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Teaching and Learning, The purpose of this research is to gather empirical evidence for attribution theory
ey e b (Weiner in J Educ Psychol 71(1):3-25. https://doi.org/10.1037/0022-0663.71.1.3,1979)

to explain students'feelings of helplessness when learning mathematics. The relation-
ships between mathematics literacy in PISA 2012 and learned helplessness were also
observed. Korean and Finnish students' responses were analyzed with ordinal and lin-
ear regression analyses. Similar patterns were found between the two countries when
students attributed their failure to either ability or task difficulty, but different relation-
ships were found for other attributions. The findings indicated necessity of cultural
factors in addition to the attribution theory to understand students’ helplessness in
learning mathematics better.
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Introduction
Korean teachers and educators have recognized the issue that increasing numbers of
students give up on mathematics. Korean public media have seriously discussed those
students who avoid learning mathematics, calling them “su-hak po-gi-ja [mathematics
abandoners]” in Korean (e.g., Jung 2015). Koreans’ worries about mathematics abandon-
ers require systematic investigations to understand why students do so. However, few
studies have been conducted solely on how many Korean students could be labelled as
mathematics abandoners (see Na et al. 2016). As seen in Jung’s news article (2015), Kore-
ans believe the main reasons for avoiding learning mathematics are difficult curriculum,
preparation for college entrance exams, and traditional mathematics instruction. How-
ever, these factors do not fully describe the situation, which seems like a complex problem
related to psychological (e.g., motivation and attitude toward mathematics), educational
(e.g., curriculum, high-stakes tests, and instructional approach) and sociological fac-
tors (e.g., socioeconomic status) simultaneously. Therefore, it is still necessary to gather
research evidence about why Korean students are discouraged in learning mathematics.
In this research, students’ avoiding learning mathematics is considered as one of
maladaptive behaviors causing a gap between their potential and actual achievement,
referred as “learned helplessness” (McNabb 2003). Because of the complexity of this
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issue in Korea, I recognize that the idea of learned helplessness may incompletely
accounts for Korean students’ feeling and behaviors. However, studies about learned
helplessness can contribute to better understanding of the psychological factors related
to avoiding learning mathematics. It is shown that Korean students have negative atti-
tudes toward mathematics and low motivation in learning mathematics in international
comparison studies (Mullis et al. 2012), which indicated possible impacts of psychologi-
cal factors on giving up mathematics. Also, challenge avoidance, giving up, and lack of
enjoyment characterized learned helplessness according to previous studies (McNabb
2003). Although most studies on learned helplessness did not focus on learning math-
ematics, observed behaviors of learned helplessness are very close to what Korean stu-
dents reported.

Specifically, learned helplessness is adopted in this research for three reasons: (1) there
are a large body of educational psychology research on learned helplessness which are
fundamental for our study; (2) characteristics of mathematics abandoners are similar to
what prior studies on learned helplessness have found. However, in Korean contexts, no
research has been found to define “mathematics avoidance”; and (3) there is a collected,
but not analyzed dataset, namely the Programme for International Student Assessment
(PISA) 2012. The Organisation for Economic Co-operation and Development (OECD
2013) provides student questionnaire data on helplessness in learning mathematics for
research purposes. Recently, the datasets of PISA 2015 and the Trends in International
Mathematics and Science Study (TIMSS) 2015 have been released. However, these data-
sets do not include information about students’ helplessness in learning mathematics.
Particularly, the student questionnaires in PISA 2015 did not include questions about
learned helplessness in mathematics because science is the focal subject of the PISA
2015.

Numerous studies have attempted to define conditions in which adaptive or maladap-
tive behaviors occur. Learned helplessness is one of the underlined maladaptive behav-
iors. To explain the conditions for learned helplessness, Rotter (1966) discussed social
cognitive theories and Weiner (1979) developed attribution theory from Rotter’s argu-
ment. The key idea in Rotter’s and Weiner’s arguments is a locus of control defined as “the
tendency of people to perceive that outcomes in a particular arena were either within or
outside of their control” (McNabb 2003, p. 418). Furthermore, Diener and Dweck (1978)
claimed that students were likely to feel learned helplessness if they thought that the
outcome was out of their control. Along with Diener and Dweck’s claim, this research
attempted to analyze who are likely to feel learned helplessness based on Weiner’s (1979)
attribution theory. Some researchers have also observed relationships between achieve-
ment and learned helplessness because learned helplessness has been studied in relation
to underachievement (McNabb 2003).

To examine Korean students’ learned helplessness, I select Finland for binational
comparison. A rationale for this selection is that international interest in Finnish
mathematics education has grown due to Finnish students’ success in the large-
scale international comparison studies (Andrews et al. 2014). Results of TIMSS and
PISA have indicated that the Finnish education system is internationally well known
to function comparably, while remaining close to what mathematics educators find
desirable (Seaberg 2015). For example, the Finnish education system emphasizes
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local flexibility, diversity of school curricula, and individual growth (Kupiainen
et al. 2009). However, as one of the East Asian countries with high achievement,
Korea is known to have standardized, content-oriented, and examination-driven
curricula (Leung 2001). Thus, comparisons between Korea and Finland merit fur-
ther scrutiny.

As suggested by Clarke (2003), it is critical to understand that comparison stud-
ies contribute to articulating commonalities and differences among educational
systems. Practices, policies, and school systems are dissimilar between Korea and
Finland, which should be considered as variables rather than a constant (Keitel and
Kilpatrick 1999). Therefore, the research on students’ learning in relation with edu-
cational system requires consideration of the social and cultural factors that poten-
tially affect students’ learning behaviors. In this sense, these large-scale assessments
might not fully address how students learn mathematics in the Korean and Finn-
ish education systems. However, this research attempts to take a beginning step to
explain how and why Korean students become mathematics abandoners by focusing
on the psychological factors and by comparing the factors across countries. One
should be very careful to infer how cultural differences is related to attribution the-
ory, learned helplessness, and mathematics achievement, which should be answered
in follow-up studies.

The purpose of the research is to gather empirical evidence for relationships
between the four attributions in Fig. 1 and learned helplessness. Attribution theory
will be discussed more in the literature review. This research also aims to link stu-
dents’ achievement in mathematics literacy to learned helplessness. The data analysis
will examine probabilities that Korean or Finnish students feel learned helplessness
for mathematics with respect to the attribution theory. Comparing Korea and Finland
will show similarities and differences in the probabilities for learned helplessness and
the relationships between learned helplessness and mathematics literacy. The ques-
tions guiding this research are: (1) What are the probabilities that Korean and Finnish
students feel learned helplessness when they attribute academic outcomes to the fol-
lowing perceived causes via PISA 2012: academic ability, the effort spent in prepara-
tion, difficulty of tasks, and luck elements? And (2) what are the differences between
Korean and Finnish students in the relationships between their feelings of learned

helplessness and mathematic achievement?
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Fig. 1 Four attributions that explain academic outcomes (McNabb 2003, p. 419)
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Literature review

To answer the research questions, I relied on literature about the following top-
ics: (1) what learned helplessness is, (2) how it has been studied theoretically and
empirically, and (3) how learned helplessness differs in various cultural contexts. It
is important to understand the definition of learned helplessness because I want to
eventually connect this concept to Korean students’ behavior of avoiding learning
mathematics. Theoretical and empirical studies on learned helplessness provide sup-
portive evidence for attribution theory (Weiner 1979) to explain learned helplessness.
Cross-cultural studies might help to show how the attribution theory can be applied
to Korea. Lastly, we will discuss PISA because understanding of mathematical literacy
is critical to interpreting and generalizing the findings in this research.

Learned helplessness

Learned helplessness involves the belief that nothing does matter as we can reason
intuitively. In research with animals, learned helplessness is formally defined as “the
probability of an important outcome (O) [...], given a response (R) is not different
from the probability of (O) given the absence of that response (notR)” (Maier and
Seligman 2016, p. 349). Helplessness is learned with pairing the above two condi-
tional probabilities and generalizing them across all responses, which indicates that
learned helplessness is cognitive. The animal must identify the lack of dependency
and must expect that an important outcome and its response are independent (Maier
and Seligman 2016).

Learned helplessness have been studied in human setting since 1970s. There are
three directions of such studies: (a) replication in apparently analogous human set-
tings (e.g., Hiroto and Seligman 1975); (b) explanations that people make for causes
of their failure to escape in unescapable group (e.g., Alloy et al. 1984); and (c) a lava-
tory model of critical depression (e.g., Simson and Weiss 1989). Particularly, research
in the second direction has shown that people would show long-term helplessness if
they attribute their helplessness to permanent causes rather than temporary causes.
In addition, learned helplessness in the laboratory could produce the eight symp-
toms of depressive disorder: sad mood, loss of interest, weight loss, sleep problems,
psychomotor problems, fatigue, worthlessness, indecisiveness or poor concentration
(Maier and Seligman 2016, p. 351).

Differently from the psychological studies, prior educational research has explored
learned helplessness as unpleasant emotion with a connection to a predictor of poor aca-
demic performance or underachievement. Educators have well recognized interactions
between cognition and emotion and the effects of emotions in learning mathematics (Di
Martino and Zan 2011). Although actual effects of emotions are difficult to examine,
students emotional responses can shut down their problem solving entirely when faced
with a lot of pressures in a situation (Hannula 2002). Particularly, some unpleasant emo-
tions could cause students underachievement, which prompted research on students’
various types of anxiety. While describing test anxiety and mathematics anxiety, Hem-
bree (1990) referred anxiety as “the feelings of uncertainty and helplessness in face of



Hwang Large-scale Assess Educ (2019) 7:4 Page 5 of 19

danger” (p. 33). This certainly showed that learned helpless is related to student’s emo-
tional status in specific situations like facing danger or pressures.

Prior studies have investigated students’ behaviors which results from their emo-
tions because emotions are difficult to investigate directly. According to McNabb
(2003, p. 418), the followings have been considered as adaptive academic behaviors:
challenge seeking, persistence, and task enjoyment. On the opposite side, challenge
avoidance, giving up, and lack of enjoyment were regarded as maladaptive or helpless
academic behaviors. Helplessness itself can be defined as an emotional status. How-
ever, McNabb’s explanation showed that defining students with learned helplessness
is practically more useful by observing their behaviors. To sum up, students who feel-
ing learned helpless can be characterized with the three maladaptive behaviors, chal-
lenge avoidance, giving up, and lack of enjoyment.

Attribution theory

As mentioned in the second direction of research with people’ being learned helpless,
the majority of this research has attempted to answer who are likely to feel learned help-
lessness. Weiner (1979) established a foundation to examine learned helplessness by
suggesting attribution theory. This theory is grounded on the claim that the way stu-
dents attribute outcomes to perceived causes is connected to academic performance and
learned helplessness (Marsh 1990). Weiner and his colleagues originally suggested the
four attributions in Fig. 1: academic ability, effort spent in preparation, the difficulty of
tasks, and luck elements in solving tasks.

Weiner’s (1979) model was a good starting point to organize approximately 60 causes
already revealed in interviews and surveys with two dimensions: locus of control (Rotter
1966) and stability. Locus of control was considered important even before attribution
theory was proposed because it was broadly assumed that students felt helpless when
outcomes are out of their control (Abramson et al. 1978). However, there have been cri-
tiques saying that these dimensions were ambiguous. For example, efforts could be sta-
ble when a person had the stable intent to work hard (Hau and Salili 1993) and ability
may be unstable if a person believe that ability is not fixed, but changeable across time
(McNabb 2003).

Weiner’s (1979) also recognized that the two dimensions were not enough to cat-
egorize causes. With respond to those critiques, he suggested one more dimension:
controllability, which should be distinguished from locus of control. Controllability is
about whether or not students are able to deal with perceived causes, while locus of con-
trol is about whether perceived causes are external or internal. For example, sickness
on the day of the exam is uncontrollable, internal, and unstable while a teacher’s bias
is controllable, but stable and external (Weiner 1986). Although three dimensions were
established, I followed Weiner’s original model with only the two dimensions. This is
because a complex model is not always a better option for research. At the initial stage
of research, a simpler model can provide insights to understand students’ behaviors and
provide more ideas about how to apply complex models if the behaviors are considerably
unexplained with the simple model. Another rationale for using the original model is
the structure of the PISA data. I selected some variables and reorganized the data about
Korean and Finnish students from the PISA database. However, the PISA questionnaire
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(OECD 2013) did not include questions for all three dimensions. The initial two dimen-
sions, conversely, could be observable through the PISA database.

Empirical research and cross-cultural research

Prior studies based on attribution theory and learned helplessness has been con-
ducted in the two main phases; development of instruments to measure students’
attributions and investigation of the relationships among attributions measured by
the instruments, helplessness, and academic achievement. Hau and Salili (1993) sum-
marized instruments measuring specific causes developed before 1990 (see Hau and
Salili 1993, pp. 382-383). Most of the instruments were developed based on the three
dimensions of Weiner’s (1979) models. One of the well-known instruments is the Syd-
ney Attribution scale (SAS; Marsh et al. 1984). The 72 items on 24 scenarios in math-
ematics and reading were designed in the SAS to produce five-scale points for efforts,
ability, and external causes. In the PISA assessment that I used, students’ attributes
were measured with simple questions in a questionnaire. Details will be presented in
the method section to describe the variable selection process. The simple questions
directly examining each attribution can be less reliable than instruments like the SAS,
but this is the limitation of secondary analysis with an existing dataset.

After development of instruments measuring specific attributions, research focus
shifted to relationships between measured attributions (e.g., Marsh et al. 1984)/
helplessness (e.g., Newman 1980) and achievement. Because learned helplessness
has been considered problematic with a connection to underachievement, this shift
can be somewhat expected. Recently the large-scale international comparison stud-
ies (PISA from 2000 and TIMSS from 1995) have provided opportunities to examine
learned helplessness or students’ attributions. However, only few studies can be found
using these datasets (e.g., Hammouri 2004). This indicates the research opportunities
given by the international comparison studies and the research gap in mathematics
education.

Cross-cultural studies have mainly articulated similarity or difference between
different educational systems in students’ attributions or even their perceptions of
attributions. Holloway (1988) summarized literature about differences in student per-
ceptions on attributions between Japan and the United States at great length. In addi-
tion, Tuss et al. (1995) examined underachieving fourth graders to compare to what
they attributed their academic outcomes. They found that controllable attributions
had a more significant role in performance for the Asian students than for the Ameri-
can students. These cross-cultural studies can contribute to a better understanding of
attribution theory in different contexts as well as cultural factors which play a role in
learned helplessness and underachievement.

Interestingly, most of the cross-sectional studies were related to the United States,
China, and Japan. This might indicate a lack of knowledge about Korean students’
attributions and helplessness in learning mathematics. I argue that learned helpless-
ness in Korea can be interesting because learned helplessness is generally empha-
sized in studies of underachievement, while Korea are one of the countries with the
high mathematics achievement. Japan is also a high-achieving country, but Tuss et al.
(1995) focused on Japanese underachievers. Considering Korean students’ negative
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attitude toward mathematics, research on Korean students could contribute to better
understanding of other aspects of learned helplessness which are disconnected from

low achievement.

Program for International Student Assessment (PISA)

It is important to understand what is measured in the PISA to interpret results about the
relationships between learned helplessness and scores in mathematics literacy. The PISA
is the international comparison study developed by OECD in order to evaluate student
achievement as the outcome of educational system in participating countries. Students
around the age of 15 participate in the PISA focusing on knowledge and skills in mathe-
matics, science and reading. Particularly, the PISA assesses student’s ability to reproduce
subject matter knowledge as well as extrapolation and application of their knowledge
based on their understanding of concepts and various situations (OECD 2009).

To assess students’ achievement, the OECD (2013) defined mathematics literacy
as individuals’ ability to not only understand the role and need of mathematics in the
world but also to use and engage with mathematics in the ways which meet the role and
requirement. Mathematics literacy served as the foundation of the assessment frame-
work. Furthermore, the OECD (2013) integrated mathematical modeling (Lesh and
Fennewald 2013) into the previous definition of mathematics literacy. Students” use of
mathematics and mathematical tools underwent four stages sequentially with differ-
ent cognitive skills as seen in Fig. 2: formulate, employ, interpret, and evaluate. By the
definition of mathematics literacy, scores in the PISA 2012 represented students’ over-
all achievement in performing the four suggested stages of problem solving. the OECD
(2013) provided details on the four stages as follows;

Formulating situations mathematically involves identifying opportunities to apply
and use mathematics—seeing that mathematics can be applied to understand or

/Challenge in real world context \

Mathematical content categories: Quantity; Uncertainty and data; Change and relationships;
Space and shape

Real world context categories: Personal; Societal; Occupational; Scientific

(Mathematical thought and action )
Mathematical concepts, knowledge and skills

Fundamental mathematical capabilities: Communication; Representation; Devising strategies;
Mathematisation; Reasoning and argument; Using symbolic, formal and technical language and
operations; Using mathematical tools

Processes: Formulate; Employ; Interpret/Evaluate

((— (—\
Problem Formulate Mathematical
in context problem
Y Y
Results Mathematical
in context results
L b 2

Fig. 2 A model of mathematical literacy in practice (OECD 2013, p. 26)
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resolve a particular problem or challenge presented. [...] Employing mathematics
involves applying mathematical reasoning and using mathematical concepts, pro-
cedures, facts and tools to derive a mathematical solution. [...] Interpreting math-
ematics involves reflecting upon mathematical solutions or results and interpreting
them in the context of a problem or challenge. It includes evaluating mathemati-
cal solutions or reasoning in relation to the context of the problem and determining
whether the results are reasonable and make sense in the situation. (p. 6)

Method

Korean and Finnish data in the PISA 2012 are analyzed. Students’ responses in a ques-
tionnaire are collected in the dataset. To answer the research questions, the data analysis
consists of two steps. First, ordinal regression analyses are applied to produce the prob-
ability that students feel learned helplessness in connections to the degree of agreement
to each attribution. Second, a linear regression analysis is employed to test whether
Korea shows significantly different relationships between mathematics literacy and
learned helplessness than Finland.

Data description

I select Korean and Finnish data from the PISA 2012 database and collect students’
achievement scores and responses from the student questionnaire. The total number of
students in the PISA 2012 database is 8829 for Finland and 5033 for Korea. However,
I am able to utilize about a third of the students in both countries because the design
of the PISA 2012 student context questionnaires was “a rotation with constructs being
asked in two of the third of the three forms to allow joint analyses of these constructs”
(OECD 2014, p. 59). Based on the variable selection that will be discussed later, this
rotation design allowed me to examine the students taking the form B (see Figure 3.9 in
OECD 2014, p. 61); All of the questions used in this research were included in the form
B). Thus, I collect and analyze only data from these students who completed the student
questionnaire. Deleting the missing data is due to the questionnaire design, which could
lead to the conclusion that the sample is still representative of the population in each
country. My final sample sizes are 2812 for Finland and 1684 for Korea.

Variable selection

First of all, students’ overall achievement scores in the PISA 2012 are collected to inves-
tigate the relationships between learned helplessness and mathematical literacy. I uti-
lize all five plausible values for mathematical literacy which the PISA 2012 provided
(PVIMATH to PV5MATH). The plausible values as a set are more appropriate to
describe the performance of the Korean and Finnish student populations (OECD 2014,
p. 147). In addition, Mullis et al. (2012) stated that “by including all available background
data in the model, a process known as ‘conditioning; relationships between these back-
ground variables and the estimated proficiencies will be appropriately accounted for in
the plausible values. Because of this, analyses conducted using plausible values will pro-
vide an accurate representation of these underlying relationships” (p. 3).
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Table 1 Five questions for learned helplessness and locus of control

PISA variable Variable code Question Coding

ST42Q08 Learned helplessness Y | feel helplessness when doing mathematics 1 Strongly agree
problem 2 Agree

ST43Q01 Effort X, Ifl putin enough effort | can succeed in math- 3 Disagree
ematics 4 Strongly disagree

ST44Q01 Ability X, I'mnot very good at solving mathematics
problems

ST44Q04 Task difficulty X, Sometimes the course material is too hard

ST44Q06 Luck X, Sometimes | am just unlucky

Table2 The number of Korean and Finnish students for each response to the five

questions
Variable Strongly agree Agree Disagree Strongly Total valid cases
disagree
Finland Learned helpless- 198 (7.1%) 619 (22.2%) 1363 (48.9%) 609 (21.8%) -
ness
Effort 1066 (37.9%) 91 (53.0%) 226 (8.0%) 9 (1.0%) 2812
Ability 396 (14.2%) 1222 (43.8%) 839(30.1%) 332 (1 1.9%) 2789
Task difficulty 542 (19.5%) 1413 (50.9%) 634 (23.1%) 180 (6.5%) 2778
Luck 346 (12.4%) 936 (33.6%) 951 (34.1%) 553 (19.8%) 2786
Korea  Learned helpless- 1(10.2%) 537 (31.9%) 721(42.9%) 252 (15.0%) -
ness
Effort 545 (32.4%) 919 (54.6%) 180 (10.7%) 40 (2.4%) 1684
Ability 213 (12.7%) 611 (36.3%) 661(39.3%) 196 (11.7%) 1681
Task difficulty 82 (10.9%) 649 (31.9%) 607 (36.2%) 239 (14.3%) 1677
Luck 206 (12.3%) 461 (27.5%) 1(36.4%) 401 (23.9%) 1679

It should be noted that “Plausible values are not test scores and should not be
treated as such” (OECD 2014, p. 147). Furthermore, averaging plausible values is not
an option for analysis because that leads to biased estimates (von Davier et al. 2009).
Rather, I apply formulas and recommendations provided by the National Center for
Education Statistics (Chaney et al. 2001) to estimate parameters and compute the
standard errors for calculated estimates.

Specific five variables/questions with a four-level Likert scale are selected corre-
sponding to attribution theory. Table 1 shows details about those questions. Students’
answer “1” indicates strong agreement with a given question while “4” shows strong
disagreement. Also, Table 2 provides the number of Korean and Finnish students for
each response to the five questions. Although hypothesis tests like Chi square tests
are not conducted to compare differences, the two tables show that a larger portion of
Finnish students strongly and moderately agreed to the question about each attribu-
tion. At the same time, a larger percentage of Korean students feel learned helpless-
ness than Finnish students (42.1% for Korea and 29.3% for Finland). Lastly, the total
valid cases indicate the sample sizes for the analyses no the relationships between
locus of control and learned helplessness.
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Table 3 Weighted means and standard deviations of mathematical literacy

Country Mathematical Learned helplessness Total

literacy
Strongly agree Agree Disagree Strongly disagree

Finland ~ PVIMATH 454.40 (63.57) 483.15 (66.68) 524.24 (77.93) 573.35(78.98) 523.09 (82.96)
PV2MATH 456.06 (62.93) 481.30 (66.60) 524.26 (77.40) 573.22(79.39) 522.78 (82.86)
PV3MATH 456.99 (61.90)  482.84 (66.57) 525.25(76.80) 572.83(78.21) 523.55(82.01)
PVAMATH 45544 (61.84) 483.95 (66.90) 523.16(76.17) 571.90 (79.45) 52244 (81.88)
PV5MATH 455.84 (62.30) 74 (66.30) 524.05(77.07) 573.32(79.56) 522.78 (82.64)

Korea PVIMATH 49831 (86.48) 535.19(87.50) 00 (93.08) 09 (108.49) 555.23(97.88)
PV2MATH 496.82 (87.29)  534.23(88.33) 569.36(92.74) 588.76 (108.51) 553.69 (97.96)
PV3MATH 496.18 (84.58) 533.62(88.14) 570.28 (93.42) 587.70 (109.69) 553.62 (98.20)
PVAMATH 495.95 (86.35) 535.81 (88. 39) 569.50 (94.58) 588.15 (108.56) 554.03 (98.54)
PV5MATH 496.64 (86.97) 536.37 (88.60) 04 (93.41) 589.36 (108.46) 555.12(98.29)

Table 3 shows the descriptive statistics of mathematical literacy by degree of agree-
ment to learned helplessness. The weighted average score of the Finnish students are
approximately 523 while those of the Korean students are approximately 554. In addi-
tion, Finnish students have less standard deviations compared to Korean students.
Considering learned helplessness and mathematical literacy together, it is notable that
students are likely to have higher scores and less variances of mathematical literacy in
both countries as students more strongly agree that they felt learned helplessness.

Data analysis

This research has two focuses in the binational comparison: the relationships (a)
between each attribution and learned helplessness and (b) between learned helpless-
ness and mathematical literacy. In other words, this research attempts to examine who is
likely to feel learned helplessness with a connection to locus of control, and then, what is
their achievement in mathematical literacy.

Locus of control and learned helplessness

For the first focus, ordinal regression analyses are employed with the R package MASS
(Ripley et al. 2018). These regression analyses are appropriate because all questions
related to a locus of control and learned helplessness have four-level Likert scale, which
produces ordinal variables. It should be noted that real distances between adjacent cat-
egories are unknown. Thus, I focus on describing the relationships between attributions
and learned helplessness rather than conducting hypothesis tests for statistically signifi-
cant differences between the ordinal regression models for Korea and Finland. This is
also because differences between the two countries may be evident, but not revealed.

A proportional odds logistic regression (also sometimes called ordinal logit models;
Kleinbaum et al. 2014) is applied with one independent variable and one dependent vari-
able. Using dummy variables could be another option for researchers to include ordinal
variables in linear regression models. However, I disregard this option because the weak-
ness of using dummy variables is ignoring the ordering of the values, that is, ignoring the
key characteristics of the variables. Students’ answers for learned helplessness are con-
sidered as a dependent variable and answers for each question about locus of control are
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included in the regression model as an independent variable. Then based on the follow-
ing equation I predict the probability of students’ answers about learned helplessness:

Py <jlIX)
n

PO 0 7

where P(y <j|X) represents the probability to answer j-th or lower categories for learned
helplessness when students answer X for an independent variable; 7; is a threshold
parameter for the j-th category of learned helplessness; and S is a location parameter
for a category of X for an independent variable. Using estimated threshold and location
parameters, the probability to answer each level of learned helplessness are calculated.
Moreover, I include the final student weight labeled with W_FSTUWTT in the dataset.

I report pseudo R-squared to evaluate the ordinal regression models. Particularly,
McFadden’s R? which has been preferred to other types of pseudo R?> (Menard 2000),
is informed in Table 4. Goodness of fit is important in a regression analysis and pseudo
R-squared can help to evaluate the ordinal regression models in this research at some
degree. Chi square tests for goodness of fit are not proper because of the large sam-
ple sizes. Thus, those tests are overpowered, which means that it is very likely to reject
the regression model not because of poor fit of models. I also recognize a weakness of
using pseudo R-squared. There are no clear recommendations about how to use pseudo
R-squared and how to interpret those (Long 1997). It is possible to notice that there is
no difference between the target regression model and the model with only intercept
if McFadden’s R? is equal to zero. McFadden’s R? is estimated considering each attrib-
ute variable as a numeric value because of some technical issues. McFadden’s R* coef-
ficients in Table 4 shows that the regression model for the relationship between ability
and learned helplessness shows the best model fit among the variables for locus of con-
trol. The regression model for luck and learned helplessness had relatively worst model
fit in both Korean and Finnish. Again, there is no clear criteria to evaluate McFadden’s
R? greater than 0 as well as it would be cautious to make a strong conclusion with a sin-
gle index about goodness of fit.

Learned helplessness and mathematical literacy

A linear regression model is employed to compare Korean and Finnish students in terms
of the relationships between learned helplessness on mathematical literacy in Korea and
Finland. The full regression equation was: Y=B,+ B;D;+ B,D,+ B;D; where Y is the
first plausible value for mathematical literacy, B; are regression weights, and e is the error
term. I use the R package intsvy (Caro and Biecek 2018) to build the two distinct lin-
ear models from all plausible values. As with the ordinal regression analysis above, the
final student weight is also used in this linear regression analysis. Then expected scores
calculated by the two regression models are mainly observed to compare Korean and

Table 4 McFadden's R? for each ordinal regression model

Independent variable Ability Effort Task difficulty Luck

Korea 0.55 0.54 0.53 0.52
Finland 0.56 0.54 0.54 0.52
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Table 5 Dummy variables for learned helplessness

Learned helplessness Dummy variables
Dl DZ D3
Strongly agree 0 0 0
Agree 1 0 0
Disagree 0 1 0
0 0 1

Strongly disagree

Finnish students in terms of relationships between learned helplessness and mathemat-
ics literacy.

Differently from the ordinal regression analysis, three dummy variables, D;, D,, and D,
are constructed for the ordinal variable of learned helplessness as seen in Table 5. This
is because my emphasis on the fact that distances between the adjacent categories are
uncertain, which can lead to inappropriate interpretations of the linear model. Instead,
when students strongly agree that they feel learned helplessness, (D,, D,, D;)=(0 0 0) is
assigned to them. This approach means that regression weights, particularly B,, B,, and
B, indicate how scores for mathematical literacy are expected to be changed as students
less felt learned helplessness.

Results

Locus of control and learned helplessness

The analysis results showed that Korean students are likely to feel learned helplessness
in the following cases: (1) students agree that their failure was due to their abilities; (2)
students disagree that they are able to succeed in mathematics with enough effort; (3)
students strongly agree that course materials are difficult; and (4) students strongly agree
that students’ failure in mathematics is because of misfortune. In those cases, the prob-
ability to agree or strongly agree with learned helplessness is greater than 0.5, as seen in
Table 6.

Korean students show a high possibility of learned helplessness when they strongly
agreed that their failure is due to their ability (the probability is 0.84), task difficulty (the
probability is 0.77), or even misfortune (the probability is 0.63). However, if students
report any degrees of disagreement that they could succeed in mathematics with suffi-
cient effort, they report high probabilities of learned helplessness (the probability is 0.67
for “disagree” while 0.80 for “strongly disagree”). In addition, students’ answers about
their ability make the widest range of probabilities of learned helplessness (from 0.11 to
0.84) while those about luck have the narrowest range (from 0.35 to 0.63).

Finnish students show different patterns in the relationships between learned help-
lessness and attributions than Korean students (see Table 7). Finnish students are likely
to feel learned helplessness in the two following cases: (1) students strongly agree that
they are not good at mathematics; (2) students disagree, but not strongly, that they can
succeed in mathematics with enough effort; and (3) students strongly agree that course
materials are difficult. These three cases of Finnish students show higher probabilities
than 0.6.
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Table 6 Korean students’ probability to agree/disagree with learned helplessness

by attribution

Learned helplessness

Strongly Disagree Agree Strongly agree Total

disagree

Positive Negative

Ability
Strongly disagree 043 046 0.10 0.01 0.11 0.89
Disagree 0.17 0.51 027 0.05 032 0.68
Agree 0.08 040 041 0.1 0.52 048
Strongly agree 0.02 0.15 047 0.36 0.83 0.17
Effort
Strongly disagree 0.03 0.18 045 035 0.80 0.20
Disagree 0.05 0.28 0.46 0.22 0.67 0.33
Agree 0.1 042 0.37 0.1 047 0.53
Strongly agree 0.27 0.51 0.19 0.04 0.23 0.77
Task difficulty
Strongly disagree 0.29 0.50 0.18 0.04 0.22 0.78
Disagree 0.18 048 0.28 0.06 0.34 0.66
Agree 0.11 0.41 037 0.1 048 0.52
Strongly agree 0.03 0.20 0.46 0.31 0.77 0.23
Luck
Strongly disagree 0.19 046 0.27 0.07 0.35 0.65
Disagree 0.15 0.44 032 0.10 042 0.58
Agree 0.15 0.44 0.32 0.10 042 0.58
Strongly agree 0.07 0.30 043 0.20 0.63 0.37

P(Positive) = P(strongly agree) + P(agree) and P(Negative) = P(strongly disagree) + P(disagree)

The most interesting finding is the relationships between effort and learned helpless-
ness. Finnish students have a high probability (0.60) of learned helplessness when they
agree that they can succeed with effort. However, if students strongly agree with that
statement, the probability decreases to 0.34. Furthermore, students’ answers about luck
are independent from learned helplessness. Unless students strongly believe that course
materials are difficult, students are unlikely to feel learned helplessness. Even when stu-
dents strongly agree, the chance to feel learned helplessness is around a half (0.52).

In all cases, Korean students have higher probabilities to feel learned helplessness than
Finnish students. Figure 3 shows probabilities that Korean or Finnish students agree or
strongly agree to feeling learned helplessness in learning mathematics. Whatever Korean
students answer about their attributions, they have greater chances for learned helpless-
ness than peers in Finland. Most cases for the Finnish students show probabilities less
than 0.5 to feeling learned helplessness while Korean students are very likely to do with
strong beliefs about attributions.

Similar patterns between the two countries are found in the relationships of ability or
task difficulty to learned helplessness. As students’ responses shift from agreement to
disagreement, the probabilities decrease. In both countries, it is reasonable to assume
a monotonic relationship between students’ learned helplessness and strength of agree-
ment that ability/task difficulty attributes to failure. The ranges of probabilities from
strong agreement to strong disagreement are greater in Korea. In other words, Korean
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Table 7 Finnish students’ probability to agree/disagree with learned helplessness
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by attribution
Learned helplessness
Strongly Disagree Agree Strongly agree Total
disagree
Positive Negative
Ability
Strongly disagree 0.59 037 0.04 0.01 0.05 0.95
Disagree 0.25 0.57 0.15 0.03 0.18 0.82
Agree 0.13 0.54 0.28 0.06 033 0.67
Strongly agree 0.03 0.27 048 0.21 0.69 0.01
Effort
Strongly disagree 0.13 0.53 0.27 0.07 0.34 0.66
Disagree 0.05 0.35 043 0.17 0.60 040
Agree 0.13 0.52 0.28 0.07 0.35 0.65
Strongly agree 0.39 0.50 0.09 0.02 0.11 0.89
Task difficulty
Strongly disagree 0.62 033 0.04 0.01 0.05 0.95
Disagree 0.29 0.54 0.15 0.03 0.18 0.82
Agree 0.17 0.53 0.25 0.06 0.30 0.70
Strongly agree 0.07 0.41 0.39 013 0.52 048
Luck
Strongly disagree 0.30 0.50 0.16 0.04 0.20 0.80
Disagree 0.20 0.50 0.24 0.06 0.30 0.70
Agree 0.19 0.50 0.24 0.06 0.30 0.90
Strongly agree 0.18 0.50 0.25 0.07 032 0.68
P(Positive) = P(strongly agree) + P(agree) and P(Negative) = P(strongly disagree) + P(disagree)
Locus of Control
Internal External
aony - [ Ability aunay . WS Task Difficulty
disagree - disagree - r
Stable
agree - agree - r
strongly _ strongly -
agree agree
2 0. 000 025 050 075 1.00
s
(]
- i ™ Luck
disagree - disagree - '
Unstable
agree - agree - '
strongly _ strongly _ r
agree agree
0. 000 025 050 075 1.00

Country [ Fintana [l Korea

Fig. 3 Probabilities to agree or strongly agree to feeling learned helplessness in Korean and Finnish students
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students show more dramatic changes than the Finnish students as their beliefs on locus
of control are changed.

However, Korean and Finnish students show different patterns in relationships
between effort/luck and learned helplessness. Particularly, Finnish students’ beliefs
about luck are independent from their feelings of learned helplessness. All responses
about luck have a similar probability for learned helplessness from 0.20 to 0.32. How-
ever, if Korean students strongly agree that they fail because they are unlucky, they are
likely to feel learned helplessness with the chance being 0.63. Moreover, Korean students
show monotone increasing probabilities of learned helplessness from strong agreement
to strong disagreement that they can succeed with enough effort. As seen in Fig. 3, Finn-
ish students have a considerably different pattern with the attribution of efforts, in which
the highest probability is for moderate disagreement.

Learned helplessness and mathematics literacy

Based on the results reported in Table 8, the regression models for the relationship
between learned helplessness and mathematics literacy are: Y = 455.75+ 26.85D,+ 68
.44D,+ 117.18D;, for Finland (R*=0.18) while Y}, = 496.78+ 38.27D,+ 73.46D,+ 92.23D
, for Korea (R*=0.08). All positive coefficients of B, B,, and B, indicate that students are
likely to have lower scores of mathematical literacy as they strongly agree with feeling
learned helplessness.

Table 8 also shows the expected scores of mathematical literacy which might help to
provide a broad picture of the effects of learned helplessness on mathematical literacy.
In both countries, the expected scores increase as students disagree more. Furthermore,
Table 8 shows that the Finnish students with strong agreement to learned helplessness
are expected to score 455.75, while the Korean students have the mean score of 496.78. A
score increase from strong agreement to moderate agreement is higher in Korea (26.85
for Finland and 38.27 for Korea) while that from strong agreement to strong disagree-
ment is higher in Finland (117.18 for Finland and 92.23 for Korea). Strengthening their

Table 8 Linear regression analysis results and expected scores of each category of learned

helpless

Estimate Standard error t-value Expected score by response

to learned helplessness

Finland
R 0.18 0.05 3.65
Intercept 455.75 15.81 28.84 Strongly disagree 57293
D, 26.85 6.12 4.39 Disagree 524.19
D, 68.44 6.81 10.05 Agree 482.60
Dy 117.18 9.40 1247 Strongly agree 455.75
Korea
R? 0.08 0.01 12.52
Intercept 496.78 2.73 182.19 Strongly disagree 589.01
D, 38.27 256 14.94 Disagree 57024
D, 7346 223 3298 Agree 52505

Ds 92.23 5.07 18.18 Strongly agree 496.78
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disagreement to learned helplessness is expected to improve students’ scores consider-
ably more in Finland (48.74 for Finland and 18.77 for Korea).

The Korean and Finnish models are approximately parallel from strong agreement to
moderate disagreement to learned helplessness because the gaps range from 41.03 to
46.05. However, the gap between Finnish and Korean students having strong disagree-
ment is noticeably dropped to 16.08. This means the Finnish students have a big jump in
their average scores from moderate to strong disagreement compared to their peers in
Korea.

Discussion and conclusion

As seen in the literature review, Weiner’s (1979) attribution theory has contributed to
understanding conditions in which students’ maladaptive behaviors could occur. Based
on this theory, researchers have scrutinized the way in which students attribute their
failure to perceived causes. Weiner’s model originally suggested four main attributions:
academic ability, effort spent in preparation, difficulty of tasks, and luck in solving tasks.
Most prior research argued that students are likely to feel learned helplessness if per-
ceived causes are out of their control. Accompanying the prior research, I examine who
is likely to feel learned helplessness in Korea and Finland by attribution. In addition, I
describe the relationships between learned helplessness and mathematics literacy in
each country.

Answering the first research question, I conclude that attribution theory could be gen-
erally useful in predicting students’ learned helplessness when students consider ability
and task difficulties as the cause of their failure. This is because the patterns in students’
probabilities for learned helplessness are similar between Korea and Finland. Students
who attribute their failure to a lack of ability are most likely to feel learned helplessness
in both countries. For both attributes, the monotonic patterns indicate that students
could be less likely to feel learned helpless as we help them to disagree that task difficulty
and academic ability cause their failure. It should be noted that more evidence is neces-
sary to generalize this finding to other educational systems. However, at least in Korea
and Finland, we might be able to predict students’ learned helplessness with attribution
theory regardless of educational systems.

At the same time, the differences between the two countries indicate that there are
certainly limitations of attribution theory to fully explain students’ learned helplessness.
The binational comparison produces two interesting findings that attribution theory
cannot account for: (1) Korean students report higher probabilities of feeling learned
helplessness than their peers in Finland in all observed cases; And (2) stability of the
attributions is involved in the differences. To be specific, if attributions are stable, the
patterns in the probabilities for learned helplessness are somewhat parallel between the
two counties. Otherwise, nationality mediates the relationships between an attribution
and learned helplessness. The most different pattern is uncovered in the case of effort,
which is one of the unstable attributions. Even for the attribution of luck which is inde-
pendent from learned helplessness of Finnish students, Korean students who strongly
agree that they fail because of misfortune are likely to feel learned helplessness. This
indicates alternative explanations for these cases by considering social and cultural fac-
tors of learned helplessness.
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The differences are also found in the relationships between mathematics literacy
and learned helplessness. If students disagree that they feel learned helplessness, stu-
dents have higher scores in mathematics literacy. For the Korean students, the magni-
tude of students’ disagreement to feeling learned helplessness, moderate or strong, is
not very important to explaining their achievement in mathematical literacy. In other
words, the improvement of Korean students as their disagreements become stronger
is relatively small. However, scores of Finnish students significantly increase (by 48.74
for Finland and 18.77 for Korea) as students more strongly agree with learned help-
lessness. When students agree to feeling learned helplessness regardless of strength of
their beliefs, their expected scores are parallel between Korea and Finland.

The attribution theory could contribute to better understanding of learned helpless-
ness in students in Korea and Finland. At the same time, the findings reinforce that
learned helplessness is a complex problem in which multiple factors at different lev-
els are involved. Students are unlikely to feel learned helplessness when they believe
that they fail due to misfortune or they can succeed with enough effort. Furthermore,
recent movement to make the Korean national curriculum easier might contribute to
reducing the chance of students’ learned helplessness. However, because missing is
empirical evidence to connect mathematics abandoners and feeling of learned help-
lessness, I cannot argue that all Korean students could have benefits from easier tasks
to resolve feeling of learned helplessness. I recognize that this is an important limita-
tion of this study. However, we need to help mathematics abandoners and the findings
in this article partially contribute to this. Also, mathematics educators should be con-
cerned about other educational and social factors impacting on learned helplessness
because attribution theory cannot explain learned helplessness completely.

A limitation of this research is that detailed pictures of the findings about the rela-
tionships between learned helplessness and attribution theory are beyond the scope
of this research. We cannot answer the important question, why Korean and Finn-
ish students show different relationships between learned helplessness and attribu-
tion theory. Therefore, this limitation provides various avenues for further research.
This study can be replicated with other countries in the PISA to acquire more infor-
mation at a societal level. It is also possible that the finding cannot be generalized
to other mathematics achievement scores because of the uniqueness of mathematical
literacy. Thus, researchers could use other databases. Furthermore, more quantitative
and qualitative research on the same topic would be beneficial. This research applied
a single-level original regression model, which could be over-simplified considering
a stratified sampling design of the PISA 2012. Multilevel statistical analysis includ-
ing contextual variables could contribute to better understanding about mathemat-
ics abandoners. Qualitative research on the same topic could provide details that this
research cannot observe. Lastly, it could be necessary to review prior studies on how
to changes students’ beliefs on the attributions and apply them to resolving students’
learned helplessness.
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