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Abstract

The purpose of this research paper is to decompose effect patterns comprising achievement goals, emotions, and academic failure tolerance in a
single path model from a mathematics perspective. Teacher-education undergraduates from the College of Education of Bulacan State University,
Philippines (N = 261) got via multistage sampling accomplished the self-report measures online: Achievement Goal Questionnaire, Achievement
Emotions Questionnaire, and School Failure Tolerance Scale. Structural equation modeling was used to assess the research model. Results showed
that the modified structural model indicators have good construct reliability, convergent validity, and discriminant validity, having an adequate
fit, supporting several hypotheses. Findings showed that approach goals positively impact positive emotional pride, and negatively impact negative
outcome emotions. Negative outcome emotions impact fear and discouragement after making errors on tasks they are trying to learn. Interpersonally

defined avoidance goals yield low negative activity emotions. The path model offered a cleaner picture of the results.
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1. Introduction

Learners usually give attention to tough topics at their own
pace as long as they see themselves learning [1]. However,
when context-specific academic-related drawbacks arise and
are assumed to carry on through failure, complex develop-
ments may emerge [2, 3]-stirring achievement goals [4, 5],
achievement emotions [6], and failure tolerance [7, 8] which
when not addressed, may limit the ability to appraise neces-
sary options for structuring desired outcomes [9, 10]. Up-
holding clear achievement goals orient students to focus on
their progress rate, paying less weight to subjectively trivial
ones [11, 12], which affects emotional inputs and academic
preferences [13 — 15]. The amount of failure tolerance placed
in schools powerfully predicts risk-taking on tasks that trigger
self-enhancement goals [16 — 18], promoting mathematics effi-
ciency [3]. That is, although the students may be extrinsically
motivated by grades and by this means want to succeed in
various mathematics-related activities and learning outcomes,
they may still experience difficulties in pursuing their academic
goals, motivational glitches concerning willingness and ability
to remain focused, and on tasks in their mathematics studies.
Consequently, teachers, in the pursuance of enhancing moti-
vation towards mathematics learning, should be definite about
how students’ academic orientations, feelings, and failure tol-
erance vary and are linked to address the needs of students and
eventually assist them in academic growth [19, 20]. Thus, the
main goal of this research paper is to decompose effect patterns
comprising achievement goals, emotions, and academic failure
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tolerance in a single path model. This research contributes to
the achievement motivation research in mathematics.

2. Literature and Hypotheses

2.1 Achievement goals

Achievement goals (AGs) are mental images of intraper-
sonally or interpersonally stirred competence-based prefer-
ence one seeks to attain [4, 21]. This preference can be
chosen and later be valued according to definition and va-
lence [4, 14]. In terms of definition, we have intrapersonal
or interpersonal; in terms of valence, positive or negative
[5, 22]. AGs theorized four types-mastery-approach (MAp),
mastery-avoidance (MAv), performance-approach (PAp), and
performance-avoidance (PAv) [4, 5]. MAp focuses on refining
knowledge; MAv concentrates on avoiding misunderstanding;
PAp centers on showing good relative performance; and PAv
engages in preventing looking worse [21]. MAp and MAv are
intrapersonal, while PAp and PAv are interpersonal. MAp and
PAp are positive, while MAv and PAv are negative [22].

2.2 Achievement emotions

Achievement emotions (AEs) are formed when students as-
sume subjectively valued outcomes and activities in or out of
control [23 — 25]. AEs propose three-dimensional taxonomy:
valence-activation-object focus [25]. The valence splits positive
(e.g., pride and enjoyment) and negative (e.g., hopelessness,
boredom, anxiety, shame, and anger) emotions. The activa-
tion splits activating (e.g., shame, anger, pride, anxiety, and
enjoyment) and deactivating (e.g., boredom and hopelessness)
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Figure 1: Research model
Notes: NO negative-outcome emotion, NA negative-activity emotion, PO positive emotion, AP approach goal, AV avoidance goal, and AFT academic failure tolerance

emotions. The ‘object focus’ separates activity (e.g., enjoy-
ment, boredom, and anger) from outcome (e.g., retrospective
outcome pride and shame; prospective outcome hopelessness
and anxiety) emotions [26 — 30].

2.3 Academic failure tolerance

As Kim and Choi [8] defined: “Academic failure tolerance
(AFT) is a characteristic that responds positively and construc-
tively to failure in an academic situation.” This indicates con-
structive resistance to current failures. From constructive failure
theory, AFT varies depending on how the students respond to
and are conscious of personal goals and available assessment
and evaluation [3, 31]. With an amount of grit rising from clear
responses to valued goals and available evaluation, students
are assumed to increase effort after failure by using tougher
constructive efforts on tasks that trigger self-enhancements [16,
32].

2.4 Research model

For the research model (see Figure 1), the latent variables
are shown with an oval-NO negative-outcome emotion, NA
negative-activity emotion, PO positive emotion, AP approach
goal, AV avoidance goal, and AFT academic failure tolerance.
The single-headed arrows specify the structural relationship
between variables labeled by the research hypotheses.

Recent studies offer evidence as to the links of the key con-
structs. Approach goals are reported to have positive paths
to enjoyment, pride, and hope; whereas avoidance goals, in
general, posit significant paths to anger and boredom; while
there are paths to hopelessness and shame when interpersonally
stimulated; whereas shame has links to fear of failure [6, 15, 33
-36].

HI1: AP has a significant positive impact on PO.

H2: AV has a significant impact on NA.

H3: AV has a significant impact on NO.

H4: NO has a significant negative impact on AFT.

Interpersonally stirred avoidance goals are linked negatively
to pride and hope [23]. When attached to challenge appraisals,
approach-oriented hope and enjoyment lead to higher amounts
of engagements [25, 35, 37], while approach goals are linked

negatively to shame and hopelessness [23]. Low boredom, great
pride, and enjoyment are more likely to incite better efforts after
failure when academic control has been found [38, 39].

HS: AV has a significant negative impact on PO.

H6: PO has a significant positive impact on AFT.

H7: AP has a significant positive impact on AFT.

HS: AP has a significant negative impact on NO.

HO9: NA has a significant negative impact on AFT.

3. Methods and Materials

3.1 Design and data collection

This study used structural equation modeling (SEM) [40].
SEM combines path analysis to develop a structural model
with latent variables and factor analysis to test causal theories
comprising multifaceted constructs measured with error. To
determine the sample size, this research followed the recom-
mendation of Hair ef al. [40] involving an SEM study with
seven or fewer constructs-a minimum sample size of 150, got
via multistage sampling [41]. Voluntarily, the participants in-
cluded undergraduate students of the Bulacan State University-
College of Education (N = 261), located in Bulacan, Philip-
pines, enrolled in the school year 2020 — 2021. Specifically,
177 Bachelor of Secondary Education (67.8%) and 84 Bachelor
of Technical and Livelihood Education (32.2%) students were
used, in which 61 (23.4%) and 200 (76.6%) were males and
females, respectively.

The researcher asked for approval from the college dean to
conduct the study and moved to the actual survey after getting
approval. The survey was distributed via Google Forms. As
to ethical considerations, informed consent, respect for con-
fidentiality and anonymity, and voluntary participation were
observed. The researcher clarified all essential matters about
the study in the first section of the Google Forms survey and
asked to confirm voluntary involvement using a consent form.
Participants must have voluntarily filled out the consent form
before answering the survey. The students were given ample
time to reply. The data were transferred in a spreadsheet after-
ward.
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Table 1. Goodness of fit and fit indices of the measurement model.

Model m X2 df X*/df CFI TLI RMSEA Overall Model Fit
108  11421.58%%* 5655 202 .56 .55 .08 Inadequate
2 19 21590+ 137 158 96 .95 .06 Adequate

Notes: **%p < .001; m number of measured variables. The threshold values are as follows: X? (p > .05); X2/df (< 3); CFI (> .95); TLI (> .95); RMSEA (> .08). In case X?

is significant at p < .001, X?/df is referred [40].

Table 2. Convergent validity and construct reliability of the measurement model.

Latent Variables Measured Variables

Convergent Validity Construct Reliability

Loadings (>.70) AVE (>.50) CR(.70) «a (>.70)

NO Hol 800+ 651 929 928
Ho3 786
Ho4 830
Ax10 TTTHE
Ax14 823wk
Sh6 808
Sh7 820

NA Br2 766+ 655 791 787
Agd 85 [k

PO Prl 90 1 #x 839 913 912
Pr2 93 [

AFT Af10 7564 619 764 762
Af12 816w

AV Pvl 780%% 674 861 859
Pv2 85255
Pv3 829

AP Mpl 7585 626 834 833
Ppl 816w
Pp2 79935

Notes: ***p < .001; AVE average variance extracted; CR composite reliability; « alpha. Threshold values are placed below each
indicator. Attributes of estimators for construct reliability and convergent validity were adapted from Multivariate Data Analysis by

Hair et al. [40].

3.2 Measures

Achievement Goal Questionnaire (AGQ) [42], Achievement
Emotions Questionnaire - Mathematics (AEQ-M) [30], and
School Failure Tolerance Scale (SFT) [16] were used. AGQ has
12 items—three items reflecting each AG, evaluated on scales
from 1 (not all true of me) towards 7 (very true of me). AEQ-
M has 60 items—pride (6), enjoyment (10), boredom (6), anger
(9), anxiety (15), hopelessness (6), and shame (8). Items are
evaluated on scales from 1 (strongly disagree) to 5 (strongly
agree). Lastly, SFT has 36 items, evaluated from 1 (strongly
disagree) to 5 (strongly agree). Ignacio [29] offered evidence
on the reliability of AGQ and AEQ-M, with a,g, > .76 and
Qaeg = .71; while Clifford [16] stated SFT with a, > .80.
Reverse-coded SFT items are recoded, inferring high failure
tolerance on a high score.

3.3 Data analysis

The researcher defined the latent variables specifying rel-
evant scales. Secondly, unengaged responses were removed
through standard deviation. Thirdly, confirmatory factor analy-
sis (CFA) [40] was used to assess the models’ fit, reliability, and

validity and respecify the model. Fourthly, the structural model
was modified using fit and modification indices, observing a
priori knowledge for relevance. Lastly, after getting an adequate
structural model, each path was tested. All significant paths
were analyzed.

4. Results and Discussion

4.1 Model respecification

The overall fitness of the model was estimated based on the
goodness of fit statistic and fit indices— X chi-squared statis-
tic; X%/d f normed chi-square; CFI comparative fit index; TLI
Tucker-Lewis index; and RMSEA root mean square error of
approximation (see Table 1) [40]. The respecified measurement
model® (see Figure 2) fits the data adequately, in particular,
X2(137) = 215.90, X*/df = 1.58, CFI = .96, TLI = .95,
RMSEA = .06.

From Figure 2, all measured variables have standardized fac-
tor loadings greater than or equal to .76; all error variances are
less than or equal to .43. More than half of the variation in an
item is explained by their corresponding latent factor assessed
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Figure 2: Measurement Model
Notes: NO negative-outcome emotion, NA negative-activity emotion, PO positive emotion, AP approach goal, AV avoidance goal, and AFT academic failure tolerance

Table 3. Discriminant validity of the measurement model.

Mean SD 1 2 3 4 5 6
1. NO 322 1.21 807
2. NA 1.89 091 .608 .809
3. PO 345 1.01 -469 -586 916
4. AFT  2.60 1.15 -679 -444 239 787
5. AV 5.42 1.14 -267 -178 366 .088 .821
6. AP 5.39 1.16 =307 -208 .538 .130 .746 791

Notes: SD standard deviation; diagonal elements (in bold) present the square root of AVE; off-diagonal
entries show the latent correlations. Positive correlations move together, while negative correlations
move inversely. The diagonal entries must be higher than the absolute value of any off-diagonal entries
to establish discriminant validity. The Fornell-Larcker criterion was adapted from Fornell & Larcker

[44].

using the variance extracted. The covariances between distinct
latent variables are less than or equal to .75. While Hair ef al.
[40] suggested that latent constructs are to be specified by at
least three measures, the conscientious use of at least two but
best indicators is sufficient in SEM [43], allowing the use of
two measured variables for the NA, PO, and AFT.

From Table 2, all factor loadings are greater than or equal
to .76. The average variance extracted (AVE) on each latent
construct is greater than or equal to .62. For CR and a, all values
are greater than or equal to .76. Hence, the measured vari-
ables of each latent construct converge an acceptable amount
of explained variance, thus, reliably and validly representing
the same latent construct. Table 3 specifies the extent to which
a latent construct is distinct from others via the Fornell-Larcker
criterion [44]. The square root of the AVE is higher than any
latent correlations, showing discriminant validity—each latent
variable is distinct from the others. Accordingly, the model’s
indicators have been established (see Appendix).

4.2 Structural model modification

The overall fitness of the structural model was estimated
based on the goodness of fit statistic and several fit indices (see
Table 4). The same set of indicators defined earlier was used
to test the fit of the structural model [40]. The modified struc-

tural model? fits the data adequately with X*(125) = 198.77,
X2/df = 1.59, CFI = .96, TLI = .95, RMSEA = .06.

4.3 Path analysis and hypothesis testing

Table 5 specifies the paths supported and not supported by
the modified structural model.

Significant Path AP—PO

The magnitude of determination the students place to thor-
oughly master the material presented in math class (Mpl) as
well as to perform well in proportion to other students (Ppl,
Pp2) meaningfully impacts the amount of positive emotion—
pride (Prl, Pr2). The more the students simultaneously aim
to master the material (Mp1l) and perform well interpersonally
(Pp1, Pp2) in consequence of thinking deeply about compe-
tence as fulfilling and appealing [22], the more the students
consciously form a sense of pride in their knowledge and con-
tributions to the math class (Prl, Pr2).

Significant Paths AP—NO and NO—AFT

The lesser attention the students place on improving their
mathematical knowledge and understanding and demonstrat-
ing their ability to others induces negative-outcome emotions.
Before taking a math test, the students feel down (Hol), keep
thinking that they do not understand the material (Ho3) and that
they may never get good grades (Ho4), in addition to feeling
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Figure 3: Final Path Model
Notes: NO negative-outcome emotion, NA negative-activity emotion, PO positive emotion, AP approach goal, AV avoidance goal, and AFT academic failure tolerance

Table 4. Goodness of fit and fit indices of the structural model.

Model X? df Xx?/df CFI TLI RMSEA Overall Model Fit
1 385.42%**% 143 2.70 .87 .85 .10 Inadequate
2 198.77*** 125  1.59 .96 .95 .06 Adequate

Note: ***p < .001

sick to their stomach, suggesting feeling troubled and worried
(Ax14). While taking a math test, students worry they might get
a bad grade (Ax10). It can be observed that the future outcome
of any effort to gain academic control before and while taking
a math test can be subjectively thought of as uncertain, either
favorable or unfavorable [25]. After taking a math test, students
feel ashamed (Sh7). Likewise, they avoid eye contact when dis-
cussing the homework assignments with their classmates (Sh6).
Here, the negative-outcome emotion can be attributed to their
personal interpretation of the possible causes of past outcomes
[45]. The inadequacy of grit [32] to completely master the
material and to perform well compared to others (Mpl, Ppl,
Pp2) [21] impacts negative-outcome emotions (hopelessness
and anxiety due to uncertainty of future outcomes and shame
due to the subjective interpretation of the possible causes of past
outcomes, either caused by the self, other people, or external
circumstances) [25, 45].

The negative-outcome emotion is specified as having a sig-
nificant negative effect on academic failure tolerance. Items
Af10 and Afl2 are reverse items and were recoded during
the data analysis. Thus, the more the students hold negative-
outcome emotions, the more discouraged they get after commit-
ting errors on tasks they are trying to learn (Af10) and feel ter-
rible after giving wrong answers to a teacher’s question (Af12).
It must be pointed out that the indirect path AP-NO—AFT is
not significant. NO does not meaningfully influence variations
in AP—AFT, although AP—NO and NO—AFT are significant.

Significant Path AV—-NA

The extent of prevention the students put to avoid looking
slow, performing worse, and doing poorly in proportion to
other students (Pv1, Pv2, Pv3) influences the extent of negative-
activity emotion-boredom and anger (Br2, Ag4) in a sufficiently
meaningful way. As the students attempt to avoid doing worse

than the others entirely (Pvl, Pv2, Pv3), they become more
focused, so much that their boredom (Br2) and irritation during
math class (Ag4) diminishes. While this path is significant,
this result contradicts one of Linnenbrink-Garcia & Barger’s
[23] findings. The result of the present study involving un-
dergraduate education students confirmed that the performance-
avoidance goal (Pvl, Pv2, Pv3) relates negatively to negative-
activity emotion (Br2, Ag4). As stated by Pekrun et al. [45]:
“... boredom is induced when the activity lacks any incentive
value” (p. 38). Inversely, anger is induced when the subjective
value of achievement-related activities is high [25] (p. 320). It
can be stated that the central focus is on action for boredom
and anger, not on outcomes [25] (p. 319). Therefore, strong
performance-avoidance goals that satisfy students’ actions and
engagements in math class (Pv1, Pv2, Pv3) meaningfully yield
low boredom (Br2) and low anger (Ag4).

5. Conclusion

The present research findings attest to the reliability and
validity of the respecified measurement model (see Figure 2).
The findings show that the indicators (see Appendix) are good
and are well-suited for their purpose. The modified structural
model? (see Table 4) utilized fit and modification indices and a
priori knowledge in refining its overall fit. Findings show that
the students who simultaneously aim to master the material pre-
sented in math class and do well relative to others consciously
feel pride for their knowledge and contributions to the math
class, or else negative-outcome emotions may occur. When
future outcomes are seen as uncertain or by any means are as-
sociated with subjective causes of their past outcomes, students
who are making an effort to learn some materials presented
in the math class, if faced with academic-related drawbacks,
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Table 5. Hypothesis testing.

Hypothesis Hypothesized Path Loadings p-value Decision
H1 AP—PO 459 .000 Supported
H2 AV—-NA —-.183 .039 Supported
H3 AV—-NO -.128 .190 Not Supported
H4 NO—AFT =797 .000 Supported
H5 AV—PO 101 296 Not Supported
H6 PO—AFT —-.058 .656 Not Supported
H7 AP—AFT -.053 .617 Not Supported
H8 AP—-NO =251 .006 Supported
HO9 NA—AFT .169 264 Not Supported

Notes: NO negative-outcome emotion, NA negative-activity emotion, PO positive emotion, AP
approach goal, AV avoidance goal, and AFT academic failure tolerance

both discouragement and fear of committing errors preoccupy
their minds. Strong performance-avoidance goals that satisfy
students’ actions in the math class produce low boredom and
low anger. The final path model (see Figure 3) utilizing the
achievement goals, emotions, and failure tolerance constructs
presented a more straightforward and cleaner picture of the find-
ings, bearing in mind the indicators of the modified structural
model.

6. Recommendation

The researcher initially tried to assess the fit, reliability, and
validity of each construct existing in the literature but was
unsuccessful due to low construct and discriminant validity and
thus ended up with six constructs through item parceling. The
study included teacher education students. In connection to this,
the researcher recommends using a more diverse set of samples
to acquire more information comprising indirect effects and not
ending up with item parceling.
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Appendix. Indicators of the modified measurement model

LV MV

Indicators

Hol I feel down.**®

Ho3  Ikeep thinking that I don’t understand the materia

1 #%b

Ho4  Ikeep thinking that I will never get good grades in mathematics.**®

NO Ax10

When taking the math test, I worry I will get a bad grade.

wxd

Ax14  When I have an upcoming math test, I get sick to my stomach.*®

Sh6 ~ When I discuss the homework assignments with my classmates, I avoid eye contact.*

Sh7  After taking a test in mathematics, I feel ashamed.™*

Br2 I can’t concentrate because I am so bored.***¢

NA
Agd4 1 getirritated by my math class.”*¢
PO Prl I think I can be proud of my knowledge in mathematics.™**
Pr2 I am proud of my contributions to the math class.”™**
AFT Af10 I get very discouraged if I make errors on a task I am trying to learn.”**
Af12  If I give a wrong answer to a teacher’s question, I feel terrible.”**
Pvl My aim is to avoid doing worse than other students.
AV Pv2 T am striving to avoid performing worse than others.
Pv3 My goal is to avoid performing poorly compared to others.
Mpl My aim is to completely master the material presented in this class.
AP Ppl My aim is to perform well relative to other students.

Pp2  Iam striving to do well compare to other students.

Notes: LV latent variables; MV measured variables; NO negative-outcome emotion, NA negative-activity emotion, PO positive

emotion, AP approach goal, AV avoidance goal, AFT academic failure tolerance;
emotion experienced after taking a math test; *¢ emotion experienced while

wxd

wxa

emotion experienced while taking a math test;

studying or doing homework in math; **¢ emotion experienced while being in math class;

ok

math class; reverse coded item.

**® emotion experienced before taking a math test;

wka

emotion experienced after being in





