1% £

Jyvaskylan yliopiston julkaisuarkisto I
Jywiskyld University Digital Archive UNIVERSITY OF JYVASKYLA

This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Author(s): Aunola, Kaisa; Nurmi, Jari-Erik; Lerkkanen, Marja-Kristiina; Rasku-Puttonen, Helena

Title: The roles of achievement-related behaviours and parental beliefs in children’s
mathematical performance

Year: 2003

Version:

Please cite the original version:

Aunola, K., Nurmi, J.-E., Lerkkanen, M.-K., & Rasku-Puttonen, H. (2003). The roles of
achievement-related behaviours and parental beliefs in children’s mathematical
performance. Educational Psychology, 23(4), 403-421.
https://doi.org/10.1080/01443410303212

All material supplied via JYX is protected by copyright and other intellectual property rights, and
duplication or sale of all or part of any of the repository collections is not permitted, except that
material may be duplicated by you for your research use or educational purposes in electronic or
print form. You must obtain permission for any other use. Electronic or print copies may not be
offered, whether for sale or otherwise to anyone who is not an authorised user.



The Role of Achievement-Related Behaviors and
Parental Beliefs in Children’s Mathematical
Performance

Kaisa Aunola, Jari-Erik Nurmi,
Marja-Kristiina Lerkkanen and Helena Rasku-Puttonen
University of Jyviskyld, Finland

This study aimed at investigating the developmental dynamics between children’s mathematical
performance, the task-focused versus task-avoidant behaviors they show in the classroom, and their
parents’ beliefs concerning their offsprings” school competence. To investigate this, the
mathematical performance of 111 six-to-seven-year-old children was tested, and their task-focused
versus task-avoidant behaviors were rated by their teachers four times during their first school year.
Parents filled in questionnaires measuring their skill-specific and general beliefs about their
children’s school competencies at the beginning and at the end of the school year. The results
showed that parents” beliefs in their children’s general school competence increased their children’s
task-focused behaviors at school, which further predicted the child’s high level of math performance.
Parents” beliefs in their children’s competence in mathematics, in turn, contributed directly to the
children’s high mathematical performance. Moreover, children’s high performance increased
parents” subsequent beliefs in their children’s mathematical competence, whereas children’s task-
focused behaviors predicted parents” beliefs in their children’s overall school performance.

Children’s mathematical performance has been shown to be sensitive to various
motivational, cognitive, and affective influences (Pajares & Miller, 1994; Wigfield
& Meece, 1988), and the ways in which such factors are reflected in the behavior
they show in the classroom (Onatsu-Arvilommi & Nurmi, 2000). Further, parental
beliefs have been found to be associated with both children’s mathematical
performance (Entwisle & Alexander, 1990; Entwisle & Baker, 1983; Galper,
Wigfield, & Seefeldt, 1997; Hess, Holloway, Dickson, & Price, 1984; Huntsinger,
Jose, Liaw, & Ching, 1997; Jacobs, 1991), and also their achievement-related beliefs
and motivation (Frome & Eccles, 1998; Parsons, Adler, & Kaczala, 1982; Stevenson
& Newman, 1986). This study focused on examining the developmental dynamics
between children’s achievement-related behaviors, their mathematical
performance, and their mothers” and fathers” parental beliefs during the first year
of primary school.

Children’s achievement-related beliefs and behaviors have been shown to
play an important role in their academic performance. Children who show a
positive self-concept of ability (Chapman & Tunmer, 1997; Muijis, 1997), expect
success (Chapman, 1988), seek challenges (Dweck, 1990; Dweck & Leggett, 1988),
deploy task-focused behaviors (Onatsu-Arvilommi & Nurmi, 2000; Skaalvik,
1997), and are persistent in the face of obstacles (Dweck, 1986; Mantzicopoulos,
1990; Rijavec & Brdar, 1997) do well at school. By contrast, those who are afraid of
failure, avoid challenges and are not persistent in learning situations show low-
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achievement (Butkowsky & Willows, 1980; Carr, Borkowski, & Maxwell, 1991;
Diener & Dweck, 1978; Nolen-Hoeksema, Girgus, & Seligman, 1992; Nurmi,
Onatsu, & Haavisto, 1995; Midgley & Urdan, 1995; Zuckerman, Kieffer, & Knee,
1998) and even learning disabilities (Butkowsky & Willows, 1980; Chapman,
1988). Although a variety of motivational styles and achievement strategies have
been described previously (Diener & Dweck, 1978; Dweck, 1986; Jones & Berglas,
1978; Nicholls, Cheung, Lauer, & Patashnick, 1989; Onatsu-Arvilommi & Nurmi,
2000; Skaalvik, 1997), they seem to fall into two major categories. Task-focused
strategies, such as mastery-orientation (Diener & Dweck, 1978), task-involved goal
orientation (Nicholls et al., 1989) and action-oriented coping strategies
(Mantzicopoulos, 1990), are typically characterized by success expectations, high
effort and persistence. Task-avoidant strategies, like learned helplessness (Diener
& Dweck, 1978), self-handicapping (Jones & Berglas, 1978) and ego-oriented
coping (Salonen, Lepola, & Niemi, 1998) are typified by failure expectations, and
low levels of effort and persistence in academic tasks. In the present study, such
achievement-related patterns were operationalized in terms of task-focused versus
task-avoidant behaviors.

A substantial amount of research has been carried out on the motivational
and affective basis of children’s mathematical performance: their performance has
been associated with self-concept of math ability (Campbell & Beaudry, 1998;
Jacobs, 1991; Marsh, Walker, & Debus, 1991; Pajares & Miller, 1994), math self-
efficacy (Pajares & Graham, 1999; Pajares & Kranzler, 1995), expectancies for
future success (Alexander & Entwisle, 1988; Jacobs, 1991), math anxiety (Pajares,
& Miller, 1994; Wigfield & Meece, 1988), perceived difficulty (Frome & Eccles,
1998), perceptions of math usefulness (Armstrong, 1985), and the motivation to
avoid failure (Cock & Halvari, 1999). However, this research has at least three
major limitations. First, most of the studies have been cross-sectional (Ashcraft,
Kirk, & Hopko, 1998; Pajares & Miller, 1994, for a review). Consequently, little is
known about the developmental dynamics between children’s achievement beliefs
and behaviors, and their mathematical performance. Second, previous research
has focused on children’s achievement beliefs (Jacobs, 1991; Marsh et al., 1991;
Pajares & Kranzler, 1995; Pajares & Miller, 1994) rather than achievement-related
behaviors (Onatsu-Arvilommi & Nurmi, 2000). It is possible, however, that it is
the ways in which children try to handle the school tasks rather than their math-
related beliefs that play an important role in their mathematical performance.
Third, previous studies have concerned older school-age children or adolescents
(Campbell & Beaudry, 1998; Galloway, Leo, Rogers, & Armstrong, 1995; Jacobs,
1991; Pajares & Graham, 1999; Pajares & Kranzler, 1995; Pajares & Miller, 1994)
and only a few have dealt with children entering the primary school (Alexander
& Entwisle, 1988; Onatsu-Arvilommi & Nurmi, 2000; Onatsu-Arvilommi, Nurmi,
& Aunola, 2000). The entrance into primary school might be assumed to be a
particularly important developmental period, because during it children are for
the first time faced with a challenge to'master the basic academic skills (Alexander
& Entwisle, 1990) and also receive systematic feedback on their performance
(Onatsu-Arvilommi & Nurmi, 2000). Consequently, the present study focused on
investigating the developmental dynamics between children’s task-focused versus
task-avoidant behaviors and their mathematical performance during the first



school year.

Parental beliefs have been found to provide a basis for children’s math-
related attitudes and beliefs: children who show a high level of self-concept of
math ability, who expect success, and who have positive math attitudes, come
from families where parents believe in their offsprings” abilities to do well in
mathematics (Frome & Eccles, 1998; Huntsinger et al., 1997; Jacobs, 1991;
Murphey, 1992; Parsons et al., 1982; Phillips, 1987; Stevenson & Nyman, 1986;
Wagner & Phillips, 1992). In turn, children who see math as difficult and have low
expectations for their future math performance come from families were parents
believe that their children are not very good at math (Entwisle & Baker, 1983;
Phillips, 1987; Phillips & Zimmerman, 1990; Stevenson & Nyman, 1986).

Parental beliefs have also been shown to be associated with children’s
mathematical performance: parents who believe in their children’s math
competencies have children who do well in mathematics (Entwisle & Alexander,
1990; Entwisle & Baker, 1983; Galper et al., 1997; Hess et al., 1984; Huntsinger et
al., 1997; Jacobs, 1991). It has also been suggested that the impact of parental
beliefs on children’s math performance may be mediated by the children’s own
achievement-related beliefs and behaviors (Eccles, 1993; Jacobs, 1991; Murphey,
1992,

However, previous research on the relationships between parental beliefs,
children’s achievement beliefs and behaviors, and their mathematical
performance has one major limitation. The prospective relationships between
parents” beliefs, and their children’s achievement-related beliefs and behaviors,
and their mathematical performance have not been investigated by using cross-
lagged longitudinal data. It might be assumed that it is parents” beliefs that
influence children’s achievement-beliefs and behaviors (Frome & Eccles, 1998;
Jacobs, 1991; Louis & Lewis, 1992; Miller, 1986; Parsons et al., 1982; Phillips, 1987),
and subsequently their mathematical performance. Another alternative, however,
is that children’s performance is reflected in their parents” beliefs (Frome & Eccles,
1998; Miller, 1988). Consequently, this study focused on investigating the
prospective relationships between parents” beliefs, children’s achievement-related
behaviors and their mathematical performance.

Most earlier studies of parental beliefs and children’s performance have
focused on one particular set of beliefs (Miller, 1988). Some studies have focused
on parental beliefs concerning a particular skill, such as math or reading (Frome
& Eccles, 1998; Galper et al., 1997; Parsons et al., 1982; Phillips, 1987), whereas
others have investigated more general beliefs concerning children’s overall
achievement (Alexander & Entwisle, 1988; Hess et al., 1984; Peet, Powell, &
O"Donnel, 1997). Only a few studies have investigated both general and skill-
specific beliefs (Baker & Entwisle, 1987). In the present study, both parents”
general beliefs in their children’s competence at school, and their skill-specific
beliefs concerning their offsprings” mathematical competence in particular, were
investigated.
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Aims of the study

This study focused on investigating the developmental dynamics between
children’s achievement-related behaviors and their mathematical performance,
and their mothers” and fathers” beliefs about their offsprings” competencies at
school. The following research questions were examined:

(1) To what extent do the task-focused versus task-avoidant behaviors
children deploy at school predict their subsequent mathematical performance, or
is it rather the children’s mathematical performance that predict their behaviors?

(2) To what extent do parents” general beliefs about their offsprings” school
competence, and their skill-specific beliefs concerning mathematics, predict their
children’s mathematical performance later on?

(3) To what extent do parents” general beliefs and math-related beliefs
predict their children’s use of task-focused versus task-avoidant behaviors? And,
in particular, to what extent is the impact of parental beliefs on children’s
mathematical performance mediated by the behaviors children show at school?

(4) To what extent do the task-focused versus task-avoidant behaviors
children show at school and their mathematical performance contribute to their
parents” subsequent general and math-related beliefs?

METHOD

Participants and procedure

Children

A total of 111 (59 boys, 52 girls) 6- to 7-year old children (M = 7.30, SD = 0.32)
participated in the study. They came from six first-grade classes in four primary
schools situated in a medium-size town in Central Finland.! A total of 77% of the
participants were from families with two parents, 9% of the families consisted of
the mother or the father living with her/his new spouse and their children, and
13% of children were living with their single mother or father. The number of the
children in the families range from 1 to 7 (M = 2.46 , SD = 1.05).

The children were examined five times during their first school year. First,
their pre-mathematical skills were tested in August, at the beginning of the school
year. Then, they were subsequently tested four times during their first school year
- in October, December, January and April - using the Mathematical Skill Test
(Lerkkanen, 1998). In the same time periods, participants” behavior in the
classroom context was rated by their teacher using the Behavioral Strategy Rating
Scale (BSR; Onatsu & Nurmi, 1995).

! Children in Finland start school (elementary school level) in August of the year they reach the
age of seven. Before going to primary school, most children have a year in pre-school.



Parents

A questionnaire was mailed twice to the both parents of the children: in October
and April. Parents were asked to fill in the questionnaires independently of each
other. In October, a total of 96 mothers (86.5%) returned the questionnaire; and in
April, 92 (82.9%) of them returned it. In October, 82 (73.9%) of the fathers returned
the questionnaire; and in April, 65 (58.6%) of them returned it. A total of 30% of
mothers and 35% of fathers had a degree from an institution of university
standing, 63.5% of mothers and 58.5% of fathers had a degree from an institution
of professional or vocational education, and 6.5% of mothers and fathers had no
occupational education.

To investigate the possible selection effect, children whose mother or father
filled in the questionnaire at time 1 and time 2 were compared with children
whose mother or father did not return the questionnaires according to the
mathematical performance and task-focused versus task-avoidant behaviors
variables. No selection effect was found in the case of mothers. However, the
children whose father participated the study at time 1 showed a higher level of
task-focused behavior than children whose father did not participate at time 1 (F
(1,106) = 5.74, p < .05).

Measurements

Children’s measures

Premeasurement. Children’s pre-mathematical skills at the beginning of the
primary school were measured with the Number Concept Test (Liikanen, 1984).
In this test, children were read aloud 24 questions, consecutively, and asked to
mark down the answers on the separate answer sheet. The questions assessed
three kinds of mathematical knowledge or skills: (1) mathematical concepts, such
as ‘last’, ‘middle’, ‘nearest’, ‘between’, and 'before’ (e.g. “Draw a line over the shovel
in the middle.”); (2) ordinal- and cardinal numbers (e.g. “Draw a line over nine
leaves.”); (3) addition, subtraction, division and multiplication skills (e.g.” You
have four pears. You get an equal amount more. Draw a line over the number of pears you
now have.”; “Eeva has two balls. Kirsti has twice as many balls as Eeva has. Draw a line
over the number of balls Kirsti has.”).

The maximum score for the test was 24. Because the score for the Number
Concept Test was not normally distributed (z = 1.80, p<.01), a new score was
computed by combining the original values to make the distribution resemble the
normal. The new score was computed as follows: values 6 - 12 = 1, values 13 - 15
= 2, value 16 = 3, value 17 = 4, value 18 = 5, value 19 = 6, value 20 = 7, value 21 =
8, value 22 = 9, value 23 = 10, value 24 = 11. The Cronbach alpha reliability for this
test has been shown to be .82 (Ljungblad, 1971).

Mathematical performance. Children’s mathematical performance was assessed
by the use of the Mathematical Skill Test (Lerkkanen, 1998). The tasks were
modified from the Diagnostic Tests 3: Motivation, metacognition and mathematics
(Salonen, Lepola, Vauras, Rauhannummi, Lehtinen, & Kinnunen, 1994). The
structure of the test was similar at all measurement points. However, the tasks
included in the test became progressively more difficult across the measurement
points as the children became more skilled in mathematics. The test consisted of
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three parts:

(1) The mathematical-logical reasoning part consisted of four verbal
mathematical problems, which each assessed different aspects of reasoning
(transitive reasoning, number conservation, class inclusion, logical reasoning).
The problems were read aloud to the participants twice. After each problem, the
participants were asked to choose and mark down the right solution on the paper.

(2) The number sequence part consisted of four questions or tasks assessing
children’s knowledge of ordinal aspects of numbers (forward and backward). In
the first and second measurements, children were read aloud four questions (e.g.
“What number is after number five?”; "What is the number you get when you count five
numbers backward from nine?”’) and asked to write the answers down. In the third
and fourth measurements, the children’s task was to complete four rows of
numbers (e.g. “2, 4, 6, _, 10, 12"; “18, 17, _, 15, 14, 13").

(3) The basic arithmetic skill part consisted of a set of addition (e.g. “9 +5 =
_";“7 + _=14") and subtraction (e.g. “17-9 = _"; “15- _=9") tasks (12 tasks in the
first measurement; 16 tasks in the second, third, and fourth measurements).
Children were asked to do as many of them as they could.

In the Mathematical Skill Test, one point was given for each correct answer.
The total maximum score for the test was 20 in the first measurement and 24 in the
second, third and fourth measurements. The Cronbach alpha reliabilities for the
Mathematical Skill Test were .61, .72, .80, and .75, respectively at four
measurement points.

The mathematical-logical reasoning tasks are similar to those used earlier by
Pajares and Miller (1994). The tasks in the number sequence- and basic arithmetic
skill -parts are similar to those used earlier, for example, by Newcomer and Curtis
(DAP-2; 1984-90), and McCarney and Bauer (LDES; 1983-91).

Task-focused versus task-avoidant behaviors. The classroom teachers of each of
the four first-grade classes involved in the study were asked to evaluate the
behavior of each pupil in their class using the Behavioral Strategy Rating Scale
(BSR; Onatsu & Nurmi, 1995; Onatsu-Arvilommi & Nurmi, 2000). They were first
asked to consider and remind themselves how a certain pupil typically behaved
in classroom situations, and then rate his or her behavior using 5 statements (e.g.
“Does the pupil have a tendency to find something else to do instead of focusing on the
task at hand?”, reversed; “Does the pupil show persistence even in the more difficult
tasks?”) assessed on a 5-point rating scale (0 = “Not at all”, 4 = “To a great extent”).
A summary score was formed for each pupil’s task-focused versus task-avoidant
behavior. Later on, the term task-focused behavior is used to refer this. The
Cronbach Alpha reliabilities for the summary-score were .95, .94, .95, and .96,
respectively at the four measurement points. The task-focused versus task-
avoidant behavior scale of BSR has been shown to correlate moderately with
children’s self-reported task-focused behavior (.30) (Nurmi & Aunola, 2000;
Onatsu & Nurmi, 1997) and also with observers” rating of it (.42) (Nurmi &
Aunola, 2000).

Parents” measurement
The parents” beliefs about their children’s school competence were assessed with
four 4-point Likert items modeled from the questionnaires of Parsons [Eccles] et



TABLE 1 Pearson Product-Moment Correlations Between Manifest Variables and their Means and Standard Deviations.

Variables 1. 2. 3 4. B, 6. 7 8. 9. 10. 11. 12. 13. M SD
1. Premathematical Skills (0)! — 29 49% 17 54 30* 57 32* 58* 43+ 21 22 .02 7.25 3.05
2. Task-focused Behavior (1) S7 — 22 .85* .16 83 08 g8 29 .12 -07 43> 22 2.09 1.18
3. Mathematical Performance (1) 51 33* — 16 .52 27* S56* 29% 53 44 27 33 18 16.07 2.65
4. Task-focused Behavior (2) S7 87 38 — (07 86 .04 85 27+ .11 -13 -33* .13 2.18 1.15
5. Mathematical Performance (2) 63*  56** 5o+t 55 03 76 11 b6t 38** 33* 38** .16 1541 454
6. Task-focused Behavior (3) 5o*+  85** 33+  gg¥+ By .03 90 3/ -12 -19 .25 06 2.26 1.14
7. Mathematical Performance (3) b4 59 B3 B4 75 61t — 11 70 5e6* 27 37 10 15.14 4.85
8. Task-focused Behavior (4) B1% B4t 28t B8™ 1% 87 61%  — 41 (02 -07 34* 11 2.31 1.20
9. Mathematical Performance (4) S 53 47+ 51 73 55 79 56 — A5% 28 24 10 16.81 4.68

10. Mothers” Skill-specific belief 1 (0) A7+ 57*+ A48* .41* 50% .49* 63" 46™ 49" — Sl** 31 22 3.37 0.66

11. Mothers’ Skill-specific belief I (0) .22 28  46* 13 .38+ .18 37* 20 31 76 — 36 .60 3.33 0.52

12. Mothers” General belief I (0) 35 A8 43% 42% 49% 49 44 41 339%™ 46 36 — 55 312 0.65

13. Mothers” General belief II (0) .16 .24 45* 15 .30 .19 .26 21 .25 A42% 57 66t — 3.22 0.54
14. Fathers” Skill-specific belief I (0) .28 .18 39* -03 .36 .07 A6 21 36 51*  55% |14 27 3.21 0.65

15. Fathers” Skill-specific belief I (0) .10 S5 27 16 36 .24 31 .20 33% 54 48* 30 27 3.24 0.62

16. Fathers” General belief I (0) 12 32 40) A7 31 A2 40" 11 .29 30 .29 32 38 3.07 0.60

17. Fathers” General belief II (0) -.03 31 .05 A5 0 7 .09 13 .09 A2 17 .21 07 .03 3.10 0.48

18. Mothers” Skill-specific belief I (5) .43** .38* .65* .35% .52* 37* .62** 42« 61** 50" 51* 37* .48 343 0.77

19. Mothers” Skil]-speciﬁc belief IT (5) .29 .28 S5 17  52% 15 40 29 44*+  BH¥* g2 24 37 3.29 0.55

20. Mothers” General belief I (5) 40* 46*  .63** 50** 53+ 41 32 A3 31 A44% 35+ 0% 51* 302 0.64

21. Mothers” General belief IT (5) 14 .08 A41* 05 32* 03 .10 .19 .25 31 51 .23 SH2* 317 0.49

22. Fathers” Skill-specific belief I (5) .39* 36% .32 18  46* 31 63**  35* 55+ 40 33 03 17 3.30 0.81

23. Fathers” Skill-specific belief I (5) .37* A8 A8 27  39*  39*  47%  43* 42+ 37 .30 .05 .04 3.30 0.59

24. Fathers” General belief I (5) A5% 49% 49 40% B55%  42% 49** 49 41* 31 24 27 .33 3.00 0.56

25. Fathers” General belief II (5) 31 37 37 23 .33 .24 .28 .30 17 42* 34 A5 12 3.06 0.50

M 7.02 242 1525 249 14.02 2.47 13.89 268 1582 3.20 322 327 329

SD 3.06 1.08 3.25 1.07 4.65 1.13 4.85 1.11 475 0.72 0.65 059 0.56

Note 1. The correlations for boys are above the diagonal and for girls below the diagonal.

Note 2.* p < .05; ** p < .01. 0 = Premeasurement; 1 = Measurement 1; 2 = Measurement 2; 3 = Measurement 3; 4 = Measurement 4;

5 = Measurement 5.
Note 3. 'Revised score.

(continues)



TABLE 1 (continues)

Variables 14. 15. 16. 17 18. 19. 20. 21: 22, 23. 24. 25.
1. Premathematical Skills (0)' 35 a1 12 -03 26 18 31* A1 47 33 A7 -03
2. Task-focused Behavior (1) 21 -.03 A1 20 03 .10 48%* 22 05 .09 49** 16
3. Mathematical Performance (1) S 29 22 .08 B g A45% BV i L a5 S8 19 13
4. Task-focused Behavior (2) .19 .01 24 .05 -.05 .05 39* 18 -.02 .05 38* .07
5. Mathematical Performance (2) 45%* .16 A2 .01 A7 .38* 27 JZ Se** 07 21 -.08
6. Task-focused Behavior (3) 29 .08 27 23 -10 .00 A7 15 01 24 447 21
7. Mathematical Performance (3) Y .16 24 -.09 5.3 Sl 5 | 2 -.04 60 07 .10 -.20
8. Task-focused Behavior (4) 32* .05 21 .15 -.06 .01 T .13 -07 12 .34* A1
9. Mathematical Performance (4) 54 18 a5 .18 o 21 .29 A7 S3 29 21 -.08

10. Mothers” Skill-specific belief I (0) .47** 14 .05 -.07 2% 31 14 .19 A48 A7 -.04 -19

11. Mothers” Skill-specific belief IT (0) .34* .08 .20 05 S50 SR 25 34* 51l 31 .09 19

12. Mothers” General belief I (0) 31 -.06 Ap* .00 23 27 56** BHY .36% .03 22 -.04

13. Mothers” General belief II (0) 14 14 31 18 36* A2 A46™* A48** 54** 25 .21 31

14. Fathers” Skill-specific belief I (0) - A48%* S4* 2% 49%* 14 48 12 D7 43* 17 -.04

15. Fathers” Skill-specific belief I1 (0) .53"*  —— 28 A1 24 .26 .31 .18 A4 67** 18 .38*

16. Fathers” General belief I (0) 497 18 — Se* 25 10 A48 .14 50 48 44* 23

17. Fathers” General belief 11 (0) .29 .28 A6* — a3 11 A44% 15 11 AT .35 A9

18. Mothers’ Skill-specific belief I (5) .57** .18 38* 37 ——-- A5% .23 26 58 19 .07 -07

19. Mothers” Skill-specific belief I (5) .53** .19 21 22 T - . ¥ i 63% 48 34 30 39+

20. Mothers” General belief I (5) 27 .16 S50 32 2 ) il 47 ——-- 45** 36 36* o 42*

21. Mothers” General belief IT (5) D 27 18 20 HB** J2E Do — A2* 32 23 .36*

22. Fathers” Skill-specific belief I (5)  .75**  .41* 45* A42¢ 67 48** 35 S0 e 5o 35* 19

23. Fathers’ Skill-specific belief I (5)  .56**  .45* 27 Ag* 54w At 37 S B3 - .38* bo b

24. Fathers” General belief I (5) A7 437 37 A7 pE™ Jo% bere ST 66™ J0 — S56**

25. Fathers” General belief II (5) 44* .39* .30 490 49 46%  48% BT o o J6** 78 —

M 3.10 3.24 3.27 3.32 3.02 3.10 3.24 321 2.84 3.16 3.19 3.28

5D 0.74 0.64 0.61 0.47 0.88 0.73 0.58 0.52 0.92 0.63 0.74 0.58
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al. (1982) and Frome and Eccles (1998). Two of these items measured parents” (1)
Skill-specific beliefs (“How well do you think your child is doing in mathematics?”; “How
well do you think your child will do in mathematics later in school?”) and two of them
measured their (2) General beliefs (“In general, how well is your child doing at school?”;
“In general, how well do you think your child will do at school later on?").

RESULTS

The statistical analyses were carried out by the use of structural equation
modelling (SEM) with the LISRELS statistical package (Joreskog & Sérbom, 1993).
The parameters of the model were estimated using the Maximum Likelihood (ML)
procedure. The goodness-of-fit was evaluated using three indicators, x2/df,
Bentler’s (1990) Comparative Fit Index (CFI), and Bentler and Bonnet’s (Bentler,
1990) Non-Normed Fit Index (NNFI), as suggested by Gerbing and Anderson
(1993). In order to investigate whether an identical model would fit for boys and
girls, a multisample procedure suggested by Jéreskog and Sérbom (1993) was
used. The sample correlation matrix, and means and standard deviations for the
measured variables are presented in Table 1, separately for boys and girls.

In all the tested models, the constructs for mathematical performance and
task-focused behavior (time 1, 2, 3 and 4), and pre-mathematical skills (time 0)
consisted of one indicator. Consequently, their loadings were set as equal to 1
with an error term 0. The constructs for parents” skill-specific and general beliefs
at time 0 and time 5 consisted of two indicators. For each of these constructs, one
of the loadings were set equal to 1 (Table 2).

TABLE 2 Standardized Parameter Estimates for Parents” Skill-Specific and General
Beliefs at Time 0 and Time 5 (the Final Model).

Variable Time 0 Time 5
Mothets

Skill-specific belief I 0.82 0.77

Skill-specific belief II 0.74 0.64

General belief I 0.86 0.89

General belief IT 0.71 0.53
Fathers

Skill-specific belief 1 0.93 0.90

Skill-specific belief IT 0.56 0.74

General belief I 0.84 1.00

General belief I 0.61 0.67

Task-focused behavior and mathematical performance

First, a structural model using a multisample procedure was constructed to
examine the extent to which task-focused behavior prospectively predicted
mathematical performance, and the extent to which mathematical performance
prospectively predicted task-focused behavior. Besides stability coefficients, this
model included paths from task-focused behaviors to subsequent mathematical
performance measurement, and from mathematical performance to subsequent
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task-focused behavior. In order to control the preliminary level of mathematical
skills at the beginning of the school year, the pre-mathematical skill variable was
included in the model at measurement 0.

The model fitted the data well (3> = 110.17, df = 67; CFI = 0.94; NNFI = 0.94).
However, after omitting the nonsignificant paths (x* = 113.09, df = 71; CFI = 0.94;
NNFI = 0.94), the modification indices suggested that the fit of the model would
be increased by estimating the error covariances between (1) the task-focused
behavior variable at time 2 and that of time 3 for the whole sample; and (2) the
task-focused behavior construct at time 1 and the mathematical performance
construct at time 2 among boys. After these specifications, none of the indices
exceeded the value 8, suggesting that the model fitted both girls and boys data
well (x2 = 86.18, df = 69; CFI = 0.98; NNFI = 0.98; the percentage contribution to ¥
was 44.03% for girls and 56.97% for boys). The standardized beta coefficients for
this model are presented in Figure 1.

Time 0 Time1 Time?2 Time3 Time 4

FIGURE 1 Results of SEM for Children’s Task-Focused Behavior and Mathematical
Performance.

The results showed, first, that the level of children’s pre-mathematical skills
at the beginning of the school year (time 0) was positively associated with their
mathematical performance and task-focused behavior at measurement 1.
Moreover, both mathematical performance and task-focused behavior were
substantially stable across the four measurements.

Second, examination of the prospective relationships between mathematical
performance and achievement-related behaviors revealed that a high level of
task-focused behavior prospectively predicted high levels of mathematical
performance both from time 1 to time 2 and from time 3 to time 4.
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The role of mothers’ beliefs in children’s task-focused behavior
and mathematical performance

Next, in order to examine the prospective relationships between mothers” beliefs,
and their children’s task-focused behavior and mathematical performance,
maternal general and skill-specific beliefs at time 0 and time 5 were added to the
previously-mentioned model. In this model, the constructs for mothers” general
and skill-specific beliefs at the same measurement point were let to correlate.
Moreover, the stability coefficients for maternal general and skill-specific beliefs
were included in the model, as well as the paths from maternal beliefs to
subsequent mathematical performance and task-focused behavior, and from these
to subsequent maternal beliefs.

The model did not fit the data very well: x* = 332.17, df = 255; CFI=0.92;
NNFI = 0.91. After omitting the nonsignificant paths (x? = 337.67, df = 259; CFI =
0.92; NNFI = 0.91), the modification indices suggested that the fit of the model
would be increased by estimating the error covariances between: (1) one of the
general belief variables at time 0 and one of the skill-specific belief variables at
time 0; (2) one of the general belief variables at time 5 and one of the skill-specific
belief variables at time 5; and (3) one of the skill-specific belief variables at time 0
and one of the skill-specific belief variables at time 5 among boys. After these
specifications, the model fitted both girls” and boys” data well (y* = 285.27, df =
253; CFI = 0.97; NNFI = 0.96; the percentage contribution to x> was 53.44% for girls
and 47.56% for boys.). The standardized beta coefficients for this final model are
presented in Figure 2.

Time 0 Time 1 Time 2 Time 3 Time 4 Time5

FIGURE 2 Results of SEM for Mothers” General and Skill-Specific Beliefs, and Children’s
Task-Focused Behavior and Mathematical Performance.
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The results showed that the pre-mathematical skills of the children were
positively associated with the mothers” skill-specific and general beliefs: the
higher the level of the children’s pre-mathematical skills was at the beginning of
the school year, the more their mothers believed in their children’s abilities to do
well at school in general, and in mathematics, in particular. Moreover, both the
mothers” skill-specific and general beliefs showed substantial stability across the
two measurements.

Second, the mothers” skill-specific beliefs at the beginning of the first school
year predicted their children’s level of mathematical performance at time 1: the
higher confidence the mothers had in their children’s math competence, the
higher the level of mathematical performance the children showed later on. The
results also showed that the children’s mathematical performance predicted the
mothers” subsequent skill-specific beliefs: the higher the level of mathematical
performance the children showed at time 4, the more the mothers believed in their
children’s abilities to do well in mathematics, in particular.

Third, the mothers” general beliefs at the beginning of the first school year
predicted their children’s subsequent task-focused behavior at time 1: the better
the mothers expected their children to do at school in general, the higher the level
of task-focused behavior the children showed later on. Moreover, there was also
an indirect impact from the mothers” general beliefs to the children’s
mathematical performance at time 2 through the children’s task-focused behavior
(Indirect effect gongarizea = 0.16, t = 2.56): in other words, the mothers” high beliefs in
their children’s general school competence increased the children’s task-focused
rather than task-avoidant behaviors, which further increased their subsequent
performance in mathematics. Finally, the level of task-focused behavior the
children showed in the classroom predicted the mothers” general beliefs at the end
of the school year: the more task-focused behaviors the children showed at time
4, the higher confidence the mothers had on their offsprings” school performance
at the end of the school year.

The role of fathers” beliefs in children’s task-focused behavior
and mathematical performance

Next, an analogous model was tested for the fathers” data. The model fitted the
data well (x* = 284.17, df = 255; CFI = 0.96; NNFI = 0.96). However, after omitting
the nonsignificant paths (x* = 286.43, df = 258; CFI = 0.96; NNFI = 0.96), the
modification indices suggested that the fit of the model would be increased by
estimating the error covariance between one of the skill-specific belief variables at
time 5 and one of the general belief variables at time 5 among boys. After this
specification the fit of the model was good (x* = 260.32, df = 256; CFI = 0.99; NNFI
= 0.99; the percentage contribution to x* was 45.59% for girls and 54.41% for boys).
Standardized beta coefficients for this final model are presented in Figure 3.
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Time 0 Time 5
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Performance

mathematical
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FIGURE 3 Results of SEM for Fathers” General and Skill-Specific Beliefs, and Children’s
Task-Focused Behavior and Mathematical Performance.

The results showed, first, that the pre-mathematical skills of the children were
positively associated with the fathers” skill-specific beliefs: the higher the level of
children’s pre-mathematical skills was at the beginning of the school year, the
more their fathers believed in their children’s abilities to do well in mathematics,
in particular. However, the premathematical skills did not predict the fathers”
general beliefs. The fathers” skill-specific and general beliefs showed both
substantial stability across the two measurements.

Second, the fathers” skill-specific beliefs at the beginning of the first school
year predicted their children’s mathematical performance at time 1: the higher
confidence fathers had in their children’s math competence, the higher level of
mathematical performance the children showed later on. The results also showed
that the children’s mathematical performance predicted the fathers” subsequent
skill-specific beliefs: the higher the level of mathematical performance the children
showed at time 4, the more the fathers believed in their children’s ability to do
well in mathematics.

Third, the fathers” general beliefs at the beginning of the first school year
predicted their children’s subsequent task-focused behavior at time 1: the better
the fathers expected their children to do at school in general, the higher the level
of task-focused behavior the children showed later on. Moreover, there was an
indirect impact from the fathers” general beliefs to the children’s mathematical
performance at time 2 through the children’s task-focused behavior (Indirect effect
standardized = 0-24, t = 2.43): the fathers” high beliefs in their children’s general school
competence increased the children’s task-focused rather than task-avoidant
behaviors, which further increased their subsequent performance in mathematics.
Although there was a negative path from the fathers” skill-specific beliefs to the
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children’s task-focused behavior, the correlation coefficient was positive (7 = .18).
Finally, the level of task-focused behavior the children showed in the classroom
predicted the fathers” general beliefs at the end of the school year: the more task-
focused behaviors the children showed at time 4, the higher confidence the fathers
had in their offsprings” school performance at the end of the school year.

The results for both fathers and mothers were closely analogous. Only one
of the tested paths were different for mothers and fathers: the children’s pre-
mathematical skills did not predict the fathers” general beliefs as they did among
the mothers.

Mean and gender differences in the levels of parental beliefs

In order to investigate the mean differences in the parental beliefs, two-way
multivariate analyses of variance with one within-subject factor (Time:
Measurement 0 vs. Measurement 5) and one between-subject factor (Gender of the
Child) were carried out separately for general beliefs and skill-specific beliefs.
These analyses were carried out separately for mothers and fathers. The sum
scores were created for each construct by multiplying each individual variable by
its factor loading in the (final) measurement model presented in Table 2, and
calculating the means across these variables. The means and standard deviations
for the variables at the three measurement points are presented in Table 3,
separately for girls and boys.

TABLE 3 Means (M) and Standard Deviations (SD) of Parents” Beliefs for Girls and
Boys, Separately.

Variable Gender Measurement 0 Measurement 5
M SD M SD
Mothers”
Skill-specific beliefs Girls 5.00 1.00 4.31 1.08
Boys 5.23 0.81 4.74 0.82
General beliefs Girls 5,15 0.83 459 0.71
Boys 496 0.84 4.37 0.73
Fathers”
Skill-specific beliefs Girls 4.71 0.93 4.90 1.24
Boys 4.80 0.82 5.42 1.04
General beliefs Girls 4.77 0.69 5.39 1.07
Bovs 4.47 0.71 5.05 0.80

Among mothers, the main effects for gender or Time x Gender interaction were
not statistically significant in either of the analyses. However, the main effect for
time was statistically significant for the mothers” general (F (1, 76) = 45.29, p <
.001) and skill-specific (F (1, 76) = 37.40, p < .001) beliefs: the mothers reported a
lower level of general and math-specific beliefs at the end of the school year than
at the beginning.

Among the fathers, a statistically significant main effect for Time x Gender
interaction was found for the skill-specific beliefs: the fathers” reported a higher
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beliefs in their son’s and a lower beliefs in their daughter’s mathematical
performance at the end of the school year than at the beginning (F (1, 60) = 3.99, p
< .05). The analyses for the fathers” general beliefs revealed no significant main
effects for Time x Gender interaction or gender. However, the main effect for time
was significant: the fathers” general beliefs increased across the two measurements
(F (1, 60) = 36.26, p < .001).

DISCUSSION

This study focused on investigating the developmental dynamics between
parental beliefs, children’s achievement-related behaviors and their mathematical
performance. Overall, the results revealed that the impact of parents” beliefs
concerning their offsprings” general school competence on children’s math
performance was mediated via the child’s task-focused versus task-avoidant
behavior at school (Eccles, 1993). By contrast, parents” beliefs in their children’s
competence in mathematics contributed directly to their children’s high
performance. Moreover, children’s high mathematical performance was reflected
in parents” subsequent beliefs in their children’s mathematical competence,
whereas children’s task-focused behaviors increased parents” beliefs in their
children’s overall school competence.

The first aim of this study was to investigate the prospective relationships
between children’s task-focused versus task-avoidant behaviors, and their
performance in mathematics, during their first school year. The results revealed
that the achievement-related behaviors children displayed in the classroom
contributed to their math-skill development: children’s high level of task-focused
behaviors increased their subsequent improvement in mathematics, whereas their
high-level of task-avoidance decreased it. This result accords well with previous
cross-sectional findings on the role of children’s and adolescents” achievement-
related beliefs, such as self-concept of ability (Campbell & Beaudry, 1998; Jacobs,
1991; Marsh et al.,, 1991; Pajares & Miller, 1994), self-efficacy (Pajares & Graham,
1999; Pajares & Kranzler, 1995), and success expectations (Alexander & Entwisle,
1988; Jacobs, 1991), in their mathematical performance. The results of the present
study suggest that, in addition to achievement beliefs, the related behaviors at
school also play an important role in children’s math performance. Moreover, the
present study adds to the previous literature by showing that it is the
achievement-related behaviors that contribute to the math performance rather
than vice versa. Overall, the results suggest that school pupils with learning
difficulties in mathematics may benefit from efforts to change their achievement-
related beliefs in order to motivate them to deploy a task-focused rather than a
task-avoidant behavior in the classroom (Onatsu-Arvilommi & Nurmi, 2000).

The second aim of this study was to investigate the extent to which parents”
beliefs in their offsprings” competence would predict their children’s
mathematical performance and whether this impact is mediated by the
achievement-related behaviors children deploy at school. The results showed that
the impact of parents” general beliefs on their offsprings” mathematical
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performance was mediated by the children’s achievement-related behavior:
parents” high beliefs in their offsprings” academic competence increased their
children’s task-focused behavior, which, in turn, improved their subsequent
performance in mathematics. These results accord well with previous cross-
sectional findings. It has been found that parental beliefs are associated with
children’s own achievement related beliefs (Frome & Eccles, 1998; Jacobs, 1991;
Murphey, 1992; Parsons et al., 1982; Phillips, 1987; Stevenson & Nyman, 1986;
Wagner & Phillips, 1992), which, in turn, have been found to be related to
children’s mathematical performance (Pajares & Graham, 1999; Pajares &
Kranzler, 1995). The results of the present study add to this literature by providing
direct support for the notion that children’s self-perceptions and task-orientations
mediate the impact of parental beliefs on their academic achievement (Murphey,
1992; Parsons et al., 1982; Phillips, 1987). There are, however, many possible
reasons for this particular result. For example, parents” general beliefs and related
child-rearing practices may provide a basis for their children’s own self-
perceptions (Frome & Eccles, 1998; Parsons et al., 1982; Stevenson & Newman,
1986) and, consequently, their task-focused or task-avoidant behavior, which is
then reflected in their mathematical performance. Another possibility is that
parents” general beliefs about their children’s academic competencies are
associated with authoritative parenting styles (Murphey, 1992), the effective
scaffolding (Pratt, Green, MacVicar, & Bountrogianni, 1992), and rational
guidance (Maccoby & Martin, 1983), which have been shown to motivate
children’s active problem solving attempts and task-focused behavior (Ginsburg
& Bronstein, 1993; Onatsu-Arvilommi, Nurmi, & Aunola, 1998), and high
subsequent performance.

The results further showed that children’s achievement-related behavior was
reflected in their parents” general beliefs: the more task-focused behaviors
children deployed at school the more their parents” believed in their children’s
overall competence at school, whereas the more task-avoidance they showed the
less the parents believed in their competence. These results suggest that besides
school performance children’s school-related behaviors also provide information
for parents about how the child will do at school in the future.

The results revealed, however, that parents” skill-specific beliefs predicted
their offsprings” mathematical performance directly: children whose parents
believed in their offsprings” abilities in mathematics performed well in
mathematics later on. This was true even after controlling for the level of
children’s mathematical skills at the beginning of the school year. This result is
consistent with many previous cross-sectional findings (Entwisle & Alexander,
1990; Galper et al., 1997; Hess et al., 1984; Stevenson & Newman, 1986). One
explanation for the results of the present study is that parents who believe in their
children’s abilities in mathematics provide more challenging tasks and
opportunities for their children to practice math-related problem solving skills
(Musun-Miller & Blevins-Knabe, 1998). It is also possible that parents who believe
in their children’s abilities in mathematics themselves perform well in math and
have positive attitudes toward mathematics (Huntsinger et al., 1997), and,
consequently, also encourage their children in math-related activities. The results
also showed that children’s performance in mathematics was reflected in their
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parents” math-related beliefs: high performance in mathematics enhanced parents”
positive beliefs about their offsprings” mathematical competence. This result
supports earlier cross-sectional findings (Parsons et al., 1982; Phillips, 1987),
suggesting that parental beliefs reflect children’s actual skill level. This result also
fit well with the notion that school feedback has a ‘corrective’ effect on parents”
beliefs (Entwisle & Hayduk, 1978).

The relationships between children’s achievement-related behaviors and
mathematical performance, and their parents’ beliefs, were highly similar for boys
and girls. Similarly, the results for both fathers and mothers were closely
analogous. However, the results showed gender differences in how fathers
perceived their son’s and daughters” skills: fathers” beliefs in their sons’
mathematical performance increased across the school year, whereas the opposite
was true for girls. This result support the earlier notions that parents tend to
socialize their sons and daughters in a stereotypical ways, expecting girls to be
less competent in mathematics (Jacobs, 1991; Lummis & Stevenson, 1990).
However, the results of the present study did not support this notion among
mothers.

There are some grounds for caution in making generalizations on the basis
of the results presented here. First, although a cross-lagged longitudinal study
was carried out, it is possible that there were some other variables behind the
obtained path coefficients. For example, it is likely that there is a shared genetic
background behind the parents” and children’s math performance (Miller, 1988),
which may be reflected in their attitudes. Second, because the sample size of this
study was relatively small, particularly concerning the fathers” data, the results of
structural equation modelling must be interpreted with caution. Third, the present
study focused on children’s teacher-rated behaviors at school and no information
was gathered from children’s achievement beliefs. In future research, there is a
need to use a multiple-informant approach to gather data on both children’s
beliefs and their behaviors. In such research, it is also possible to examine the
extent to which the impacts of children’s beliefs on their performance is mediated
by the behaviors they show. Finally, this study included self-report data on
parents” expectations. In future studies, it would also be important to have
information about how parents” expectations are reflected in their parenting
behaviors.

Overall, the results of the present study add to previous research on the role
of achievement-related motivation, beliefs and behaviors in children’s math skill
development in at least three ways. First, the present study showed that besides
children’s math-related beliefs (Jacobs, 1991; Marsh et al., 1991; Pajares &
Kranzler, 1995; Pajares & Miller, 1994) their achievement-related behaviors, such
as focusing on task or task-avoidance, also play an important role in their
mathematical performance. Second, the present study showed that parents” beliefs
did not only provide a basis for their children’s mathematical performance both
directly, and indirectly via children’s behaviors, but that children’s performance
and behavior also had an impact on their parents” beliefs. Third, the results
suggested that not only children’s achievement-related beliefs and strategies, and
their mathematical competence, form positive or negative developmental cycles,
but also that parental beliefs are part of such a self-perpetuating, cumulative cycle.
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