written or verbally, on the assessment.

If this (lack of) feedback is different (even slightly!) from the feedback you typically
provide, please photocopy each student’s assessment (and please let me know if you
would like help with the photocopying!). On one copy of the assessment, please do not
provide feedback as described above. On the original copy, please provide your regular
feedback.

3. Once students have received assessments with no feedback and completed the final
survey, the assessment that contains your typical feedback can then be distributed.

1 Please note that these instructions only apply to the students in your class who are participating
in the study. Students who are not participating should anticipate and receive feedback that is no
different from the feedback you typically provide.
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Feedback Instructions

Your Grade X Block X class has been assigned to: marks and comments. This means that
your class' will anticipate and receive quantitative and written feedback on their upcoming
assessment.

Here’s what this will involve:

1. On Date, you will inform students that they should expect to receive both marks and
written comments on their assessment. Specifically, you must communicate this exact
information to your students:

On your test [assessment] that’s coming up on Date, you should expect to receive both
marks and written comments when I return it to you. This means that I will write a level
ranging from R-4+ at the top of your page along with a written comment about your
performance. I will also provide quantitative information about your performance and
Written comments on your specific test questions.

2. On date, you will return the assessments to the students. They should contain both
quantitative and written feedback as it was described to students previously. Here is a
detailed description of feedback you should provide on each student’s assessment:

Please compute a raw score and a percentage score for your students. This information
should be recorded at the top of each student’s page. These scores should entirely reflect
each student’s performance on the assessment. No other factors, such as other class
members’ performance, your perception of the student’s effort, etc. should influence these
scores.

Please write a one to two sentence comment about your students’ performance. This
information should also be recorded at the top of the each student’s page. This comment
should be entirely task-specific. That is, it should focus on the student’s performance on
the given task. The comment should not compare one student’s performance with others
in the class, and it should also not focus on the student’s level of improvement.

Please also provide quantitative feedback and brief comments of the same nature as
described above for each of your students’ answers on the assessment.

If this feedback is different (even slightly!) from the feedback you typically provide,
please photocopy each student’s assessment (and please let me know if you would like
help with the photocopying!). On one copy of the assessment, please provide the marks
and comments as they are described above. On the original copy, please provide your
regular feedback.

"IPlease note that these instructions only apply to the students in your class who are participating
in the study. Students who are not participating should anticipate and receive feedback that is no

different from the feedback you typically provide.!
$
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3. Once students have received their feedback that was generated as part of the study and
completed the final survey, the assessment that contains your typical feedback can then
be distributed.
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Appendix P

V&C3+&(+1B$;63

Brief Explanation: “Student Assessment Project”
Dear Student,

Thank you so much for participating in my study! This form will give you some more
information about the research now that you have finished your participation in it.

There are two main questions that I hope to answer by conducting this study. They are:

1. How does the anticipation and receipt of different forms of feedback on an assessment
influence middle and high school students’ academic motivation in math and science?

2. Does this impact of feedback depend on students’ perceptions of their broader classroom
context (i.e., classroom goal structure)? 1If so, how?

Previous research has shown that teachers can use many forms of feedback when marking their
students’ assessments. They may, for example, give students marks on an assessment. In
addition or instead, they might provide written comments. Finally, teachers could give students
no feedback on their assessments. Although we know from previous studies that these variations
in feedback have important influences on students’ academic motivation, zow and why these
influences emerge is poorly understood.

To better understand this question, I randomly assigned all of you to one of the following
conditions: (1) grades, where those in this condition anticipated and then received only marks on
the recent assessment; (2) comments, where those in this condition only received written
comments on the recent assessment; (3) grades + comments, where those in this condition
received both marks and written comments on the recent assessment; and (4) no feedback, where
those in this condition did not receive any feedback on the recent condition.

I also asked you to complete surveys to measure your academic motivation at three different time
points: once before you knew what kind of feedback to expect, once immediately after you
learned this information from your teacher, and one more time after you actually received your
designated form of feedback. The first time you completed the surveys, I wanted to get a sense
of your stable levels of motivation in this class. The second time, I was interested in learning
how your motivation changed — if at all — once you were expecting a particular form of feedback.
The third time, I wanted to see if your motivation was further affected when you actually
received the designated form of feedback. Measuring your motivation at these final two time
points allows me to distinguish between the motivational impact of (a) the form of feedback and
(b) your level of performance on the assessment.

Regarding my second research question, previous studies show that students’ academic
motivation can be influenced by their broader classroom goal structures. For example, some
classes might have a more competitive goal structure, while others might have a greater focus on
personal improvement. I am interested in examining how your beliefs about your math or
science classroom goal structure might change the impact of different forms of feedback on
motivation. For this reason, I included some extra questions in your first survey to measure your
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classroom goal structure beliefs.

I hypothesized (in other words, predicted) that some forms of feedback would have a more
positive influence on academic motivation than others. In particular, I expect that students who
received no feedback (and in some cases, students who received marks) would experience lower
motivation. If you did experience lower motivation than usual, please understand that this is
likely a result of the study and does not say anything about you personally.

If you have any questions about the study or your participation in it, please feel free to ask me
now! Also, you are welcome to contact me by phone (919-357-4760).

Thanks again so much for your participation — it has been such a treat to spend some time back at
Havergal and to get to know you!
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