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ABSTRACT

Although student use of personalized learning software has been linked to
higher test scores and more positive achievement-related attitudes, much
remains to be learned about best practices for creating strong
technology-enabled learning environments. The current study examines
associations between the goals teachers set for their students’ use of math
personalized learning software and both teacher and student attitudes.
Teachers reported setting mastery-based goals for software use less fre-
quently than time-based goals. However, mastery-based goal setting was
more strongly associated with positive teacher perceptions of the value of
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math software and with students’ endorsement of growth mindsets. performance

Associations between goal setting and outcomes were especially strong
among teachers who reported providing lower levels of support to students
as they used software.

Introduction

Students in the United States are not performing well in mathematics (National Science Board
& National Science Foundation, 2021; OECD, 2022). Although K-12 students showed modest
gains in math achievement test scores over the past few decades, there have been significant
drops in these scores since the pandemic. Declines in mathematics achievement since 2019 have
been particularly pronounced among some groups of students, including Black students, Hispanic
students, and students attending high-poverty schools (Fahle et al., 2023; Kuhfeld et al., 2022).

One approach that educational stakeholders have promoted to both improve performance and
address disparities in mathematics achievement involves “personalizing” instruction to be respon-
sive to students’ individual learning needs. Proponents of this approach argue that personalized
learning environments have myriad benefits for teachers and students, including improving
teachers’ self-efficacy for supporting struggling students (Brizard, 2023), more effectively address-
ing learner variability at the classroom level (Pape & Vander Ark, 2021), and increasing students’
interest and confidence in mastering academic content (Reber et al., 2018; Schoenherr, 2024).

Although personalized instruction takes many forms (see Bernacki et al., 2021, for a review),
advances in technology have resulted in increased uptake of digital solutions to personalization,
including learning software programs that are designed to continuously adjust tasks, instructions,
and feedback to help students master new skills (Baker, 2016; Bernacki et al., 2021; Gallup,
2017; Pane et al.,, 2015). Several recent meta-analyses have shown that K-12 students who use
personalized learning software programs have higher scores on standardized mathematics
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assessments than similar students who do not (e.g. Cheung & Slavin, 2013; Hillmayr et al., 2020;
Ma et al, 2014; Zheng et al., 2022). Likewise, several recent studies have linked use of math
learning software to positive student attitudinal outcomes including higher perceptions of com-
petence and stronger endorsement of a growth mindset, or the belief that ability can change
through hard work (e.g. Altermatt, Rorrer, et al., 2023; Rutherford et al., 2020).

Importantly, however, the effect of personalized learning software on students’ motivational,
affective, and learning outcomes appears to be moderated by various factors including the quality
of its use (e.g. Campuzano et al., 2009; Pane et al., 2017). More research is needed to identify,
understand, and address these factors, particularly given growing evidence for a “digital use
divide” wherein some students use learning software in ways that enhance both their mathematics
confidence and skills while others use these programs in ways that contribute to disengagement
among students and dissatisfaction among educators (Ritzhaupt et al., 2020; U.S. Department of
Education, 2017; Valadez & Durdn, 2007). In the current study, we focus our attention on one
of these factors: the goals that teachers set for their students’ use of math personalized learning
software.

Achievement goal orientations and achievement goal structures

Decades of research indicate that the goals students adopt for completing academic tasks can
be important predictors of students’ achievement-related attitudes. Students who adopt mastery
goal orientations—that is, goals to develop new skills or improve competence—typically have
higher self-efficacy and more positive achievement-related emotions than students who adopt
other types of goal orientations, including goals to avoid appearing incompetent (i.e.
performance-avoidance goals) and, in some cases, goals to outperform others (i.e.
performance-approach goals) (Huang, 2011, 2016). One reason that mastery goal orientations
may yield positive achievement-related attitudes is that students who adopt these goals tend to
engage in effective learning strategies, including viewing errors as a normal part of learning,
seeking help when necessary, deepening cognitive engagement, and persisting in the face of
challenges (Diseth & Kobbeltvedt, 2010; Kaplan & Maehr, 1999).

Notably, teachers play an important role in influencing students’ achievement goal orientations
by fostering specific achievement goal structures in their classrooms (Bardach et al., 2020; Shim
et al,, 2013). Achievement goal structures are sometimes communicated directly to students.
Often, however, these structures are communicated indirectly via grading criteria, grouping
practices, or reward systems. For example, teachers can reinforce mastery goal orientations by
setting clear learning objectives, using data from formative assessments to inform instruction
and practice, providing feedback that focuses on improvement, encouraging students to self-assess
and reflect on their learning, and allowing opportunities for revision and reassessment (Patrick
et al., 2003; Shim et al., 2013; Wolters et al., 2010). Like achievement goal orientations, achieve-
ment goal structures have been linked to positive achievement-related attitudes and behaviors.
For example, mastery goal structures have been linked to increased persistence, decreased pro-
crastination, and decreased self-handicapping in students (Midgley & Urdan, 2001; Wolters, 2004)
and to students’ perceptions that the classroom climate is respectful and supportive (Patrick
et al., 2011). Mastery goal structures have also been linked to positive teaching-related emotions
among educators including greater enjoyment of teaching and increased self-efficacy (Wang
et al., 2017).

The bulk of achievement goal theory and research has focused on mastery goals,
performance-approach goals, and performance-avoidance goals (Bardach et al., 2020; Wolters,
2004). However, there is a growing consensus that focusing on these goals, alone, fails to capture
the array of aims that govern students’ behaviors in the classroom. Consistent with this per-
spective, researchers are increasingly attending to other types of goals (Elliot et al.,, 2011),
including goals to minimize effort on school-related tasks (i.e. work-avoidance goals; King &
Mclnerney, 2014) and goals to match or exceed a previous accomplishment (i.e. personal-best
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goals; Martin & Elliot, 2016). Researchers are not only broadening the scope of goals they
examine, but also recognizing the limitations of primarily evaluating achievement goal structures
at a "macro" level. This acknowledgment stems from evidence that the achievement goal struc-
tures formulated and conveyed by teachers to their students can differ across various classroom
activities (Liiftenegger et al., 2017). Consistent with these trends, the current study focuses on
time-based and mastery-based goals for students’ software use as these are the goals most often
recommended by math learning software developers (An et al., 2022).

Goal setting for personalized learning software

The use of digital learning platforms in K-12 classrooms is widespread. While their use is
sometimes contested (Kerssens & van Dijck, 2022), perceptions of digital learning platforms are
generally positive. For example, in a Gallup (2017) study that included a nationally representative
sample, 53% of teachers reported that students in their classrooms use digital learning platforms
every day to support their learning. Moreover, 81% of teachers reported that they see value in
using digital learning platforms, with the majority indicating that digital learning platforms are
more effective than non-digital tools for personalizing instruction and engaging students with
school and with learning (Gallup, 2017). At the same time, most respondents also indicated that
teachers do not have enough training on how to effectively use digital learning platforms (Gallup,
2017). To effectively respond to calls to make “more and better information and training available
to teachers” (Gallup, 2017, p. 59), more empirical work is needed to understand how teachers
are integrating digital learning platforms in their classrooms and which strategies are most
effective in creating technology-enabled learning environments that lead to positive outcomes
for both teachers and students (Brizard, 2023; Callaghan et al., 2018; Huebner & Burstein, 2023;
Shabrina et al., 2020).

To date, very little attention has been paid to the goals teachers set for their students’ use
of personalized learning software. Some preliminary evidence suggests that teachers vary widely
in their approaches to goal setting in technology-enabled learning environments, with some
teachers primarily adopting time-based goals (e.g. requiring students to record 30 min of software
use per week) and other teachers primarily adopting mastery-based goals (e.g. requiring students
to demonstrate proficiency on two skills per week) (Altermatt et al., 2022). These different
approaches may reflect differences in teachers’ general achievement goal orientations for math
instruction (see Retelsdorf & Giinther, 2011) as well as differences in recommendations for
implementation from school administrators, instructional staff, or software developers (An et al.,
2022). While both goals might, ostensibly, be deployed to ensure that students stay on task and
eschew work-avoidance, only mastery-based goal setting requires students to demonstrate evi-
dence of skill development.

Much remains to be learned about associations between teachers’ goal setting for students’
personalized learning software use in technology-enabled learning environments and both teacher
and student attitudes. One possibility is that goal setting of any kind is associated with positive
attitudes. This finding would be consistent with literature indicating that students benefit when
they are working toward goals that are specific, challenging, and attainable (Locke & Latham,
2002; Martin & Elliot, 2016). A second possibility is that mastery-based goal setting is associated
with more positive attitudes than time-based goal setting because time-based goals do not hold
students accountable for their learning. For example, a student who spends 30min per week
“engaged” with a math learning software program and who becomes proficient in few skills
during that time may be fulfilling a “seat time” requirement, but learning very little (An et al.,
2022). This scenario—meeting the mandated time goal but gaining minimal knowledge—may
lead both teachers and students to doubt the effectiveness of math learning software and may
lead students to question their ability to improve in mathematics.

Importantly, the effect of teacher goal setting for software use on teacher and student attitudes
is likely to be moderated by other features of the instructional setting, including the level of
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support that teachers provide to students as they use the software. Again, preliminary evidence
suggests that teachers vary widely in the support they provide. While some teachers are actively
engaged with students as they use personalized learning software, other teachers provide only
occasional support (e.g. when a student asks for assistance), and still other teachers use the time
that students are engaged with the software to accomplish other tasks including lesson planning
and meeting individually with students on matters unrelated to software use (Altermatt et al,,
2022). Establishing goals for students’ software use is one way that teachers can provide students
with clear expectations for how to be autonomous and responsible learners in technology-enabled
learning environments. Doing so may be especially important in cases when teachers’ attention
is not directly focused on students while students are using software (McCombs & Miller, 2007).
Consistent with this idea, we predict that goal setting will be an especially strong predictor of
teacher and student outcomes among teachers who report providing relatively low levels of
support to students as they use math personalized learning software.

The current study

The key purposes of the current study are a) to explore the factors that predict teachers’ use
of time-based and mastery-based goals for their students’ software use and b) to examine the
effect of teachers’ adoption of these two types of goals on both teacher attitudes (i.e. perceptions
of the value of math software) and student attitudes (i.e. perceptions of the value of math soft-
ware and endorsement of growth mindsets). The decision to focus on perceptions of value and
growth mindsets as key outcome variables is based on evidence that perceptions of value are
associated with both strong academic engagement and academic achievement (Wigfield & Eccles,
2000) and that growth mindsets and growth mindset interventions are associated with strong
academic achievement, especially for students who are academically underperforming or eco-
nomically disadvantaged (Macnamara & Burgoyne, 2022; Tipton et al., 2023). Importantly,
relationships between attitudes and achievement appear to be reciprocal. For example, students
who have confidence in their ability to improve their skills in mathematics through hard work
tend to perform better over time. Improved performance, in turn, boosts perceptions of com-
petence (Tschannen-Moran & Barr, 2004; Vu et al,, 2024). This study seeks to answer four
research questions: 1. How likely are teachers to set time-based and mastery-based goals for
math personalized learning software use? 2. What factors are associated with teachers’ adoption
of time-based and mastery-based goals for math personalized learning software use? 3. What is
the relationship between teachers’ time-based and mastery-based goal setting and their percep-
tions of the value of math personalized learning software? 4. What is the relationship between
teachers’ time-based and mastery-based goal setting and students’ perceptions of the value of
math personalized learning software and endorsement of growth mindsets?

Method
Participants

In Spring 2023, the Utah Education Policy Center distributed email invitations to complete a
survey on technology-enabled learning environments to 16,923 teachers in Utah.! Each invitation
included a description of the study, a personalized link to a teacher survey, and an anonymous
link to a related student survey. The teacher survey was designed to assess teachers’ general
instructional strategies in math, strategies for using math personalized learning software, per-
ceptions of math personalized learning software, and self-efficacy for teaching mathematics. The
student survey was designed to assess students’ attitudes toward math and their use and per-
ceptions of math personalized learning software.

The distribution list for email invitation included all K - 6 grade teachers in Utah as well
as all math teachers for 7" - 12" grades in Utah. The analytic sample for the current study
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includes the 1,377 teachers who consented to participate, indicated that they taught math,
completed the survey using a personalized survey link, and reported using math personalized
learning software. The analytic sample also includes 6,920 3"4—12% grade students linked to
teachers in the analytic sample. These students had teachers who completed the survey, assented
to participate using an anonymized link that was personalized for each teacher, and reported
using math personalized learning software. To enhance the reliability of analyses linking teacher
practices to student outcomes, students were included in the analytic sample only if 10 or
more students of a participating teacher completed the survey.? As described in an earlier
report (Altermatt, Timmer, et al., 2023), the sample of teachers who responded to the survey
using a personalized link was similar to the population of K-6 teachers and 7-12 grade math
teachers in Utah who were invited to participate in the survey on a wide range of teacher
characteristics (e.g. gender, age, and highest degree) and school characteristics (e.g. percent
of students who are chronically absent, low-income, and English-language learners).

Measures

Teachers and students reported using a variety of math personalized learning software programs
in their classrooms, including, most commonly, ALEKS, i-Ready, and ST Math. Text piping was
used throughout the survey such that [math software] was replaced with the software program
respondents reported using most frequently.

Teachers’ goal setting for math personalized learning software

Teachers’ goal setting was assessed with two items. First, time-based goal setting for software
use was assessed by asking teachers to indicate the extent to which they “require students to
spend a certain amount of time using [math software]” Second, mastery-based goal setting for
software use was assessed by asking teachers to indicate the extent to which they “require stu-
dents to demonstrate mastery of a certain number of concepts, topics, or skills when using
[math software]” Teachers responded to both items on a four-point scale that ranged from 1

(“not at all”) to 4 (“to a great extent”).

Context for goal setting for math personalized learning software

Teachers were asked to respond to a variety of items designed to characterize the contexts in
which math personalized learning software was being used. Following preliminary analyses,
we utilized six items or sets of items in analyses for the current study. First, teachers were
asked to indicate the grade levels in which they used math software. Teachers were considered
to be using software at the secondary level if they reported using software in Grade 7 or
above. Second, teaching experience was assessed by asking teachers to report the number of
years they had taught math. Third, software experience was assessed by asking teachers to
report the number of years that had used their current math software program. Fourth, level
of software use was assessed by asking teachers to estimate the number of minutes students
in their math class spent using math software during a typical week. Teachers who taught
more than one math class were asked to provide an estimate for the math class in which they
used the software the most. Estimates for use “during the regular school day” and “outside
of the regular school day” were summed. Fifth, level of student support was assessed by asking
teachers to indicate the extent to which, “when students use math software,” their “attention
is focused on students as they work” Teachers responded to this item on a four-point scale
that ranged from 1 (“not at all”) to 4 (“to a great extent”). Sixth, teachers’ general mastery-based
instructional practices were assessed with three items tapping the degree to which teachers
employ a set of strategies that encourage students to achieve and demonstrate mastery of
concepts (e.g. “My students have opportunities to review and practice new material in math
until they fully understand it”). These items were adapted from a measure developed by the
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RAND corporation to examine personalized learning strategies and their effects on student
outcomes (Pane et al., 2015).

In addition to self-report data, teacher and school characteristics were obtained from the
Utah State Board of Eduction. Following preliminary analyses, we utilized one school-level
variable in the current study: percentage of low-income students (i.e. the percentage of students
in the school who qualified for free- or reduced-price lunch).?

Teachers’ perceptions of the value of math personalized learning software

Teachers were asked to respond to four items tapping the degree to which they find value in the
math learning software their students are using (e.g. “[Math software] helps my students improve
their skills in math”; “[Math software] helps my students improve their confidence in math”).
Teachers responded to all four items on a five-point scale that ranged from 1 (“strongly disagree”)
to 5 (“strongly agree”). Analyses indicated that the four items formed a reliable scale (a = .85).

Students’ perceptions of the value of math personalized learning software

Students were asked to respond to six items tapping the degree to which they perceive math
software to be valuable for their learning (e.g. “[Math software] helps me improve my skills in
math” “[Math software] help me improve my confidence in math”). Students responded to all
items on a five-point scale that ranged from 1 (“strongly disagree”) to 5 (“strongly agree”). Initial

analyses indicated that the six items formed a reliable scale (a = .89).

Students’ endorsement of growth mindsets in mathematics

Students were asked to respond to one item assessing their perceptions of the degree to which
their ability in mathematics is malleable (i.e. “I have a certain amount of ability in math, and I
can't do much to change it”). Students rated their agreement with this item on a scale that ranged
from 1 (“strongly disagree”) to 5 (“strongly agree”). Ratings were reverse scored so that higher
numbers indicate greater endorsement of a growth mindset. Prior research indicates that a
single-item measure of growth mindset has psychometric properties that are similar to a three-item
measure (Rammstedt et al., 2024).

Results

RQ1. How likely are teachers to set time-based and mastery-based goals for math
personalized learning software use?

Table 1 presents descriptive statistics for all teacher-level and student-level study variables. As
highlighted in the table, teachers were, as a group, more likely to report setting time-based goals
for students’ use of software (mean = 2.81) than mastery-based goals (mean = 2.43). A depen-
dent t-test indicated that this difference was statistically significant, #(1295) = 10.46, p < .001.

Figure 1 presents frequency distributions for teachers’ ratings of time-based and mastery-based
goal setting. As shown, although teachers were more likely to report setting time-based goals
than mastery-based goals “to a great extent,” there was considerable variability across teachers
in goal setting.

RQ2. What factors are associated with teachers’ adoption of time-based and mastery-based
goals for math personalized learning software use?

To begin to explore factors that explain some of the variability in teachers’ time-based and
mastery-based goal setting for students’ use of math personalized learning software, we calculated
zero-order correlations among all teacher-level study variables. As shown in Table 2, teachers
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Table 1. Descriptive statistics for teacher-level and student-level study variables.

Variable n Range Mean or % SD
Teacher-level study variables
1. time-based goal setting for software use 1298 1-4 2.81 1.11
2. mastery-based goal setting for software use 1300 1-4 243 1.07
3. grade level (1=secondary) 1377 0,1 23.60% -
4. teaching experience (# of years) 1377 0-45 12.23 8.76
5. software experience (# of years) 1377 0-15 3.08 2.40
6. level of software use (mins/wk) 1377 0 - 300 55.24 39.25
7. student support 1218 1-4 2.78 0.79
8. mastery-based instructional practices 1373 1-4 2.49 0.61
9. % low-income students 1368 1-100 30.00% 21.00%
10. value of software 1229 1-4 3.81 0.75
Student-level study variables
1. value of software 6865 1-5 3.27 0.96
2. growth mindset in mathematics 6735 1-5 3.32 1.14
a b.
500 4 500 4
5 400 a 400 4
§ 300 1 § 300
g 2001 & 2001
L 100 % 4004
0+ - - - 0 - - - -
1 2 3 4 1 2 3 4
Notatall Tosome To a moderate To a great Notatall Tosome To a moderate To a great
extent extent extent extent extent extent

Figure 1. Frequency distributions for time-based goal setting (panel a) and mastery-based goal setting (panel b) for math
personalized learning software.

Table 2. Zero-order correlations for teacher-level study variables.

Variable 1 2 3 4 5 6 7 8 9 10
1. time-based goal setting -

2. mastery-based goal setting 27%%% -

3. grade level (1=secondary) —0.29%** .06* -

4. teaching experience (# of years) .01 .01 -0.05 -

5. software experience (# of years) -0.03 .08** .06* ) -

6. level of software use (mins/wk) 14%%% 27*¥* ] 5%** .05 ] 2xx* -

7. student support .04 247 27*%* .03 .08** 20%%* -

8. mastery-based instructional practices A et 30%** 10%** —0.04 .06 7%*x 20%** -

9. % of low-income students .06*  —0.02 —-0.04 —-0.03 —-0.05 —-0.01 —-0.05 —0.09%* -

10. value of software 13 26%%* .06 .01 18%¥* 7% 4% 23%%  —0.05 -
p < .05.

“p < .01.

"p < .001.

using software at the secondary level were less likely than teachers using software at the ele-
mentary level to report setting time-based goals for their students’ use of software (r=-0.29, p
< .001). Teachers using software at the secondary level were, in turn, more likely than teachers
using software at the elementary level to report setting mastery-based goals for their students’
use of software (r = .06, p < .05), though this relationship was considerably weaker. Teachers
with more experience using software and who reported providing higher levels of student support
during software use were more likely to report setting mastery-based goals for software use than
teachers with less experience or who reported providing lower levels of student support (rs =
.08 and .24, ps < .01). Teachers whose students used software more frequently and who reported
using mastery-based instructional practices in their math classrooms in general were more likely
to report setting both time-based and mastery-based goals for software use, but these relation-
ships were stronger for mastery-based goals (rs = .27 and .30, p < .001) than for time-based
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goals (rs = .14 and .11, p < .001). Finally, there was a weak, positive association between the
percentage of low-income students in a school and teachers’ adoption of time-based goals for
software use (r = .06, p < .05).

RQ3. What is the relationship between teachers’ time-based and mastery-based goal
setting and their perceptions of the value of math personalized learning software?

As shown in Table 2, both time- and mastery-based goal setting were positively related to
teachers’ perceptions of the value of math personalized learning software. That is, as ratings for
goal setting increased from 1 (“not at all”) to 4 (“to a great extent”), teachers’ perceptions of
the value of software also increased. However, the association was stronger for mastery-based
goal setting (r = .26, p < .001) than for time-based goal setting (r = .13, p < .001).

Given the positive association between teachers’ ratings of time-based and mastery-based
goals (r = .27, p < .001; see Table 2), we conducted a multiple regression analysis to examine
the independent effects of these goals on teachers’ perceptions of the value of math personalized
learning software. Models also controlled for other potentially confounding variables, including
grade level, teaching experience, software experience, level of software use, and general
mastery-based instructional practices. Finally, models included interactions between goals and
student support ratings to examine whether associations between goals and perceptions of value
might vary by the level of support teachers provided to students during software use. Variables
included in the interaction were centered. Results are summarized in Table 3. Estimated marginal
means are presented in Figure 2.

As shown in Table 3 and Figure 2, both time-based goal setting (panel a) and mastery-based
goal setting (panel b) were positively related to teachers’ perceptions of the value of math per-
sonalized learning software. However, the effect for mastery-based goal setting, B = .11, t=4.97,
p < .001, was stronger than the effect for time-based goal setting, B = .05, t=2.42, p < .05. A
marginally significant interaction between mastery-based goal setting and student support also
emerged (see Table 3 and Figure 2, panel b), indicating that the effect for mastery-based goals
was moderated by the level of support teachers offered to students as they used software,
B=-0.04, t=-1.91, p < .10. As indicated by the slopes of the lines in Figure 2 (panel b), the
relationship between mastery-based goal setting and teachers’ perceptions of the value of math
software was especially strong for students whose teachers provide lower levels of support as
students used math software (i.e. at levels equal to one standard deviation below the mean of
student support). Indeed, the lowest value ratings emerged for teachers who rarely set mastery-based
goals for their students’ use of math software and who also provided relatively low levels of
support to students as they used software. Importantly, these relationships held even after

Table 3. Summary of multiple regression model predicting teachers’ perceptions of the value of math learning software.

Predictor Estimate SE t
(Intercept) 3.20 11 28.72%**
1. time-based goal setting for software use .05 .02 2.42¢%
2. mastery-based goal setting for software use 11 .02 4.97%x%*
3. grade level (1=secondary) .03 .06 0.59

4. teaching experience (# of years) .00 .00 -1.15

5. software experience (# of years) .05 .01 5.79%%*
6. level of software use (minutes/week) .05 .02 2.40*%
7. student support .00 .00 1.13

8. mastery-based instructional practices 17 .04 2.04*
9. % low-income students —-0.05 .10 —0.66
Interaction 1* 7 .02 .02 0.89
Interaction 2* 7 —-0.04 .02 -1.91*
Note. Multiple Rz = .129. Adjusted R? = .120. F(11, 1122) = 15.06, p < .001.

*p < .10.

‘p < .05.

“p < .001.
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Figure 2. Estimated marginal means from regression models predicting teachers’ ratings of the value of math personalized
learning software from time-based goal setting (panel a) and mastery-based goal setting (panel b).

Note. Points represent estimated marginal means from regression models at each of four levels of time-based goal setting and mastery-based goal
setting for math personalized learning software use. Lines emanating from these points represent 95% confidence intervals.

controlling for potentially confounding variables including teachers’ general use of mastery-based
instructional strategies in mathematics.

RQ4. What is the relationship between teachers’ time-based and mastery-based goal
setting and students’ perceptions of the value of math software and endorsement of
growth mindsets?

Given that students were nested within teachers, two random-intercepts multilevel models (MLMs)
were used to examine associations between teachers’ goal setting and both students’ perceptions
of the value of math personalized learning software and their endorsement of a growth mindset.
As before, models controlled for potentially confounding variables, including grade level, teaching
experience, software experience, level of software use, and general mastery-based instructional
practices. Models also included interactions between teachers’ goal setting and teachers’ support
ratings to examine whether associations between goal setting and perceptions of value or mindset
ratings might vary by the level of support teachers provided to students during software use.
Variables included in the interaction were centered.

As shown, in Table 4, neither time-based nor mastery-based goal setting predicted students’
perceptions of the value of math software. However, mastery-based goal setting positively predicted
students’ endorsement of growth mindsets, B = .06, t=2.36, p < .05. This effect was moderated
by the level of support teachers offered to students as they used software as indicated by a sig-
nificant mastery-based goal setting x student support interaction, B=-0.06, t=-2.28, p < .05.

To aid in the interpretation of this interaction, estimated marginal means are presented in
Figure 3. As indicated by the slopes of the lines, while mastery-based goals were associated with
stronger endorsement of growth mindsets, this relationship was especially strong for students
whose teachers provided lower levels of support as students used math software. Indeed, the
lowest growth mindset ratings emerged for students whose teachers never or rarely set
mastery-based goals for their students’ use of math software and who also provided relatively
low levels of support to students as they used the software. Importantly, these relationships held
even after controlling for potentially confounding variables including teachers’ general use of
mastery-based instructional practices in mathematics.

Discussion

The results of the current study suggest that while teachers, as a group, were more likely to set
time-based than mastery-based goals for their students’ use of math personalized learning
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Table 4. Summary of multilevel models predicting students’ perceptions of the value of math learning software and growth
mindsets.

Value of Software Growth Mindsets
Predictor Est. SE t Est. SE t
(Intercept) 237 .02 15.70%** 3.70 14 25.97%**
1. time-based goal setting .01 .03 0.42 —-0.02 .03 -0.73
for software use
2. mastery-based goal —-0.03 .03 -1.02 .06 .03 2.36*
setting for software
use
3. grade level —0.34 .07 —4.81%%* —0.05 .06 -0.76
(1=secondary)
4. teaching experience (# .01 .00 1.51 .00 .00 0.86
of years)
5. software experience (# —-0.01 .01 —-0.93 —0.02 .01 -1.67
of years)
6. level of software use .07 .01 14.89%** .00 .01 —-0.49
(minutes/week)
7. student support —-0.01 .03 -0.45 .03 .03 0.03
8. mastery-based .07 .05 1.53 —-0.05 .04 -1.03
instructional practices
9. % low-income students 45 19 2.50* -0.59 A7 —3.55%**
Interaction 1* 7 .00 .03 0.14 —0.01 .02 -0.51
Interaction 2* 7 .01 .03 0.49 —-0.06 .03 —2.28*
Number of observations 6099 5989
Conditional R? .19 .06
ICC 21 .044
RMSE 0.86 1.1
p < .05.
"p < .001.
3.6
§
§ 3.4
3
£
= » Grand mean for student growth
§ 32 mindset ratings = 3.32
2 ®
5}
3.0
1 2 3 4
Not at all To some To a moderate To a great
extent extent extent

Mastery-Based Goal Setting

=&~ Low student support (-1 SD) -+- High student support (+1 SD)

Figure 3. Estimated marginal means from multilevel model predicting students’ endorsement of growth mindsets.
Note. Points represent estimated marginal means from multilevel models at each of four levels of mastery-based goal setting. Lines emanating
from these points represent 95% confidence intervals.

software, teachers also varied widely in the degree to which they set these goals. Mastery-based
goal setting for software use was unrelated to the number of years teachers taught math (see
also Wolters & Daugherty, 2007 and Wolters et al., 2010). In contrast, mastery-based goal setting
for software use was positively related to the number of years teachers used software, the number
of minutes students in their classrooms used software, and the level of support that teachers
provided to students as they used software. Together, this pattern of findings suggests that
teachers may be more likely to adopt mastery-based goals for their students’ use of software as
their experience, confidence, and engagement with the software increases. This conclusion is
consistent with evidence that years of teaching experience predicts teachers’ general instructional
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self-efficacy which, in turn, predicts teachers’ general adoption of mastery-based achievement
goal structures (Wolters & Daugherty, 2007). The finding that secondary school teachers were
slightly more likely than elementary school teachers to set mastery-based goals for their students’
use of math software (and somewhat less likely than elementary school teachers to set time-based
goals) is more puzzling given some evidence that mastery-based goal structures are more com-
mon at the elementary than at the secondary level (Wolters et al., 2010; Wolters & Daugherty,
2007). Notably, however, the extant literature has not examined whether the relationship between
academic level and goal structures is impacted by subject area (e.g. language arts vs. math).
This is important given that subject area appears to influence the likelihood that teachers will
adopt mastery-based goal structures, with language arts teachers adopting mastery-based goals
structures more frequently than math teachers (see Wolters et al., 2010). More work is needed
to examine how academic level (elementary vs. secondary), subject area (language arts vs. math),
and context (e.g. general vs. activity-specific) interact to impact teacher goal-setting.

In addition to identifying factors that impact teachers’ adoption of time-based versus
mastery-based goals for their students’ use of math learning software, the the current study
contributes to the extant literature by providing evidence to support recommendations that
teachers set mastery-based goals for students’ use of math learning software. Both time-based
goal setting and mastery-based goal setting were associated with stronger perceptions among
teachers that math software has value. However, the relationship was stronger for mastery-based
goal setting such that the highest value ratings for math personalized learning software emerged
for teachers who reported setting mastery-based goals “to a great extent” Moreover, only
mastery-based goal setting was associated with students’ beliefs that their ability in mathematics
can change with hard work. Importantly, mastery-based goal setting appears to be a particularly
strong predictor of positive teacher attitudes about the value of software and student growth
mindsets among teachers who provide relatively low levels of support to students as they use
the software. This finding is consistent with evidence that students benefit from learning envi-
ronments that effectively balance students’ needs for autonomy and support: when autonomy is
high (as it might be when teachers allow students to work independently on the software),
students may languish if teachers do not simultaneously set clear goals for learning (Johansen
et al., 2023).

The findings of the current study are consistent with a large research literature indicating
that student outcomes are improved when teachers work to create learning environments that
foster mastery orientations (Ames & Archer, 1988; Patrick & Kaplan, 2022). In addition, the
findings contribute to a still-nascent research literature on personalized learning (Bernacki et al.,
2021). While there is growing evidence that personalized learning opportunities have the potential
to benefit both teachers and students and growing advocacy for technology-enabled instruction
(Brizard, 2023), the current study reminds us that implementation strategies for digital solutions
to personalization vary widely from classroom to classroom, with clear impacts on teacher and
student outcomes. Much more work is needed to build the evidence base on personalized learn-
ing to ensure that teachers have the information and professional learning they need to effectively
implement both digital and traditional personalized learning strategies. In carrying out this work,
researchers must draw upon prior theory and research on teaching and learning and must move
beyond descriptive, exploratory research designs (Bernacki et al., 2021).

The results of the current study have practical implications insofar as they suggest that teachers
need both information on “promising practices” for math learning software implementation and
time to learn how to effectively implement these practices. Too often, Professional learning
opportunities for math learning software focus on the mechanics of implementation, leaving
little time for teachers to gain knowledge and practice skills for creating strong technology-enabled
learning environments. To the degree that professional learning can bolster the confidence of
both novice and experienced teachers in using evidence-based practices for math learning soft-
ware implementation, teachers’ adoption of mastery-based goals for their students’ use of the
software should follow (see also Desimone et al., 2002; Nolan & Molla, 2017). Findings from
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the current study suggest that adoption of mastery-based goals should, in turn, bolster teachers’
perceptions of the value of math software and students’ endorsement of growth mindsets.

Limitations

The findings of the current study contribute to the extant literature by identifying mastery-based
goal setting for math learning software use as a “promising practice” for personalized learning
software implementation. At the same time, it is important to note several important caveats
that are relevant to both empirical research and professional learning efforts.

First, we cannot infer causality from the current findings. Although we were able to control
for several potentially confounding variables (e.g. grade level, number of years of software use,
and general mastery-oriented instructional practices) in models, we are not able to rule out the
possibility that other variables might partially (or fully) explain the associations between
goal-setting, perceptions of value, and growth mindsets. Likewise, we were not able to determine
the directionality of the effect. It may be that mastery-based goal setting leads teachers to view
math software as more valuable, or it could be that teachers who value math software are more
likely to set mastery-based goals.

Second, while mastery-based goal setting was positively associated with teachers’” perceptions
of the value of math personalized learning software and students’ endorsement of growth mind-
sets, mastery-based goal setting was unrelated to students’ perceptions of the value of math
software. Instead, students’ perceptions of value were most strongly related to the number of
minutes that software was used in and outside of the classroom, as reported by teachers. This
finding is consistent with prior work linking high frequency of software use, as reported by
students, to a range of positive outcomes including greater confidence in math and heightened
perceptions of improvement in math (Altermatt, Rorrer, et al., 2023). Given a large research
literature linking student perceptions of value to myriad positive achievement outcomes (Wigfield
& Eccles, 2000), these results are important and suggest that, although mastery-based goal setting
is a promising implementation strategy, both teacher and student attitudes toward software are
influenced by multiple factors and relationships between implementation practices and outcomes
are often complex (Bonner et al, 2020; Datnow, 2020; Imants & Van der Wal, 2020). Indeed,
conversations with teachers that informed the development of the survey used in the current
study clearly indicated that there is no “one-size-fits-all” model for effective implementation of
math personalized learning software (Altermatt et al., 2022). Instead, teachers noted that effective
implementation will require that educators can draw upon the personal and instructional strengths
and that they have the flexibility, time, and resources to learn about and experiment with new,
evidence-based instructional approaches (Altermatt et al., 2022) including approaches that are
aligned with broader efforts to create personalized, competency-based learning environments
(Brodersen et al., 2017).

Finally, while, in the current study, mastery-based goal setting was associated with positive
outcomes, it is important to note that we focused on mastery-based goal setting for math
learning software use in K-12 classrooms and on achievement-related attitudes. Given evidence
that achievement goal structures and their impact vary by both academic level and subject area
(Wolters et al., 2010), it will be important for future research to examine the impact of
mastery-based goal setting in other contexts (e.g. for a range of digital learning platforms used
in language arts classrooms or in post-secondary classrooms) and on other outcomes (e.g.
student achievement). It is also important to keep in mind that mastery-based goals can take
on various forms, some of which are more beneficial than others. Decades of research on
Self-Determination Theory (Ryan & Deci, 2000) suggests that setting mastery-based goals for
software use may lead to poorer (not better) outcomes when teachers communicate—intentionally
or not—that students have little personal choice in how they use personalized learning software
or that personalized learning software has little relevance to regular classroom instruction or
the development of strong academic skills. Mastery-based goal setting is also likely to lead to
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poorer outcomes when it is accompanied by rewards, threats, or surveillance that students
perceive as controlling (Benita et al.,, 2014). Future work will be important to examine how
teachers communicate mastery-based goals for learning software use to their students and to
empirically test these hypotheses.

Notes

1. Participation in the study was voluntary at the LEA and individual level. The survey link was available for
LEA personnel and parents or guardians to review.

2. The Utah Education Policy Center (UEPC) has a data sharing agreement with the Utah State Board of Edu-
cation for use of education data for evaluation and research purposes. The UEPC adheres to terms of the
agreement, including terms of use, confidentiality and non-disclosure, data security, monitoring, and applicable
laws. The UEPC also complies with University of Utah Institutional Review Board policies for educational
research and evaluation.

3. For teachers who taught at more than one school in 2022-2023, school-level values were averaged across
schools. Values were based on 2021-2022 data as 2022-2023 data were not yet available at the time that survey
data and demographic data were joined.
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