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Abstract: The present study investigated several clusters of variables influencing students’ math
homework expectancy based on 3018 students in grade 8 in China. Results revealed that math
homework expectancy was positively associated with homework quality at both the individual and
class level. At the individual level, math homework expectancy was positively associated with prior
math knowledge, parent education, homework interest, homework favorability, parent autonomy
support, mastery-approach, and homework value. Meanwhile, math homework expectancy was
negatively associated with homework time, parent help quantity, and performance-approach. Finally,
compared with females, males tended to have higher math homework expectancy.

Keywords: achievement motivation theories; expectancy beliefs; homework expectancy; math;
middle school; multilevel analysis

1. Introduction

According to the expectancy-value theory of academic motivation [1,2], expectancy—relating to
the question “Can I do this task?”—is one of the most important motivation constructs that influence
achievement-related outcomes such as academic achievement. Given that homework is a widespread
achievement-related activity across countries with everyday importance for many students, parents,
and teachers [3–5], homework expectancy (i.e., student’s belief in being able to successfully complete
homework assignments) is highly important for homework research and practice [6,7].

One comprehensive homework model [6] has conceptualized homework expectancy as influenced
by four clusters of variables (demographic, homework, teacher, and parent variables). Yet, several
important variables that may influence homework expectancy are not explicitly included in Trautwein
et al.’s model, such as homework interest, autonomy support, and goal orientations (i.e., types of goals
or mindsets students have when doing homework assignments.

The current investigation attempts to bridge these gaps by examining models of math homework
expectancy for middle school students. A study such as this is particularly important given the
centrality of math competencies in science, technology, engineering, and math (STEM) subjects and
STEM-related careers [8], and given the more prominent role of homework expectancy in math than
in other subjects (e.g., English) [6]. Furthermore, there is a critical need to focus on middle school
students, as math expectancy steadily declines across early adolescent years [9–11].

1.1. Theoretical Framework

Expectancy-value theory [1,2] provides a comprehensive framework for understanding human
motivation in achievement-related tasks. According to expectancy-value theory, expectancy is a central
construct influencing achievement-related outcomes. It refers to the degree to which learners think
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that they can successfully accomplish an achievement-related task. Over time, studies have found
that expectancy and value have a positive influence on task engagement, persistence, and academic
achievement [12,13]. Additionally, expectancy is a stronger predictor of actual performance than
value [2,14]. Furthermore, expectancy is more strongly associated with achievement as students get
older [10,15].

Building on expectancy-value theory [1,11], Trautwein et al. [6] developed a model of factors
that influence the effectiveness of homework, with homework motivation (expectancy and value)
as the backbone of their homework model. The model adopts a domain-specific and multilevel
approach to homework motivation, as human motivation is domain-specific, and as certain teacher
and homework characteristics (e.g., homework quality) may influence students’ motivation at the
student and class levels. Specifically, this model postulates that student characteristics (e.g., gender
and prior knowledge), homework characteristics (e.g., homework time, frequency, and quality),
teacher characteristics (e.g., feedback), and the role of parents (e.g., quantity and quality of help)
influence students’ homework motivation (expectancy and value). Additionally, it postulates that
homework motivation, in turn, influences homework behavior (e.g., effort and completion) and student
achievement. Due to the link to the present investigation objectives, we focus on clusters of variables
that may affect homework expectancy.

Congruent with expectancy-value theory [1,11], Trautwein et al.’s model [6] further postulates that
homework expectancy and value (i.e., the extent to which students think homework is worthwhile) are
related. Hence, according to this model, homework expectancy could be influenced by homework value.

Although Trautwein et al. [6] do not explicitly tap into achievement goal orientations in their
homework model, expectancy-value theory posits that the expectation of success (i.e., expectancy)
is influenced by individuals’ goals (e.g., goals for learning activities) [11]. As there is growing
evidence regarding the positive influence of mastery-approach on self-efficacy [16,17], as few
studies have integrated constructs from expectancy-value theory and achievement goal theory [18],
it would be informative to study the predictive effect of homework goal orientations (mastery- and
performance-approaches) on homework expectancy.

To sum up, this body of literature suggests that homework expectancy is affected by several
clusters of variables. They include demographic, homework, teacher, parent, and other motivation
variables (homework goal orientations and homework value).

1.2. Related Literature

Informed by Trautwein et al.’s homework model [6], a number of studies have tapped into several
variables that may influence homework expectancy, including gender [19–21], prior achievements
or cognitive abilities [6,19], parent education [19], homework quality [19,20], parental homework
help [20,21], and parental homework control [6,20].

Results revealed that, compared with females, males tended to have higher math homework
expectancy [6,19]. Math homework expectancy was positively associated with homework quality at
the student and class levels [19,20]. Additionally, at the student level, math homework expectancy was
positively related to prior achievements and cognitive abilities, but unrelated to socioeconomic status
(SES) and parent education [19]. Furthermore, math homework expectancy was negatively related
to parental homework control, but unrelated to teacher homework control and parental homework
help [20].

Other studies have linked homework expectancy to academic achievement [7,19,22]. In line
with related studies based on expectancy-value theory [2,14], results from these homework studies
revealed that homework expectancy (in comparison with homework value) was a stronger predictor of
math achievement.
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1.3. The Present Study

Taken together, a number of studies suggest several variables that may influence math homework
expectancy (e.g., gender, prior knowledge, parent education, homework quality, and parental homework
control) [6,19,20]. However, extant studies did not include other important variables in Trautwein et
al.’s homework model [6] that may influence homework expectancy.

First, other than homework quality, extant studies did not include or control two homework
variables in Trautwein et al.’s model [6] that may influence homework expectancy (i.e., homework time
and homework frequency). Whereas Trautwein et al.’s model [6] does not include homework interest
and favorability (one’s favorite attitude toward homework as compared with alternative activities),
it would be important to test their predictive effects on homework expectancy, because interest has a
positive influence on competence beliefs [23,24] and because homework favorability and interest as
two empirically distinguishable constructs have a large positive correlation with each other [25,26].

Second, extant studies did not incorporate other motivational variables such as mastery-approach,
performance-approach, and homework value. Given our previous discussion concerning the predictive
effects of these variables on homework expectancy [6,16,18], it would be informative to incorporate
these variables in the current investigation.

Third, in line with Trautwein et al.’s model [6], recent literature points to the importance of
incorporating the quality of teacher and parent variables in the homework process. These variables
include the quality of teacher involvement (e.g., autonomy support and teacher feedback quality) [27,28]
and the quality of parental help (e.g., autonomy support and content support) [29,30]. Although no
systematic attempt has been made to link these “quality” variables (e.g., teacher autonomy support
and parent autonomy support) to homework expectancy, there is a need to incorporate these variables
in the current study, as concurrent validity evidence in validation studies [28,30] revealed that parent
autonomy support, parent content support, teacher autonomy support, and teacher feedback quality
were positively correlated with homework expectancy.

To bridge these important gaps in the extant literature, the current study adopted a multilevel
research model as a conceptual framework to investigate math homework expectancy at two levels:
the individual level and the class level. Specifically, we addressed the following two sets of
research questions.

The first set of research questions targeted five clusters of variables at the individual level. Is math
homework expectancy associated with demographic variables (gender, prior knowledge, and parent
education), homework variables (time, frequency, quality, interest, favorability), teacher variables
(feedback quantity, feedback quality, and autonomy support), and parent variables (frequency of
help, content support, and autonomy support), and other motivation variables (mastery-approach,
performance-approach, and value)?

The second set of research questions concerned two clusters of variables (i.e., homework and
teacher variables) at the class level. Is math homework expectancy related to homework variables
(time, frequency, quality, interest, and favorability) and teacher variables (feedback quantity, feedback
quality, and autonomy support)?

2. Materials and Methods

2.1. Participants and Procedure

Three thousand and eighteen 8th graders (45.6% female; 100% Han nationality) participated in
our study. They came from 96 classes from a number of regions in China (e.g., southeastern, central,
and southeastern). Overall, the educational level was 11.4 years and 10.6 years for fathers and mothers,
respectively, and they were significantly correlated (r = 76, p < 001).

With respect to math homework practices, 76.9% students did math homework four or more days
weekly. On average, they spent 34.1 min (SD = 24.7) on math homework a day. These practices are
similar to recent homework studies in China [30].
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We obtained permission from parents and teachers for students to participate in our current
investigation. A number of research assistants administered the instrument (see below) in math classes
during regular school hours at the end of October, after students had about eight weeks of experience
with math homework assignments at this grade level. Teachers were asked to leave their classrooms
during the instrument administration. Overall, the response rate was 88.7%.

2.2. Instruments

Participants were asked how often they received math homework from their teachers, from none
(1) to five or more days a week (5). They were also asked about the time spent doing math homework
daily, including none (1), 1–20 min (2), 21–40 min (3), 41–60 min (4), 61–80 min (5), 81–100 min (6),
101 to 130 min (7), and more than 120 min (8). Following a previous related study [31], a variable of
time on math homework was developed by converting each response to its midpoint (e.g., 1 = 0 min;
2 = 10.5 min; and 3 = 30.5 min).

Participants indicated the frequency of parent homework help, from never (1) to routinely (5). They
were also asked about education level for mother and father. A variable concerning parent education
was generated by averaging each parent’s education. Additionally, prior math knowledge was based
on students’ math grade at the end of grade 7, including F (1), D (2), C (3), B (4), and A (5).

Furthermore, we used multiple scales in our current study. Table 1 contains sample items from
these scales and their reliability coefficients.

Table 1. Reliability Estimates of Multi-Item Scales.

Scales N Sample Items α ω

HW quality a 4 Our math HW assignments really help us to understand our
math lessons. 0.87 0.87
Our math HW assignments are always well integrated into
the lessons.

HW interest b 4 I look forward to math HW
0.91 0.91I enjoy math HW.

HW favorability 3 My motivation to do math HW is ____ c other after-school
activities. 0.83 0.83
My attention while doing math HW is ___ c other
after-school activities.

Teacher feedback
quantity d

3 How much of your math HW is checked by the math
teacher? 0.70 0.71
How much of your math HW is graded by the math teacher?

Teacher feedback quality
a

4 I value the feedback I receive from my math teacher.
0.87 0.88My math teacher consistently provides me with useful

information about my HW performance.

Teacher autonomy
support a

4 My math teacher encourages me to ask questions about HW
assignments. 0.83 0.83
My math teacher listens to my ideas about HW assignments.

Parent content support a 4 My parents often ask how they can help me with my
math HW. 0.87 0.87
My parents always help me if I get stuck with my math HW.

Parent autonomy
support a

4 My parents encourage me to ask questions about HW
assignments. 0.90 0.90
My parents listen to my ideas about HW assignments.

Mastery-approach e 4 I want to learn as much as possible in math homework.
0.86 0.86I prefer math homework that really challenges me so I can

learn new things.
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Table 1. Cont.

Scales N Sample Items α ω

Performance-approach e 3 My goal in doing math HW is to get a better grade than
most of the other students. 0.76 0.76
I want to do well in math HW to show my ability to my
family, friends, teachers, or others.

HW value a 4 I don’t learn much from our math HW f.
0.84 0.85

There is no point in my doing math HW f.

HW expectancy a 4 Whether or not I do my math HW, I don’t understand a
thing in the lesson anyway f. 0.80 0.80
I sometimes really dread math HW f.

Note: N = number of items. HW = homework. a Rating: Strongly disagree = 1, Disagree = 2, Agree = 3, Strongly
agree = 4. b Rating: Strongly disagree = 1, Disagree = 2, Neither disagree nor agree = 3, Agree = 4, Strongly agree = 5.
c Rating: Much lower than = 1, Lower than = 2, About the same as = 3, Higher than = 4, Much higher than = 5.
d Rating: None = 1, Some = 2, About half = 3, Most = 4, All = 5. e Rating: Not at all true of me = 1 to Very true of
me = 7. f Item was reverse scored.

2.2.1. Homework Quality

Homework quality contained four items to measure students’ perceptions of the quality of math
homework assigned by teachers [28]. It focused on the degree to which homework was integrated into
math classes and helped participants to better understand math concepts taught in class.

2.2.2. Homework Interest

Homework interest included four items to measure students’ interest in math assignments,
drawn from the extant literature on interest and intrinsic motivation [32,33] and previous homework
studies [25,31]. It measured the extent to which students enjoyed math homework.

2.2.3. Homework Favorability

Homework favorability included three items to assess students’ favorability of math homework,
based on the extant literature [25,34–36]. It measured their affective attitude toward math homework,
in comparison with their experience with other after-school activities (e.g., regarding motivation,
moods, and attention).

2.2.4. Teacher Feedback Quantity

Drawn from related homework literature [6,37], this scale incorporated three items to assess how
frequently math homework was checked, collected, and graded by teachers.

2.2.5. Teacher Feedback Quality

Teacher feedback quality contained four items to measure the quality of the math homework
feedback offered by teachers [28]. It examined the degree to which teachers offered helpful and useful
feedback concerning math homework assignments.

2.2.6. Teacher Autonomy Support

Teacher autonomy support contained four items to assess autonomy support during the homework
process [28]. It focused on students’ perspectives of teachers’ role as autonomy supportive concerning
math homework (e.g., listening to their ideas about how to approach math homework and promoting
their initiatives).
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2.2.7. Parent Content Support

Parent content support contained four items to measure content support by parents [30].
It measured the degree to which parents provided direct assistance on math homework when
asked by students (e.g., when students experienced difficulty in completing their assignments).

2.2.8. Parent Autonomy Support

Parent autonomy support included four items to measure autonomy support by parents [30].
It focused on students’ perspectives of parents’ autonomy support regarding math homework (e.g.,
listening to their ideas about how to do math homework and encouraging their initiatives).

2.2.9. Homework Goal Orientation

We assessed mastery- and performance-approaches using the Homework Goal Orientation
Scale [38]. Four items measured students’ adoption of mastery-approach regarding math
homework (e.g., to better understand math concepts). Three items measured students’ adoption of
performance-approach concerning math homework (e.g., to do math homework better than others).

2.2.10. Homework Value

We assessed homework value using the Homework Expectancy Value Scale [7,33]. Four items
assessed students’ value belief concerning math homework (e.g., the utility and importance of math
and math homework).

2.2.11. Homework Expectancy

We assessed homework expectancy using the Homework Expectancy Value Scale [7,22]. Four
items measured students’ expectancy belief concerning math homework (e.g., self-confidence to follow
through and complete math assignments).

Regarding the predictive validity evidence of homework expectancy, in a previous validation
study with 918 students in grades 7–9, Yang and Xu [22] found that math homework expectancy was
positively related to math achievement (r = 0.24, p < 0.01). Similarly, in our study, math homework
expectancy was positively related to math achievement at the end of the school year (r = 0.31, p < 0.01).

2.3. Data Analysis

As students were nested in classes, we used a multilevel approach to address relevant issues
resulting from this nested data structure (e.g., non-independent observations) [39]. To aid the
interpretation of our findings, we standardized all continuous variables. Hence, the regression
weights for these variables were comparable with the standardized weights using multiple regression
procedures [25]

Model 1 contained seventeen student-level variables. It included demographic variables (gender,
prior math knowledge, parent education), homework variables (time, frequency, quality, interest,
and favorability), teacher variables (feedback quantity, feedback quality, and autonomy support), parent
variables (frequency of help, content support, and autonomy support), homework goal orientation
(mastery- and performance-approaches), and homework value. Model 2 included eight class-level
variables, including homework (time, frequency, quality, interest, and favorability) and teacher variables
(feedback quantity, feedback quality, and autonomy support).

All models in our study were random-intercept models [39], as we do not have any hypotheses
regarding the predictive power of the level-1 predictors across the classes. The models are presented
below. For math homework expectancy Yij, level 1 takes the following form:

Yij = β0j + β1j (Gender)ij + β2j (Parent education)ij+ . . . + β17j (Homework value)ij + rij (1)
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where Yij is the math homework expectancy measure for student i nested in class j. The variability
among the classes in the model intercept (β0j) may be affected by class-level predictors, as indicated in
level 2 below:

β0j = γ00 + γ01 (Homework time) + γ02 (Homework frequency) + . . . + γ08 (Teacher

autonomy support) + µ0j
(2)

To separate compositional and individual effects, all eight class-level variables were centered at
the group mean [39]. Full maximum likelihood was applied in our investigation. Missing values for
the current investigation varied from 0% to 5.14% (M = 1.49%), and they were imputed using the
expectation-maximization approach.

3. Results

3.1. Preliminary Analyses

Although Likert-type items are technically ordinal, Likert scales (consisting of means or sums
across multiple items) can be viewed as an interval [40,41]. Although parametric statistical methods are
based on an assumption of normally distributed interval data, Norman [41] has found that parametric
statistics are robust with respect to violations of these assumptions. In the case of hierarchical linear
models, provided with reasonably normal distributions, the results should not be affected [39,42].
In our investigation, the skewness and kurtosis values for all Likert-type scales can be viewed as quite
satisfactory; only one scale with kurtosis value was slightly larger than the absolute value 1 (i.e., 1.05
for homework quality).

As we incorporated eight class-level variables by aggregating students’ ratings of their learning
environments within each class (regarding homework and teacher characteristics), it would be
important to examine whether the aggregation of student ratings to the class level could be reliably
assessed [42]. Results indicated that the aggregate reliabilities for five class-level homework variables
were 0.71 (time), 0.92 (frequency), 0.81 (quality), 0.74 (interest), and 0.74 (favorability). The aggregated
reliabilities for three class-level teacher variables were 0.84 (feedback quantity), 0.64 (feedback quality),
and 0.75 (autonomy support). As a value of 60 is viewed as a lower bound for acceptable reliability of
aggregated ratings [20], we were able to justify the aggregation of student ratings to the class level.

Table 2 displays the means, standard deviations, and Pearson correlations of all variables. Math
homework expectancy was significantly associated with all predictor variables, except homework time
at the individual level.
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Table 2. Descriptive Statistics and Correlations.

Variables M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1 Gender (male: 1) 54 0.50 —
2 Prior math
knowledge 3.01 1.34 −0.01 —

3 Parent education 10.99 3.14 −0.01 0.34 † —
4 HW time 34.12 24.74 0.00 0.10 † 0.03 —
5 HW frequency 5.20 1.33 −0.02 0.22 † 0.14 † 0.12 † —
6 HW quality 3.15 0.61 −0.09 † 0.28 † 0.16 † 0.04 * 0.24 † —
7 HW interest 3.22 0.89 −0.01 0.34 † 0.13 † 0.09 † 0.15 † 0.43 † —
8 HW favorability 2.83 0.90 −0.02 0.32 † 0.12 † 0.10 † 0.13 † 0.32 † 0.61 † —
9 Teacher feedback
quantity 3.32 1.04 0.03 0.13 † 0.02 0.01 0.11 † 0.22 † 0.19 † 0.17 † —

10 Teacher feedback
quality 2.75 0.69 −0.02 0.18 † 0.10 † 0.05 † 0.12 † 0.38 † 0.37 † 0.29 † 0.16 † —

11 Teacher autonomy
support 2.67 0.66 −0.01 0.17 † 0.13 † 0.06 † 0.11 † 0.34 † 0.33 † 0.28 † 0.13 † 0.62 † —

12 Parent help quantity 2.71 1.06 0.06 † 0.08 † 0.23 † 0.07 † 0.06 † 0.10 † 0.21 † 0.22 † 0.16 † 0.21 † 0.20 † —
13 Parent content
support 2.53 0.70 0.02 0.09 † 0.25 † 0.05 † 0.08 † 0.20 † 0.29 † 0.25 † 0.17 † 0.26 † 0.28 † 0.57 † —

14 Parent autonomy
support 2.67 0.76 −0.06 † 0.18 † 0.20 † 0.05 † 0.10 † 0.23 † 0.30 † 0.25 † 0.15 † 0.39 † 0.46 † 0.38 † 0.50 † —

15 Mastery-approach 5.02 1.58 −0.08 † 0.42 † 0.21 † 0.07 † 0.21 † 0.40 † 0.47 † 0.39 † 0.13 † 0.39 † 0.33 † 0.14 † 0.20 † 0.31 † —
16
Performance-approach 4.32 1.60 0.04 * 0.24 † 0.16 † 0.03 0.14 † 0.19 † 0.27† 0.24 † 0.11 † 0.27 † 0.25 † 0.16 † 0.18 † 0.23 † 0.48 † —

17 HW value 3.22 0.64 −0.09 † 0.28 † 0.07 † 0.02 0.18 † 0.40 † 0.39 † 0.30 † 0.10 † 0.27 † 0.21 † 0.06 † 0.10 † 0.19 † 0.43 † 0.16 † —
18 HW time-C 34.22 8.34 −0.07 † 0.21 † 0.05 † 0.35 † 0.17 † 0.06 † 0.08 † 0.09 † 0.03 0.04 * 0.07 † 0.01 −0.04 0.06 † 0.13 † 0.02 0.12 † —
19 HW frequency-C 5.21 0.77 0.02 0.27 † 0.21 † 0.10 † 0.57 † 0.22 † 0.13 † 0.11 † 0.08 † 0.13 † 0.13 † 0.03 0.00 0.08 † 0.19 † 0.10 † 0.18 † 0.30 † —
20 HW quality-C 3.20 0.25 −0.02 0.38 † 0.34 † 0.05 † 0.30 † 0.42 † 0.24 † 0.16 † 0.09 † 0.21 † 0.22 † 0.02 0.03 0.15 † 0.32 † 0.13 † 0.30 † 0.15 † 0.53 † —
21 HW interest-C 3.28 0.33 −0.03 0.39 † 0.24 † 0.08 † 0.21 † 0.29 † 0.35 † 0.28 † 0.14 † 0.23 † 0.23 † 0.13 † 0.12 † 0.17 † 0.31 † 0.16 † 0.26 † 0.24 † 0.37 † 0.69 † —
22 HW favorability-C 2.87 0.36 −0.02 0.35 † 0.20 † 0.09 † 0.18 † 0.20 † 0.28 † 0.34 † 0.20 † 0.19 † 0.20 † 0.16 † 0.14 † 0.17 † 0.26 † 0.18 † 0.22 † 0.27 † 0.32 † 0.47 † 0.81 † —
23 Teacher feedback
quantity-C 3.33 0.47 0.01 0.17 † 0.06 † 0.02 0.10 † 0.08 † 0.11 † 0.15 † 0.45 † 0.07 † 0.06 † 0.08 † 0.06 † 0.08 † 0.06 † 0.07 † 0.06 † 0.06 † 0.18 † 0.19 † 0.31 † 0.43 † —

24 Teacher feedback
quality-C 2.77 0.22 −0.01 0.27 † 0.20 † 0.04 * 0.25 † 0.29 † 0.26 † 0.22 † 0.11 † 0.31 † 0.27 † 0.07 † 0.08 † 0.15 † 0.27 † 0.16 † 0.24† 0.13 † 0.43 † 0.68 † 0.76 † 0.63 † 0.24 † —

25 Teacher autonomy
support-C 2.70 0.26 −0.02 0.28 † 0.28 † 0.07 † 0.21 † 0.27 † 0.22 † 0.20 † 0.08 † 0.24 † 0.35 † 0.10 † 0.11 † 0.21 † 0.29 † 0.18 † 0.23† 0.21 † 0.37 † 0.63 † 0.64 † 0.57 † 0.18 † 0.78 † —

26 HW expectancy 3.03 0.68 0.07 † 0.43 † 0.18 † −0.01 0.14 † 0.32 † 0.40 † 0.33 † 0.09 † 0.18 † 0.16 † 0.04 * 0.12 † 0.18 † 0.37 † 0.15 † 0.41† 0.07 † 0.17 † 0.29 † 0.24 † 0.18 † 0.07 † 0.20 † 0.19 †

Note: HW = homework. C = class. N = 3018. * p < 0.05. † p < 0.01.
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3.2. Multilevel Analyses

The null model was carried out to estimate the variance in math homework expectancy at the
individual and class levels. Our data showed that 13.2% of the variance in math homework expectancy
was located at the class level. For the model, the deviance statistics was 8330.367 (3 parameters
estimated).

As shown in Table 3, Model 1 introduced 17 student-level variables. The deviance statistics for
Model 1 was 7293.133 (20 parameters estimated). The likelihood ratio test comparing Model 1 and the
null model was highly significant [χ2 (17) = 1037.234, p < 0.001], indicating a significant improvement of
Model 1 over the null model. Model 1 explained 27.1% of the variance in math homework expectancy
at the individual level and 79.9% of the variance at the class level.

Table 3. Multilevel Modeling Results for Math Homework Expectancy.

Model Predictor
Null Model Model 1 Model 2

b SE b SE b SE

Individual level

Gender (female: 0, male: 1) 0.23 *** 0.03 0.22 *** 0.03
Prior math knowledge 0.26 *** 0.02 0.25 *** 0.02
Parent education 0.03 0.02 0.02 0.02
Homework time −0.06** 0.02 −0.06 ** 0.02
Homework frequency −0.01 0.02 0.00 0.02
Homework quality 0.05 * 0.02 0.05 * 0.02
Homework interest 0.14 *** 0.02 0.14 *** 0.02
Homework favorability 0.09 *** 0.02 0.09 *** 0.02
Teacher feedback quantity −0.01 0.02 −0.01 0.02
Teacher feedback quality −0.03 0.02 −0.03 0.02
Teacher autonomy support −0.04 0.02 −0.04 0.02
Parent help quantity −0.07 ** 0.02 −0.07 ** 0.02
Parent content support 0.03 0.02 0.03 0.02
Parent autonomy support 0.05 * 0.02 0.05 * 0.02
Mastery-approach 0.10 *** 0.02 0.09 *** 0.02
Performance-approach −0.05 ** 0.02 −0.05 ** 0.02
Homework value 0.22 *** 0.02 0.22 *** 0.02

Class level

Homework time −0.09 0.06
Homework frequency 0.02 0.04
Homework quality 0.25 ** 0.08
Homework interest 0.16 0.13
Homework favorability −0.20 0.14
Teacher feedback quantity −0.01 0.06
Teacher feedback quality −0.04 0.11
Teacher autonomy support −0.01 0.14
R2 individual level 0.271 0.273
R2 class level 0.799 0.871
R2 total 0.340 0.352
Deviance statistics 8330.367 7293.133 7264.043
Number of estimated
parameters 3 20 28

Note. N = 3018 from 96 classes. b = unstandardized regression coefficient. SE = standard error of b. R2 = amount of
explained variance. * p < 0.05. ** p < 0.01. *** p < 0.001.

Model 2 incorporated eight class-level variables (see Table 3). The deviance statistics for Model 2
was 7264.043 (28 parameters estimated). The likelihood ratio test comparing Model 2 and Model 1 was
highly significant [χ2 (8) = 29.090, p < 0.001], showing a significant improvement of Model 2 over Model
1. At the class level, Model 2 explained an extra 7.2% of the variance in math homework expectancy.
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Overall, Model 2 accounted for 27.3% of the individual level variance in math homework
expectancy, 87.1% of the class level variance, and a total of 35.2% of the variance. Regarding
demographic variables, math homework expectancy was positively related to prior math knowledge
and parent education. Compared with females, males had higher math homework expectancy.

Math homework expectancy was significantly associated with four homework variables at the
individual level—negatively with homework time but positively with homework interest, favorability,
and quality. Additionally, it was positively related to homework quality at the class level. Concerning
parent variables, it is interesting to note that math homework expectancy was unrelated to content
support but negatively related to help quantity and positively to autonomy support. Finally, math
homework expectancy was positively related to math homework value and mastery-approach, but
negatively to performance-approach.

4. Discussion

Guided by expectancy and value theory [1,2], Trautwein et al.’s homework model [21], and previous
related studies [19,20], the present study investigated multilevel models of homework expectancy
that take into consideration five clusters of variables—demographic, homework, teacher, parent,
and other motivation variables. In the section below, we organize the discussion according to the
different clusters.

4.1. Demographic Variables

Our findings concerning demographic variables (gender, prior knowledge, and parent education)
are in line with previous studies. The finding that males tended to have higher math expectancy is
congruent with previous studies [19,20]. Similarly, the finding that math homework expectancy was
positively associated with prior math knowledge is congruent with previous studies [19,20]. Likewise,
the finding that math homework expectancy was unrelated to parent education is largely congruent
with a previous study [19]. Given that extant studies were conducted in Germany, our study, based on
Chinese students, extends this line of research by implying that these results regarding demographic
variables may be applicable across different countries.

4.2. Homework Variables

Congruent with prior studies [19,20], our current investigation showed that math homework
expectancy was positively associated with homework quality at the individual and class levels.
In addition, our study extends the extant studies by linking homework expectancy to four additional
homework variables (i.e., time, frequency, interest, and favorability). The finding that homework
expectancy was positively associated with homework interest and favorability is not surprising, as it is
in line with the extant literature in that interest has a positive influence on competence beliefs [23,24],
and in that homework favorability and interest as two distinct constructs are strongly positively
correlated [25,43] or positively reciprocally related [44]. Another related explanation is that more
self-regulated learning is likely to occur in favorite courses [45,46] or achievement-related activities [26],
which in turn serve to enhance student motivation [47].

Meanwhile, how do we explain the fact that math homework expectancy was negatively related
to homework time and unrelated to homework frequency? One plausible explanation is that Chinese
students are typically assigned math homework on a daily basis. Hence, the influence of homework
frequency on math homework expectancy may be less apparent for Chinese school students. Meanwhile,
spending more time on math homework assignments may indicate that students have difficulties with
these assignments (i.e., low homework expectancy).

4.3. Teacher Variables

How do we explain the fact that math homework expectancy was unrelated to teacher variables
(feedback quantity, feedback quality, and autonomy support)? Whereas no previous study has explicitly
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linked math homework expectancy to teacher feedback quality and teacher autonomy support, our
finding concerning teacher feedback quantity was largely in line with a study by Trautwein and
Lüdtke [20] where math homework expectancy was unrelated to teacher homework control. In their
explanation, Trautwein and Lüdtke [20] (p. 255) posit that what may matter most to homework
motivation (e.g., including homework expectancy) is the quality of teacher homework control, rather
than the quantity of teacher homework control, adding that “researchers should bear this point in mind
when constructing assessment instruments for future research”. Thus, it is surprising and intriguing to
find that math homework expectancy was unrelated to two teacher quality measures (feedback quality
and autonomy support).

4.4. Parent Variables

Concerning parent variables, the fact that math homework expectancy was negatively associated
with parent help quantity was congruent with the study by Trautwein and Lüdtke [20], where
math homework expectancy was negatively associated with parental homework control. Likewise,
the finding that math homework expectancy was unrelated to parent content support was in line with
the study by Trautwein and Lüdtke [20], where math homework expectancy was unrelated to parental
homework help. Furthermore, the present study extends the extant literature by showing that math
homework expectancy was positively associated with parent autonomy support. Taken together, these
results suggest that three parent variables (i.e., help quantity, content support, and autonomy support)
have differential influences on math homework expectancy.

In light of the related finding that math homework expectancy was not associated with teacher
autonomy support, the finding that math homework expectancy was positively associated with parent
autonomy support implies that parent autonomy support may play a more important role in enhancing
math expectancy. Given that no previous study, to our knowledge, has linked homework expectancy
to both teacher autonomy support and parent autonomy support, there is a critical need to study the
relative influence of two types of autonomy support (teacher vs. parent) on homework expectancy in
future investigation.

4.5. Other Motivation Variables

The fact that math homework expectancy was positively related to math homework value is
congruent with expectancy-value theory [1,11], Trautwein et al.’s homework model [6], and related
empirical findings [7,22]. Additionally, the finding that math homework expectancy was positively
associated with mastery-approach is congruent with the growing evidence concerning the positive
influence of mastery-approach on self-efficacy [16,48]. Meanwhile, how do we explain the finding that
math homework expectancy was negatively associated with performance-approach? One plausible
explanation is that performance goals focusing on the demonstration of competence are associated
with high anxiety and low self-efficacy [49]. This is likely to be more of a case for Chinese students, as
Confucian-heritage culture places more emphasis on face-saving and public image [50,51].

4.6. Implications for Practice

As this is the first study employing a multilevel approach to link the five clusters of variables
to math homework expectancy, there is a need to continue a line of investigation such as this prior
to providing more conclusive implications for practice. Having stated that, it appears that several
important results in the current investigation might be helpful for practice.

First, results regarding homework variables (time, frequency, quality, interest, and favorability)
suggest that it would be important to move beyond homework quantity to homework quality, interest,
and favorability when designing and developing math homework assignments. Although this
recommendation seems commonsensical, it is important to note that it is based on our findings
after controlling for prior knowledge and confounding variables in other clusters, something that
has been largely overlooked in prior empirical research. Hence, it would be important to design



Sustainability 2020, 12, 6586 12 of 16

math homework assignments that adapt to students’ learning needs and potentials (e.g., knowledge,
skills, and competence) and interests (e.g., activity and content interests) [52]. This is especially
important, as some students are more likely to struggle to follow through homework and online classes
resulting from COVID-19 (e.g., digital inequalities) [21,53]. Furthermore, given our finding that math
homework value was positively associated with math homework expectancy, it would be beneficial for
teachers and parents to help students to better understand what math homework means to them (i.e.,
the instrumental value of doing math homework relating to their educational aspirations and future
career goals). In addition, it would be important to encourage students to regularly plan and structure
preferred activities during after-school hours. Consequently, they would be less bothered or torn by
the temptation of wanting to engage in preferred activities during homework sessions, thus viewing
homework assignments more favorably [25].

The finding that math homework expectancy was positively related to mastery-approach yet
negatively to performance-approach suggests that it would be beneficial to place more emphasis on
students’ learning, improvement, and progress (as opposed to the demonstration of their competence)
in math homework. However, this may present a challenge for middle school teachers, as previous
studies indicate that it is more difficult to work with middle school teachers to develop a stronger
mastery orientation than elementary school teachers [2].

Finally, our findings concerning parent variables (help quantity, content support, and autonomy
support) imply that parents can still influence students’ math homework expectancy at the middle
school level; parent autonomy support, in particular (compared with help quantity and content
support), plays a more beneficial role in promoting math homework expectancy. Hence, it would be
important to encourage parents to provide children with autonomy support, by paying more close
attention to their ideas and by expressing growing confidence in their capacities to complete math
assignments by themselves. This type of autonomy support would be particularly important with
girls, given our findingwas in line with the extant research [19,20] that girls tend to have lower math
homework expectancy.

4.7. Strengths, Limitations, and Further Investigation

Informed by Trautwein et al.’s homework model [6] and related literature [12,30,42,48,54],
the current investigation employed multilevel models to link math homework expectancy to five
clusters of variables (demographic, homework, teacher, parent, and motivation) involving a large
sample of Chinese students. Our finding that homework expectancy was significantly related to
at least one variable from four of five clusters provides empirical support to the homework model
tested. This finding further illustrates the complexity of the factors influencing homework expectancy,
something that has been largely overlooked in previous research on homework. Specifically, our
findings point to the importance of incorporating (a) achievement goal theory and (b) other homework
variables, including homework time, interest, and favorability (i.e., not just homework quality),
in research on homework expectancy. Furthermore, our study raises an intriguing question concerning
the relative influence of parents vs. teachers (e.g., autonomy support) on homework expectancy in
further investigation.

Several limitations of the current investigation ought to be acknowledged. First, the word “effect”
should be considered as “predictive effect” [6], and our investigation was correlational in nature.
Additionally, our investigation is limited to math homework, as human motivation in general and with
homework expectancy in particular is domain-specific [11,21]. Furthermore, even though great care
was taken to include five clusters of variables, guided by Trautwein et al.’s model [21], achievement goal
theory [18], and related literature [30], unobserved predictor variables (e.g., self-regulatory strategies
and teachers’ expectancies) might have influenced math homework expectancy had they been included.

Concerning further investigation, it would be important to examine the five clusters of variables
included in the current investigation in different achievement domains (e.g., English, history,
and physics). It would also be important to pursue this line of investigation in other countries (e.g., US,
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France, and Germany), as motivational beliefs (e.g., competence beliefs) can be shaped by cultural
differences (e.g., norms, expectations, and socialization practices) [11,24,55]. Furthermore, there is a need
to carry out longitudinal research to examine how these clusters of variables may influence homework
expectancy over time (e.g., teacher autonomy support, parent autonomy support, and academic
achievement). In addition, it would be informative to use experience sampling methodology to study
how and under what conditions students’ homework expectancy changes moment-to-moment while
doing specific homework assignments. It would be particularly informative to investigate factors
that influence homework expectancy in online environments, as (a) online homework presents both
opportunities and challenges for students, parents, and teachers [37,54,56], and as (b) COVID-19 has
forced “an unprecedented massive ‘migration’ from traditional in-class face-to-face education to online
education” [57] (p. 113). Finally, given our findings concerning the differential predictive effects of (a)
homework variables (time, frequency, quality, interest, and favorability), (b) goal orientations (mastery-
and performance-approaches), and (c) teacher variables vs. parent variables on homework expectancy,
it is therefore highly desirable to undertake qualitative research to better understand the antecedents
and consequences of homework expectancy from the perspectives of students, parents, and teachers.
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