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Abstract: Self-determination theory has been applied in various educational contexts.
Language learning researchers have used factor analysis and structural equation mod-
eling to investigate measures designed for this theory, but Rasch analysis has not
been conducted. The Basic Psychological Needs Satisfaction and Frustration Scale
(BPNSFS) and the Language Learning Orientation Scale (LLOS) were adapted for a
Japanese tertiary educational context and administered to 600 students. Rasch analy-
sis was applied to investigate the dimensionality of the measures and functioning of
individual items. Regression analyses were used to examine the relationship between
motivation and performance on an English reading and listening test. Results showed
that the constructs were largely unidimensional, supporting use of these measures in
future research, although problems with individual items suggest that revisions should
be made. Regression analyses revealed that external forms of motivation had limited
impact on performance, suggesting that teachers should attempt to enhance students’
internalized forms of motivation.
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Leeming and Harris SDT and Motivation: A Rasch Validation

Introduction

Although there is no single factor that determines success in second or for-
eign language learning, many researchers agree that motivation is extremely
important (Dornyei & Ryan, 2015). In English as a foreign language con-
texts such as Japan, students often have very limited exposure to the second
language (L2) and therefore are required to actively seek opportunities to
engage with the language, making motivation even more critical. In recent
years, L2 acquisition researchers have begun to adopt self-determination
theory (SDT; Deci & Ryan, 1985) as a useful framework for understanding
students’ basic psychological needs and how these needs guide students’ own
language learning behaviors (Agawa & Takeuchi, 2016; Lou, Chaffee, Vargas
Lascano, Dincer, & Noels, 2018; Noels et al., 2019; Noels, Pelletier, Clément,
& Vallerand, 2000; Noels, Vargas Lascano, & Saumure, 2019). SDT, which
comes from general psychology research on motivation (Ryan & Deci, 2017),
posits that humans have basic psychological needs that need to be met in order
for them to function optimally.

In order to understand how the theory relates to practice, researchers have
developed a number of questionnaires and used them to measure different as-
pects of SDT in relation to language learning (Noels et al., 2000). Researchers
in Japan have developed and validated their own specific measures, investigat-
ing how they apply in a Japanese context (Agawa & Takeuchi, 2016; Hiromori,
2006). However, as with other fields, in applied linguistics it is essential that
variables be operationalized with attention to reliability and validity through
as many of the available methods as possible (Purpura, Brown, & Schoonen,
2015). One such method is Rasch analysis (Bond, Yan, & Heene, 2021), which
has been used extensively in the language testing field (Aryadoust, Ng, &
Sayama, 2021; Bokander & Bylund, 2020; McNamara & Knoch, 2012) and
is increasingly being used in other areas of applied linguistics research, includ-
ing studies into self-efficacy (Leeming, 2017; Wang, Kim, Bai, & Hu, 2014),
anxiety (Apple, 2013), motivation (X. Chen, Lake, & Padilla, 2021), and will-
ingness to communicate (Weaver, 2005). Despite the benefits that Rasch analy-
sis offers compared to more traditional approaches, our search of the literature
revealed that it has never been conducted on SDT measures used for language
learning research.

Also related to measurement, a shortcoming of many studies that investi-
gate motivation in language learning is the failure to link psychological mea-
sures that rely on self-reported data with outcomes. This has been described
as the “questionnaire curse” (Al-Hoorie, Hiver, Kim, & De Costa, 2021, p. 6),
where self-report questionnaires are used for all of the data gathered in a study,
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including the dependent variable, although there are notable exceptions (e.g.
Apple, Hill, & Falout, 2020; Hiver & Al-Hoorie, 2020; Yashima, Nishida, &
Mizumoto, 2017). Reio (2010) describes this common method variance bias
as a serious threat to the validity of quantitative research studies in the social
sciences. This paper reports on a study that used Rasch analysis to investigate
the dimensionality and item functioning of two measures used within SDT re-
search in language learning, and then examines the relationship between mo-
tivation and performance on an English listening and reading test that is used
extensively in Japan, for both employment and promotion within companies
(Apple et al., 2020; ETS-TOEIC, 2019).

Background Literature

Self-Determination Theory as a Theory of Motivation

SDT is a comprehensive theory of human motivation that has attracted in-
creasing attention since its origins almost 40 years ago (Deci & Ryan, 1985).
One of the central theories within SDT is basic psychological needs theory.
This posits that humans need to feel a sense of autonomy, or control over their
own actions, a sense of relatedness, or belonging with those around them, and
feelings of competence, or the belief that they have the ability to successfully
complete tasks that they face (Ryan & Deci, 2017); only when all three needs
are met are humans able to function effectively. A measure of these needs,
the Basic Psychological Needs Satisfaction and Frustration Scale (BPNSFS),
has been developed and is translated in multiple languages (B. Chen et al.,
2015).

Another theory that is integral to SDT is organismic integration theory
(Ryan & Deci, 2017). This posits that there are various kinds of motivation
existing on a continuum from intrinsic motivation, where people perform a
task for the inherent interest and pleasure that it gives them, to various levels
of extrinsic motivation, in which, in its most controlled form, people com-
plete tasks for some form of external reward, or due to external pressure (see
Figure 1). Beyond extrinsic motivation is amotivation, where people have no
motivation to complete the task. Within this framework, the goal of teachers is
to help students to orient toward more internalized forms of motivation, which
are considered to be more effective. Organismic integration theory is perhaps
the most familiar aspect of SDT for language motivation researchers, and it
has been applied in numerous studies, led by the work of Kimberly Noels and
her colleagues in North America (Lou et al., 2018; Noels et al., 2019; Noels
et al., 2000; Noels et al., 2019). Noels et al. (2000) developed the Language
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Adapted from Deci & Ryan, 2000; Ryan & Deci, 2017
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Figure 1 Continuum of motivation in organismic integration theory. From “Self-
Determination for All Language Learners: New Applications for Formal Language
Education,” by M. S. McEown & W. L. Q. Oga-Baldwin, 2019, System, 86, 102124.
Copyright McEown & Oga-Baldwin. Reprinted with permission. (Adapted from Deci
& Ryan, 2000; Ryan & Deci, 2017)

Learning Orientation Scale (LLOS) to measure the continuum of motivation
based on organismic integration theory.

Motivation in the Japanese Context

Motivation is of interest in any educational context, but it has received partic-
ular attention in Japan, where universities have been famously described as a
“motivational wasteland” (Berwick & Ross, 1989, p. 207). A volume by Apple,
Da Silva, and Fellner (2013) was devoted exclusively to motivation research in
this context. In an introduction to that volume, Ushioda (2013) argued that
motivation is of interest due to the many issues facing English education in
Japan and claimed that Japan is a leader in research in this field. The large
body of work on “demotivation” in Japan is perhaps also somewhat telling
(Arai, 2004; Falout, Elwood, & Hood, 2009; Kikuchi & Sakai, 2009). There
are myriad reasons for students becoming demotivated, and Kikuchi (2009)
outlined five: the behavior of teachers in the classroom, teaching method-
ology (grammar—translation), entrance exams, problems related to the rote
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memorization of vocabulary, and textbook issues. As well as these, parental
pressure may also be a factor. A study by the Benesse Educational Research
and Development Institute (2015) of over 5,000 learner—guardian pairs (from
the fourth grade of elementary school to the second grade of junior high
school) showed that parental expectations of their children’s study habits have
a noticeable effect on motivation. Using SDT as their motivational frame-
work, the researchers found that children of less “autonomously supportive”
guardians (i.e., those who give material rewards for success rather than posi-
tive feedback and praise) self-identified as having less intrinsic motivation.

Seemingly aware of motivation issues, the Japanese Ministry of Education
has stated it aims to develop students’ motivation to learn English (MEXT,
2011), and revisions to the Course of Study (a national outline of teaching cur-
riculum) aim to introduce curriculum changes with that as one of the goals. In
an attempt to develop students’ interest in the language, since 2020 English is
introduced from the third grade of elementary school. This may not adequately
address the issue, however, with some research (e.g., Someya, 2018) show-
ing an overall shift from more internalized motivation to external motivation
among learners between elementary school and junior high school.

Despite attempts at changing the focus of curricula, during the six years
of junior high school and high school, there is a continued focus on studying
for English tests in order to be able to enter high school and subsequently
university (Apple et al., 2020; Taguchi, Magid, & Papi, 2009; Yashima,
Zenuk-Nishide, & Shimizu, 2004). During this time, many students face gru-
eling entrance exams that are based largely on receptive skills. Upon entering
university, a vast majority of students are once more faced with a year or more
of compulsory English courses. University students, particularly non-English
majors with relatively low proficiency, are often motivated only to pass the
course and not to achieve higher levels of proficiency in the language (Falout
et al., 2009).

Research into SDT and how it can describe Japanese students’ motiva-
tion to study English has often focused on the development of measures of
motivation. In one of the first studies conducted in this context, Yamauchi
and Tanaka (1998) used SDT to model the language learning motivation of
elementary school students. They concluded that patterns of motivation in
Japan mirrored those in other contexts. Later, Hiromori (2006) developed
measures of motivation based on SDT specifically for a Japanese context,
from which items have subsequently been refined by Agawa and Takeuchi
(2016). Using exploratory and confirmatory factor analysis, they found that
their model of motivation based on SDT did not fit the data well, with
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relatedness and autonomy displaying nonsignificant relationships with other
forms of motivation. Researchers in Japan have used SDT to explain motiva-
tion in areas such as extensive reading (Tanaka, 2017) and listening (Someya,
2017), and more generally with elementary school students (Oga-Baldwin,
Nakata, Parker, & Ryan, 2017; Someya, 2018). Results showed that SDT
was successful in modeling the motivation of students. Tanaka (2017) found
that autonomy predicted university students’ motivation to read, and Someya
(2017) showed that intrinsic motivation predicted listening proficiency among
junior high school students. Oga-Baldwin et al. (2017) modeled elementary
school students’ motivation over a year and claimed that SDT was a cohesive
and useful framework for understanding motivational change.

A large body of research into motivation has focused on Dérnyei’s (2005)
L2 motivation self system (L2MSS) model, including many studies in Japan
(Apple et al., 2020; Irie & Brewster, 2013; Taguchi et al., 2009; Yashima et al.,
2017). The L2MSS model relates to SDT in that the ought-to self can be con-
sidered to be externalized and less of a positive influence on behavior than the
ideal self, which represents more internalized forms of motivation. Taguchi
et al. (2009) set out to investigate whether studies supporting the model in
European contexts (e. g. Dornyei & Csizér, 2002) could be replicated with
students in Japan, China, and Iran. They found that data supported the applica-
bility of the model in those three countries. Yashima et al. (2017) investigated
how the L2MSS predicted performance on the Test of English as a Foreign
Language (TOEFL) test (https://www.ets.org/toefl/). They found that although
ideal selves had a stronger relationship with proficiency, ought-to selves also
played a significant role in predicting their outcome variable, counter to studies
in other contexts such as Chile and Hungary that found a more limited role for
the ought-to self (Kormos & Csizér, 2008; Kormos, Kiddle, & Csizér, 2011).
Yashima et al. (2017) argued that the role of the ought-to self is greater in Japan
due to a stronger influence on students from other people in their lives, as well
as heavy pressure to succeed.

Measurement of Motivation Within Self-Determination Theory

Much research within SDT has focused on the development of measurement
instruments, but often with similar methods. Many studies employ Likert
scales, assuming that collected data are on an interval scale, and yet Likert cat-
egory type questionnaires are ordinal (Embertson & Reise, 2000). Researchers
commonly add the scores from the Likert category data, assuming that each
of the items is contributing equally to the measurement of the construct; for
example, it is assumed that a response of “3” on the first item contributes as
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much to the measurement of a given construct as a response of “3” on all other
items, irrespective of the potential differences in difficulty between items (with
Likert-scale category response data, difficulty refers to how easily a statement
can be endorsed). Another unfounded assumption is that the difference in Lik-
ert categories between a “2” and “3” is the same as that between a “5” and “6”
(Wilson, 2005).

Waugh and Chapman (2005) conducted both a Rasch analysis and a fac-
tor analysis on the same sets of data (from a social anxiety questionnaire and
an attitude to mathematics questionnaire), and whereas factor analysis showed
the measures to be reliable, Rasch analysis was able to provide much more de-
tailed information regarding the dimensionality of the measures and also the
performance of individual items, revealing serious issues with both. Within the
fields of SDT and L2 acquisition, researchers generally develop questionnaires
to measure several latent constructs, and interpret the results based on the as-
sumption that each construct is unidimensional and being measured accurately.
Without unidimensional measures, the interpretation of results becomes chal-
lenging. A limitation of factor analysis is that it depends on correlations from
the sample, and there is no measure of fit or standard error for individual items
(Wilson, 2005).

The Rasch model (Rasch, 1960) is a one-parameter stochastic model for
random probability distribution, showing the relationship between item diffi-
culty and person ability (i.e., for questionnaires, this is an individual’s chance
of endorsing an item). For questionnaire data, the polytomous Rasch model
known as the Rasch rating scale model is used (Andrich, 1978), allowing re-
searchers to measure the thresholds between Likert response categories, such
as the difference between agree and strongly agree, with reference to the level
of latent construct that a person has (e.g., level of self-efficacy). This model
offers certain benefits for researchers over more traditional forms of validation
(Apple & Neff, 2012; Knoch & McNamara, 2015), giving detailed informa-
tion about individual items, including the probability that a participant will
endorse a given item in a future iteration of the questionnaire. Winsteps soft-
ware (Linacre, 2020a) provides a Wright map, which places items and persons
on the same logit scale, showing how items perform in terms of how easily
they can be endorsed by participants, and allows researchers to identify floor
and ceiling effects, and also items of the same difficulty, which may indicate
redundancy in measurement (Knoch & McNamara, 2015; Wilson, 2005). A
person with a logit “ability” of 1.00 has a 50% chance of positively endors-
ing an item with a logit difficulty of 1.00. Individual item fit statistics are also

Language Learning 72:3, September 2022, pp. 646-694 652

D PUe WIS | 81 39S *[£202/TT/6Z] U0 ARIqIT 8UIUO AB]IM 'S301n0say 91083 - AIqIT AISIBAIUN D10y LeIRIsNY Aq 96vZT BUe|/TTTT 0T/10p w00 /5| mAReiq1ou!|uo//Sdiy woij papeojumoq ‘€ ‘2202 ‘Z266.9vT

11pUoo-p

35UB017 SUOLUWIOD 3AIea.D) 3fgedlidde au Aq peusenoh ae sspne VO ‘8N Jo sajni Joj Ariqi auluQ AB8|IM uo



Leeming and Harris SDT and Motivation: A Rasch Validation

provided by Winsteps (Linacre, 2020a); these show items that may be misfit-
ting the model, implied to be poorly functioning items.

A Rasch principal components analysis of residuals (PCAR) can be used
to assess how well constructs in questionnaires conform to this unidimensional
model (Raiche, 2005; Smith & Miao, 1994). The PCAR extracts the linear
Rasch measure from the data and then identifies common variance in the resid-
uals that remain. Common variance in the residuals is expressed in eigenval-
ues and may be an indicator of other dimensions in the questionnaire (Raiche,
2005; Smith & Miao, 1994). Rasch analyses also offer two further indices of
reliability that are helpful in judging the quality of measures. These statisti-
cal indices, reliability and separation, are available for both the persons and
items (Wolfe & Smith, 2007b; Wright, 1996b). Person reliability is equiva-
lent to Cronbach’s alpha. Person separation indicates the ability of the items to
differentiate between different levels of the construct in the target population.
Item reliability indicates the likelihood of the same hierarchy of items being
generated from a similar population of respondents. Item separation is used
to verify the hierarchy of items in regard to difficulty, in which low separa-
tion indicates that within a given population there is not enough variance in a
construct to develop a reliable hierarchy of items. A further benefit of Rasch
measurement is that it allows the construction of linear data from qualitative
observations that contain a quantitative structure (Salzberger, 2010), meaning
that the data can be meaningfully used for subsequent statistical procedures.
In contrast, as stated above, most other statistical methods assume that typical
Likert response format data are on an interval scale, and that all the items are
equally adding to the measurement of the latent construct, but there is little
evidence that this is in fact the case. Finally, the Rasch model provides detailed
information about the functioning of each individual item, showing the relative
difficulty of the item and also how well it fits into the model for measurement
(Apple & Neft, 2012).

A final issue with many studies that seek to model motivation using SDT
is the lack of an outcome measure, or an overreliance on a single method
of measurement, a common problem in language motivation research (Al-
Hoorie et al., 2021). Positive correlations may in fact be the result of com-
mon method variance (Sharma, Yetton, & Crawford, 2009). Al-Hoorie et al.
(2021) argue that a vast majority of quantitative studies on motivation attempt
to create models using only self-reported data, causing concerns over reliabil-
ity. Within the field of L2 acquisition, there are increasing calls to employ
behavioral measures as outcome variables (Oga-Baldwin et al., 2017; Yun,
Hiver, & Al-Hoorie, 2018), and studies are needed that show how self-reported
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motivation using both the Basic Psychological Needs Satisfaction and Frustra-
tion Scale (BPNSFS) and the Language Learning Orientation Scale (LLOS)
relate to language learning outcomes. Two recent studies have considered the
relationship between motivation and performance on English proficiency tests,
focusing on the receptive skills of listening and reading (Apple et al., 2020;
Yashima et al., 2017). Both used the L2MSS model, and Yashima et al. (2017)
directly related the model to SDT, as described previously. Yashima et al.
(2017) found that both internalized and external forms of motivation signifi-
cantly predicted English proficiency, although internalized forms were stronger
predictors in their model. Apple et al. (2020) results showed that external mo-
tivation (the ought-to self) was related to lower scores on the proficiency test,
whereas internal motivation (the ideal self) was associated with higher profi-
ciency. See also a study among South Koreans by Hiver and Al-Hoorie (2020)
that linked motivation data with achievement data as an outcome.

In the current study we use the Test of English for International Commu-
nication Listening and Reading components (TOEIC L&R ETS, 2008) as an
outcome variable. Although relatively unknown outside of Asia, the test is used
extensively in Japan as a measure of English proficiency and is marketed as
a test of business English proficiency that can be used for the advancement
of one’s career. It is 2 hr in duration, with approximately 45 min of listening
and 75 min of reading, and a maximum scaled score of 495 for each section.
ETS (2013) reported internal consistency of the listening and reading com-
bined as .90 (Kuder—Richardson reliability index-20), with the standard errors
of measurement at &= 25 points. (The Kuder Richardson reliability index is the
appropriate test of reliability for multiple choice format tests.) All responses
are multiple-choice, and therefore the test could be considered to be assessing
comprehension of spoken and written text. Zhang (2006) investigated the re-
liability and generalizability of the test and claimed that it performed well on
both counts. Although both the content and construct validity have been ques-
tioned (Nicholson, 2015), Powers and Powers (2015) were able to show strong
correlations between performance on the TOEIC and students’ self-assessment
of their own ability in related, real-world tasks (perceived self-efficacy).

The Present Study

SDT has the potential to help researchers and teachers understand and enhance
students’ motivation in the language classroom, but accurate measurement is
important. To date, to the best of our knowledge, no study has employed Rasch
analysis to determine the quality of questionnaires employed in SDT research
in L2 learning, despite the benefits of the Rasch model outlined above. In
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addition, there has been a lack of research attempting to link these measures
with performance-based outcomes such as language proficiency that could be
argued to indicate levels of motivation (Al-Hoorie et al., 2021). In this study
we aimed to address these gaps by conducting a Rasch analysis of the BPNSFS
and the LLOS. Logit scores (scaled units when raw scores are changed to log
odds ratios) from the Rasch analysis are used in regression models to assess
the relationship between self-reported motivation and the TOEIC listening and
reading (L&R) sections. In the context for the current study, where there is
little exposure to English outside of the classroom, we hypothesized that high
levels of motivation should lead to greater time spent engaged in reading and
listening to English, which could be expected to manifest itself in stronger per-
formance on the TOEIC L&R components. The following research questions
drove the study:

1. To what extent do the motivational constructs measured by the BPNSFS
and the LLOS fit the Rasch model for measurement?

2. How do the motivational constructs measured by the BPNSFS and the
LLOS relate to performance on the TOEIC L&R components?

We are aware that the motivational measures investigated in the current
study were designed for classical statistical validation using factor analysis,
and not for the Rasch model. Nevertheless, following Apple and Neff (2012),
we will use Rasch analysis to provide additional information regarding the rel-
ative difficulty of endorsing the different items and any issues with individual
item functioning.

Method

Participants

The data for the current study were collected in a tertiary educational context in
western Japan. Of a total of 878 second-year students, 600 agreed to participate
in the research study. They were majoring in economics and had experienced
at least six years of compulsory English education. They had also completed
an additional 4.5 hr of weekly English classes in their first year of university.
Students were enrolled in compulsory reading, listening, and speaking classes
(each 90 min in length) that each met weekly. Each semester was comprised of
15 weeks. At the end of the second semester, students sat the TOEIC L&R and
completed two motivation questionnaires (the BPNSFS and the LLOS).
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Leeming and Harris SDT and Motivation: A Rasch Validation

Measures

The Japanese version of the BPNSFS was used for this study (Nishimura
& Suzuki, 2016). As recommended by McEown and Oga-Baldwin (2019),
several adaptations were made before it was administered to students. First,
negatively worded items were either removed or reworded. Research has
consistently shown that negatively worded items cause unwanted noise in
measurement and can be responsible for up to 30% of the variance in a
measure (Alexandrov, 2010). Wolfe and Smith (2007a) argue that negatively
worded items create an additional dimension in the data that may represent
a different construct to the one that is being targeted. Items from Agawa and
Takeuchi (2016) were added to ensure that there were sufficient items for each
of the three SDT constructs. Costello and Osborne (2005) suggest a minimum
of three items per factor, but the inclusion of more items than necessary allows
for possible removal of poorly performing ones. In addition, higher numbers
of items increase reliability and increase the likelihood of replicability (Velicer
& Fava, 1998). The Japanese translation of all items was checked by a native
speaker of Japanese, and slight modifications were made.

As the LLOS (Noels et al., 2000) was originally designed for Canadian stu-
dents of French, items were reworded for the Japanese context, translated into
Japanese, and then checked by a native speaker of Japanese. As items for amo-
tivation were not included in the original questionnaire by Noels et al. (2000),
five items to measure amotivation were taken from Agawa and Takeuchi
(2016). The final versions of the BPNSFS and the LLOS (Lemming & Harris,
2021a) are provided in English and Japanese in Appendices S1 and S2 in the
Supporting Information online and on IRIS at https://www.iris-database.org.
For both questionnaires, the Japanese version was administered to participants.
Students were asked to complete the two questionnaires during their speaking
class and were assured that participation was completely voluntary. They were
also assured that their names and personal information would be protected.

As part of their course, the students were all required to take the TOEIC
L&R, and this was used as the outcome variable. This test was administered
to all the students in the department, and the scores were reflected in their
class grades; therefore, they were expected to be motivated to perform well on
the test. Complete data for 539 students with both motivational measures and
TOEIC L&R scores were used for the regression analyses.

Analyses
The analyses described in the current study follow the procedure for validation

outlined by Apple (2013) and by Apple and Neff (2012). Rasch analysis was
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conducted using Winsteps software (Linacre, 2020a) on the BPNSFS and the
LLOS. The procedure adopted was the same for both measures. First, a sepa-
rate PCAR analysis was conducted on the items hypothesized to measure each
proposed construct making up the instrument. There are several benchmarks
provided in the literature for PCAR. Smith and Miao (1994) argue that un-
explained variance in the first contrast with eigenvalues greater than 1.4 may
indicate the presence of other dimensions, although Wright (1996a) argues
that values up to 2.0 are acceptable for unidimensional measures. The vari-
ance explained by the measures should be greater than 50% (Linacre, 2020b).
Eigenvalues are the same as those used in factor analysis, but the interpre-
tation is different. In factor analysis, high eigenvalues show shared variance
by items and suggest that they are measuring the same construct, whereas in
Rasch PCAR, the eigenvalues are of the residuals, and therefore higher values
suggest correlation among residuals, or the presence of a second dimension in
the data.

Following PCAR, the reliability and separation statistics for each intended
construct were considered. Reliability statistics can be interpreted in the same
way as Cronbach’s alpha, with values above .80 generally considered accept-
able (Field, 2009). Linacre (2020b) claims that person separation should be
greater than 2 to distinguish high and low performers, and that item separa-
tion should be greater than 3, although Apple and Neff (2012) argue that item
separation values greater than 5 are preferable to show different levels of a con-
struct within a given population. The next analysis considered the effectiveness
of the 6-point Likert categories. Put simply, this analysis examines whether all
the points on the scale are used, and whether there are real differences between
levels as indicated by the scale. Wolfe and Smith (2007b) recommend that for
an acceptable scale there should be: at least 10 observations per Likert cate-
gory across the data set; average person measures for each category should be
higher than the mean score of the level below; outfit mean squares should be
lower than 2.0; and gaps in difficulty between levels should be greater than
0.59 and less than 5 logits.

The final analysis investigated the fit of individual items to the Rasch
model. Misfitting items generally suggest that they are not effectively measur-
ing the target construct (Waugh & Chapman, 2005; Wolfe & Smith, 2007a).
Following Wolfe and Smith (2007b) and Smith (2000), mean square fit
(MNSQ) values of between 0.6 and 1.4, and standardized z-scores (ZSTD)
values between —2 and +2 were considered acceptable. Ideal mean square
fit values are 1.00 and ideal z-scores are zero. High mean square values
(greater than 1) indicate erratic and unpredictable response patterns that are

657 Language Learning 72:3, September 2022, pp. 646-694

D PUe WIS | 81 39S *[£202/TT/6Z] U0 ARIqIT 8UIUO AB]IM 'S301n0say 91083 - AIqIT AISIBAIUN D10y LeIRIsNY Aq 96vZT BUe|/TTTT 0T/10p w00 /5| mAReiq1ou!|uo//Sdiy woij papeojumoq ‘€ ‘2202 ‘Z266.9vT

35UB017 SUOLUWIOD 3AIea.D) 3fgedlidde au Aq peusenoh ae sspne VO ‘8N Jo sajni Joj Ariqi auluQ AB8|IM uo



Leeming and Harris SDT and Motivation: A Rasch Validation

underfitting the model, whereas low values (less than 1) highlight responses
that are too predictable and are therefore overfitting the model. Infit values are
weighted to give information about the respondents close to their level of en-
dorsability for a given item, whereas outfit values are unweighted and provide
information about respondents who are either far above or below the thresh-
old for the given item. Therefore, high infit values are of more concern than
high outfit values with regard to quality of measurement because they indi-
cate poorly written items (Apple & Neff, 2012). Bond et al. (2021) explain
the difficulties in interpreting fit values. When sample sizes are low, it is more
likely that the mean square fit statistics will show misfit to the model, but al-
though increases in sample size benefit the infit mean square, they negatively
influence the standardized z-scores. Based on their moderate sample size of
approximately 200 participants, Apple and Neff (2012) used standardized val-
ues, but with 600 participants in the current study, the decision was more diffi-
cult. Wolfe and Smith (2007b) suggest that with fewer than 1,000 respondents,
z-score values greater than 2.00 indicate misfitting items. We decided to high-
light items that did not fit the criteria for both standardized z-scores and mean
square values.

To answer the first research question, regarding the validity of the SDT
measures, various statistics are presented and discussed in relation to the
benchmark values presented above. It should be noted that, as with all statisti-
cal analyses, these benchmarks are guidelines rather than hard and fast rules,
and the fact that a measure meets the suggested criteria does not guarantee
its validity. Although these benchmarks are widely used in the Rasch litera-
ture, Bond et al. (2021) stress that careful consideration is needed rather than
simply adhering to cutoff statistics, and Linacre (2020b) also states that these
benchmarks should be used for guidance, to help researchers make informed
decisions about individual items in questionnaires.

Results

The data for the current study (Leeming & Harris, 2021b) have been made
available online at IRIS (https://www.iris-database.org) and OSF https://mft.
osf.io/render?url=https%3 A%2F%2Fosf.i0%2Ffs86b%2Fdownload.

Rasch Analysis of Self-Determination Theory Measures

The first research question concerned how well two scales used in SDT re-
search would perform in a Rasch analysis. The results for the two scales, the
BPNSFS and the LLOS, are presented in the following subsections.
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Table 1 Results of principal components analysis of residuals for the Basic Psycholog-
ical Needs Satisfaction and Frustration Scale

% variance % unexplained % first contrast First contrast
Construct explained variance explained variance  eigenvalue
Autonomy 59.0 41.0 11.4 1.67
Competence 62.4 37.6 9.6 1.52
Relatedness 66.6 33.4 10.7 1.83

Table 2 Person and item separation and reliability for the constructs of the Basic Psy-
chological Needs Satisfaction and Frustration Scale

Person Person Item Item
Construct separation reliability separation reliability
Autonomy 2.29 .84 9.16 .99
Competence 2.49 .86 9.37 .99
Relatedness 2.87 .89 6.38 .98

The Basic Psychological Needs Satisfaction and Frustration Scale

For the BPNSFS, a separate Rasch PCAR was run on each of the three hypoth-
esized constructs: autonomy, competence, and relatedness. All three showed
strong unidimensionality, with variance explained ranging from 59% to 67%
and low eigenvalues for the first contrast (Table 1).

We then examined the person and item separation and reliability for each
construct (see Table 2). Person separation and reliability were strong for each
of the three constructs, with reliability above .80 and separation values above
the benchmark of 2.0 recommended by Linacre (2020b). This means that the
questionnaire was effective in highlighting different levels of the constructs
among participants. The item reliabilities were also strong with values of
.98 and above, indicating consistency among respondents in answering the
questions. Item separation was strong, with values ranging from 6.38 to 9.37,
above the desired value of 5.0 for all three constructs (Apple & Neff, 2012),
suggesting that the items effectively measure different levels of the constructs
within the target population.

Wright maps were examined for the three constructs (Figures 2—4). Persons
are represented on the left by the symbols “#” (representing five respondents)
and “.” (representing one to four respondents). Those respondents with more
of the construct (e.g., greater feelings of autonomy in Figure 2) are at the top.
Items are represented by their number and also the Likert category choice of 1
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to 6. Positioning of items higher up the map indicates that they are harder for
persons to positively endorse, and therefore agreement is indicative of more
(relative to items lower down on the map) of the latent construct. For example,
A3.4 in Figure 1 indicates item 3 for autonomy, and the s/ightly agree choice
category. When a person and item have the same logit score (are at the same
level on the map), there is a 50% probability of the person endorsing the item
at that particular point on the Likert scale (Wilson, 2005). Therefore, using
A3.4 as an example, a person at the same level on the map as this item has a
50% probability of endorsing the slightly agree category.

The autonomy items (Figure 2) show a reasonable spread, with A3 being
the easiest to endorse and AS the most difficult; the item and person means
are the same, suggesting that items are well matched to these respondents.
There is a degree of redundancy, however, with some overlap between A3 and
A5 at the higher end of the figure. Figure 2 shows that a rating of agree (5)
on A3 is equivalent to a rating of slightly agree (4) on A4. This difference
in interpretation of raw scores highlights the dangers of simply adding Likert
category response scores in order to measure a construct.

Figure 3 shows the Wright map for relatedness items, showing that they
were generally easier for the participants to endorse, with the mean for per-
sons above the mean for items. R4 was the easiest to endorse, and R2 was the
most difficult. A large number of people appear above the most difficult items,
indicating a ceiling effect.

The Wright map for the competence items is shown in Figure 4. Although
the items show reasonable spread, again some items overlap, with C1 slightly
agree (4) harder to endorse than C2 agree (5), and of equal difficulty with C5
agree (5). Generally, C2 is the easiest for participants to endorse and C4 the
hardest, although the low mean for the participants suggests that overall, the
items were difficult for these students to endorse.

The next analysis concerned the functioning of the 6-point Likert rating
scale and investigated whether respondents used the entire scale, and whether
difficulty increased incrementally with the response category chosen. The An-
drich threshold is the value at which there is a 50% chance of selecting that
category or the one below (e.g., disagree or strongly disagree). The category
measure indicates where that response is on the logit scale (see the Wright
maps in Figures 2—4). Based on Wolfe and Smith’s (2007b) criteria, the re-
sults suggest that the six Likert categories are functioning well for the items
in each of the constructs that make up the BPNSFS. See Appendix S3 in the
Supporting Information online for the table of results.
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Table 3 Rasch item statistics for the Basic Psychological Needs Satisfaction and Frus-
tration Scale

Infit Infit Outfit Outfit

Item Measure SE MNSQ ZSTD MNSQ ZSTD PMC
Autonomy

A5 .65 .06 0.96 —0.66 0.93 —1.11 75
A6 .55 .06 1.00 —0.02 0.94 —0.95 78
Al .20 .06 1.28 4.24 1.24 3.73 .68
A2 —.18 .06 0.79 —3.82 0.80 —3.54 82
A4 —.21 .06 0.99 —0.18 1.00 0.00 74
A3 —1.01 .06 0.94 —1.07 0.97 —0.55 .79
Competence

Cl 91 .07 1.02 0.42 0.99 —0.23 .80
C3 51 .06 1.10 1.68 1.04 0.64 .81
C4 31 .06 0.94 —0.98 0.91 —1.54 .81
C6 —.44 .06 1.01 0.18 1.02 0.39 77
Cs5 —.62 .06 0.90 —1.65 0.93 —-1.27 .79
C2 —.66 .06 1.10 1.60 1.09 1.46 .76
Relatedness

R2 .60 .07 1.13 2.12 1.12 1.89 .83
R3 .57 .07 0.91 —1.53 0.91 —1.46 .84
RS .02 .07 0.86 —2.47 0.84 —2.83 .86
R1 -27 .07 0.85 —2.72 0.85 -2.51 85
R6 —42 .07 0.91 —1.60 0.91 —1.48 .84
R4 —.49 .07 1.27 4.19 1.29 4.46 81

Note. Bold font indicates misfitting items. MNSQ = mean square; ZSTD = standard-
ized z-scores; PMC = Point measure correlation.

The final area of interest is the functioning of individual items in relation to
the Rasch model of measurement, with misfitting items suggestive of potential
measurement problems. Table 3 shows the item difficulty, or how easily an item
can be endorsed by participants (Measure column), and fit statistics for the 18
items that form the BPNSFS. Point measure correlations highlight polarity of
items and show whether the items are working in the direction expected. Thus,
negative figures or those close to zero suggest that an item is not performing
well (Bond et al., 2021). According to Linacre (2006), any figure greater than
+.4 suggests that indicator polarity is consistent in the scale. Items that do not
meet the benchmarks for either mean square (MNSQ) or standardized values
(ZSTD) are shown in bold. Although the competence items show good fit to
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Table 4 Results of principal components analysis of residuals for the Language Learn-
ing Orientation Scale

Motivation % variance % unexplained % first contrast First contrast
construct explained variance explained variance  eigenvalue
Intrinsic 66.5 335 8.4 1.75
Integrated 62.2 37.8 11.6 1.53
Identified 61.5 38.5 10.9 1.42
Introjected 54.6 45.4 16.6 1.83
External 459 54.1 23.8 2.20
Amotivation 70.0 30.0 10.6 1.77

the model, the autonomy and relatedness constructs each have several items of
concern. Possible reasons for misfit are presented in the discussion section.

To determine the influence of misfitting items on measurement, the disat-
tenuated correlations for each construct measured with and without the mis-
fitting items were correlated. A bivariate correlation analysis was performed,
and the correlations were significant (p < .001) for both autonomy (» = .97,
95% CI [.96, .97]) and relatedness ( = .96, 95% CI [96, 96]), indicating that
removal of the items does little to change the results for persons.

The Language Learning Orientation Scale

The procedure described for the BPNSFS was repeated for the LLOS. A Rasch
PCAR was conducted for each of the six constructs hypothesized to exist in the
instrument: intrinsic motivation, integrated motivation, identified motivation,
introjected motivation, external motivation, and amotivation. The results in Ta-
ble 4 show that five of the constructs show reasonable unidimensionality, with
variance explained ranging from 55% to 70% and low eigenvalues for the first
contrast. The weakest construct was external motivation, where the variance
explained fails to meet the threshold value of 50% (Linacre, 2020b), and the
first eigenvalue was greater than 2, suggesting that it is not unidimensional
(Wright, 1996a).

Following the PCAR, we examined the person and item separation and
reliability for each construct. Person separation and reliability were strong
for four of the six constructs (Table 5), with reliability above .80 and sepa-
ration above the recommended benchmark of 2.00. Introjected and external
motivation showed weak reliability (below .80), and also poor person sepa-
ration. This suggests that respondents were inconsistent in their responses to
these items, and also that the items were not effective in separating the students
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Table 5 Person and item separation and reliability for the constructs of the Language
Learning Orientation Scale

Motivation Person Person Item Item
construct separation reliability separation reliability
Intrinsic 3.04 .90 6.84 98
Integrated 2.27 .84 5.48 .97
Identified 2.24 .83 10.88 .99
Introjected 1.92 .79 6.90 98
External 1.47 .68 8.99 .99
Amotivation 2.49 .86 4.80 .96

into different groups. Both item reliability and item separation were strong for
five of the six constructs, with values for the latter ranging from 5.48 to 10.88.

Wright maps were examined for the six constructs of the LLOS (see
Figures 5-10). The intrinsic motivation items showed good spread around the
mean, although the mean for persons was slightly lower than that for items.
INT4 was the easiest to endorse, and INTS was the most difficult. The in-
tegrated motivation items also showed reasonable spread, although the mean
for persons was a whole logit lower than the mean for items, suggesting that
these items were difficult for participants to endorse. ITE5 was the easiest to
endorse, and ITE4 the most difficult. Although the identified motivation items
also showed reasonable spread and were well matched to the participants, there
were some issues with overlapping items. IDE5 was considerably more difficult
to endorse than IDE1, and a rating of agree for IDES was harder to endorse than
a rating of strongly agree for IDE1. The introjected motivation items showed
reasonable spread around the mean, and again were well matched to the respon-
dents. ITR4 was the hardest to endorse, and ITR1 was the easiest. The external
motivation items showed a good spread and were generally easy for partici-
pants to endorse, with the mean for persons slightly higher than the mean for
items. There were some issues with difficulty of individual items, particularly
in the middle of the map. For EXT2, the most difficult item, slightly disagree
was harder to endorse than slightly agree for EXT1 and EXT3. The Wright map
for the amotivation items revealed a serious floor effect, with a large number
of students showing very low levels of amotivation below the minimum item,
suggesting either that these items were not effective in measuring the construct
within these participants, or that amotivation was not present in the majority of
participants. The mean for persons was approximately 3 logits below the mean
for items, suggesting that these items were very difficult for the participants to
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Leeming and Harris SDT and Motivation: A Rasch Validation

endorse. AMO4 was the easiest to endorse, and AMO2 was the most difficult;
there was also some overlap between different category responses for these
items.

Appendix S4 in the Supporting Information online shows the results of
the category functioning for the LLOS. Generally, the results fit the criteria
previously outlined, although the amotivation construct was heavily weighted
toward negative responses, with only 1% of respondents using the strongly
agree (6) category, and 35% of all responses using the strongly disagree (1)
rating. This suggests that respondents found it hard to agree with most of the
statements in this construct, but this would be expected from a measure of
amotivation, in which a complete absence of motivation is being measured.

Finally, individual items were analyzed for fit to the Rasch model. Table 6
presents the results, with bold indicating poorly fitting items based on the cri-
teria outlined above. The table shows that there are a number of potentially
problematic items in each of the constructs. As with the BPNSFS, possible
reasons for misfit are presented in the discussion section.

To determine the influence of misfitting items on measurement, the disat-
tenuated correlations for each construct were measured both with and without
the misfitting items. A bivariate correlation analysis was performed, and all the
correlations were significant (p < .001) (intrinsic, » = .98, 95% CI [.97, .98];
integrated, » = .95, 95% CI [.94, .96]; identified, » = .89, 95% CI [.87, .90];
introjected, » = .92, 95% CI [.91, .93]; external, » = .75, 95% CI [.71, .78];
amotivation, » = .95, 95% CI [.94, .96]). The comparatively weak correlation
for external motivation is further evidence that the removed items were perhaps
measuring a different construct, and the slightly numerically lower correlation
coefficients for identified and introjected motivation could also suggest weak-
ness in some of the items measuring these constructs.

Self-Determination Theory and TOEIC Listening and Reading

The second research question concerned the relationship between the mea-
sures of motivation and performance on the TOEIC L&R. The latter provides
an outcome variable absent from many previous studies of language motivation
(as noted by Al-Hoorie et al., 2021). The logit scores derived from the Rasch
analyses of the measures of motivation outlined above were added to regres-
sion models with, separately, listening scores and reading scores from the tests
(N = 539). The independent variables of motivation were based on the revised
measures, with the misfitting items revealed by the Rasch analyses, highlighted
in Tables 3 and 6, removed prior to the correlation and regression analyses.
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Leeming and Harris SDT and Motivation: A Rasch Validation

Table 6 Rasch item statistics for items on the Language Learning Orientation Scale

Infit Infit Outfit Outfit

Item Measure SE MNSQ ZSTD MNSQ ZSTD PMC
Intrinsic motivation

5 49 .06 1.27 4.06 1.21 3.25 .79
6 48 .06 1.10 1.57 1.05 0.88 81
1 13 .06 1.06 1.05 1.04 0.69 .80
3 .06 .06 0.87 —2.29 0.85 —2.65 .84
7 -.06 .06 0.88 -2.01 0.86 -2.37 83
2 -.27 .06 0.89 —1.88 0.90 —1.68 .82
4 —.83 .06 0.99 —0.19 1.02 0.41 .81
Integrated motivation

4 .56 .06 1.17 2.59 1.11 1.80 77
3 17 .06 0.96 —0.56 0.95 —0.79 .19
2 -.10 .06 0.79 -3.66 0.77 —-4.07 83
1 —.19 .06 0.88 —-2.01 0.92 —1.26 .80
5 —-.43 .06 1.21 3.25 1.21 3.31 a7
Identified motivation

5 99 .06 1.33 5.04 1.26 4.10 72
2 .08 .05 1.13 2.11 1.11 1.85 .81
4 .01 .05 0.85 —2.65 0.84 -2.86 82
3 -.14 .05 0.77 —4.20 0.77 —4.22 .82
1 -.95 .05 0.94 —1.10 0.92 —1.33 .76
Introjected motivation

4 .67 .05 1.13 2.21 1.06 1.09 72
2 .01 .05 0.90 —-1.86 0.87 -2.26 a7
5 —.14 .05 1.10 1.77 1.12 1.97 73
3 -.22 .05 0.87 -2.33 0.87 -2.30 77
1 -.33 .05 0.99 —0.13 1.03 0.56 71
External motivation

2 73 .05 1.19 3.13 1.18 2.94 .63
5 12 .04 0.96 —0.76 0.95 -0.93 .70
4 —-.04 .04 0.68 —-6.31 0.67 —-6.39 .74
3 -.33 .04 0.94 —1.15 0.93 —1.23 .67
1 —.48 .04 1.22 3.66 1.23 3.69 57
Amotivation

2 44 .09 0.88 -1.52 0.71 -3.68 85
5 25 .09 1.12 1.47 1.16 1.76 .85
3 24 .09 0.78 -2.96 0.65 —4.62 .88
1 —.14 .09 0.91 —1.19 0.86 —-1.71 .84
4 -.80 .08 1.30 3.67 1.42 4.73 .86

Note. Bold font indicates misfitting items. MNSQ = mean square; ZSTD = standard-

ized z-scores; PMC = Point measure correlation.
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Leeming and Harris SDT and Motivation: A Rasch Validation

Table 7 Multiple regression model predicting the Listening component of the Test of
English for International Communication with the Basic Psychological Needs Satisfac-
tion and Frustration Scale

b SE b* t P 95% CI VIF
Intercept  258.62  4.67 .00 5535 < .001 [249.44,276.79]
Aut. 9.08 2.64 22 3.44 .001 [3.89,14.27] 2.37
Rel. —2.64 141 -.10 —-1.87 .06  [-5.42,0.13] 2.21
Comp. 349 250 .09 1.40 Jd6 [—1.42,8.41] 1.70

Note. b = unstandardized regression coefficient; b* = standardized regression coeffi-
cient; VIF = variance inflation factor; Aut. = autonomy; Rel. = relatedness; Comp. =
competence.

Descriptive statistics from the TOEIC L&R and for the nine variables mea-
suring motivation are presented in Appendices S5 and S6, respectively, of
the Supporting Information online. Examination of the histograms for TOEIC
L&R scores showed normal distributions, although the reading scores showed
slight positive skew. Field (2009) argues that significant skew and kurtosis are
likely with large sample sizes, and recommends consideration of histograms
and absolute values. On this basis, the TOEIC L&R data can be considered to
have a normal distribution. The correlation matrix for all the variables in the
study can be seen in Appendix S7 online. There is continued debate over cor-
relation values and collinearity (Dormann et al., 2013), with suggestions that
values greater than .70 or greater than .90 (Tabachnick & Fidell, 2007) indicate
problems with the variables. Therefore, a moderate value of .80 was selected
for this study, and on this basis, correlations were deemed acceptable.

Data were screened following the procedure for regression analysis out-
lined by Field (2009), and univariate and multivariate outliers were removed
from the data (a total of 37 participants). A multiple linear regression model
was constructed with scores from the TOEIC listening section as the dependent
variable (DV) and the three constructs of autonomy, relatedness, and compe-
tence as predictor variables (Table 7). As no a priori hypothesis existed re-
garding the relationship between independent variables (IVs) and the DV, the
entry method was used for IVs (see Field, 2009). Apha values below .05 were
used as the benchmark for significance. The model accounted for 6% (R?; ad-
justed R?> = .05) of the variance in the listening score, F(3, 535) = 10.82, p
< .001, with the observed effect being large enough to meet the threshold pre-
viously determined by sensitivity power analysis (R*> < .02). An R? value of
.06 is equivalent to a correlation of approximately .24 and can be classified
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Table 8 Multiple regression model predicting the Reading component of the Test of
English for International Communication with the Basic Psychological Needs Satisfac-
tion and Frustration Scale

b SE b* t )4 95% CI VIF
Intercept 198.94 431 .00  46.18 <.001 [190.48,207.40]
Aut. 997 243 .26 4.09 < .001 [5.19,14.75] 2.37
Rel. —2.49 130 —-10 —-1.91 .06 [-5.05,0.07] 2.21
Comp. 271 231 .07 1.17 24 [—1.83,7.24] 1.70

Note. b = unstandardized regression coefficient; b* = standardized regression coeffi-
cient; VIF = variance inflation factor; Aut. = autonomy; Rel. = relatedness; Comp. =
competence.

as a small effect size (Plonsky & Oswald, 2014). Autonomy was the only sig-
nificant predictor of TOEIC listening performance. Variance inflation factor
values were well below 10, suggesting that multicollinearity was not an issue
with these variables (Field, 2009).

A second multiple linear regression model was constructed with TOEIC
reading results as the DV and the three constructs autonomy, relatedness, and
competence as predictor variables (Table 8). The model accounted for 7% (R?;
adjusted R? = .07) of the variance in the listening score, F(3, 535) = 13.51, p
< .001. An R? value of .07 is equivalent to a correlation of approximately .26
and can be classified as a small effect size (Plonsky & Oswald, 2014). Again,
autonomy was the only significant predictor of TOEIC reading performance.

The regression procedure was repeated for the LLOS variables. A multi-
ple linear regression model was constructed with TOEIC listening as the DV
and the six constructs from the LLOS as predictor variables (Table 9). The
model accounted for 13% (R?; adjusted R?> = .12) of the variance in the lis-
tening score, F(6, 532) = 12.70, p < .001, with the observed effect being
large enough to meet the threshold previously determined by sensitivity power
analysis (R*> < .02). An R? value of .13 is equivalent to a correlation of approx-
imately .36 and can be classified as a small to medium effect size (Plonsky
& Oswald, 2014). The significant predictors of listening scores were intrinsic
motivation, identified motivation, introjected motivation, and amotivation. In-
trojected motivation and amotivation had a negative relationship with the DV.

The fact that introjected motivation has a strong negative relationship with
the outcome variable (b* = —.24, 95% CI [.87, .90]) and yet near zero corre-
lation (see Appendix S7 in the Supporting Information online) suggests that
it is a suppressor variable (Pedhazur, 1997; Tabachnick & Fidell, 2007). A
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Table 9 Multiple regression model predicting the Listening component of the Test
of English for International Communication with the Language Learning Orientation
Scale

b SE b* t )4 95% CI VIF
Intercept 233.62 5.61 .00 41.61 < .001 [222.38,244.41]
Intrinsic 6.53 245 19 2.66 .01 [1.71,11.35] 3.19
Integrat. 1.49  2.00 .05 0.74 46 [-2.45,5.42] 2.34
Ident. 349 1.59 13 2.19 .03 [0.36, 6.61] 2.24
Introj. —11.12 290 —-24 384 <.001 [-16.81,—-543] 233
Extr. 0.06 1.00 .00 0.06 95 [-1.90,2.02] 1.50
Amot. —332 0.82 —-19 —-4.05 <.001 [-4.93,-1.71] 1.31

Note. b = unstandardized regression coefficient; b* = standardized regression coef-
ficient; VIF = variance inflation factor; Intrinsic = intrinsic motivation; Integrat. =
integrated motivation; Ident. = identified motivation; Introj. = introjected motivation;
Extr. = external motivation; Amot. = amotivation.

suppressor variable improves the overall model by removing the variance that
is shared by predictor variables but not associated with the criterion variable,
therefore effectively removing noise from the model (Pedhazur, 1997). Tabach-
nick and Fidell (2007) describe it as a variable that “enhances the importance
of other IVs by virtue of suppression of irrelevant variance in them” (p. 155).
The implications of this will be discussed in the next section. The standardized
regression coefficient values show that, with the exclusion of the introjected
motivation construct, amotivation and intrinsic motivation account for the most
variance in the DV, followed by identified motivation. Overall, the model ac-
counts for a small but significant part of the variance in listening scores.

A multiple regression model was constructed with reading as the DV and
the six LLOS constructs as IVs (Table 10). The model accounted for 11% (R?;
adjusted R? = .10) of the variance in the listening score, F(6, 532) = 10.65, p <
.001. An R? value of .11 is equivalent to a correlation of approximately .33 and
can be classified as a small to medium effect size (Plonsky & Oswald, 2014).
The significant predictors were identified motivation, introjected motivation,
and amotivation. As with the results for the TOEIC listening scores, introjected
motivation appears to be working as a suppressor variable. In contrast to the
results for the TOEIC listening scores, intrinsic motivation was not a significant
predictor of performance.
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Table 10 Multiple regression model predicting the Reading component of the Test
of English for International Communication with the Language Learning Orientation
Scale

b SE b* t )4 95% CI VIF
Intercept 179.11  5.26 .00 34.05 < .001 [168.77,189.44]
Intrinsic 230 230 .07 1.00 32 [-2.22,6.82] 3.19
Integrat. 2.88 1.88 .10 1.53 A3 [-0.82,6.57] 2.34
Ident. 467 149 19 3.13 .002 [1.74,7.60] 2.24
Introj. —10.40 2.72 —-24 =383 <.001 [-15.74,-5.07] 233
Extr. 1.01  0.94 .05 1.08 28 [—0.83,2.85] 1.50
Amot. —2.46 0.77 —-15 =320 <.001 [-3.97,—-0.95] 1.31

Note. b = unstandardized regression coefficient; b* = standardized regression coef-
ficient; VIF = variance inflation factor; Intrinsic = intrinsic motivation; Integrat. =
integrated motivation; Ident. = identified motivation; Introj. = introjected motivation;
Extr. = external motivation; Amot. = amotivation.

Discussion

The Functioning of the Two Questionnaires: BPNSFS and LLOS

The first research question was concerned with the functioning of the BPNSFS
and LLOS measures as investigated through Rasch analysis. The constructs
measured by the BPNSFS showed strong unidimensionality, and the measures
were effective in differentiating between different levels of autonomy, compe-
tence, and relatedness in the population for this study. The six Likert categories
functioned well, although there were items for both autonomy and relatedness
that appeared to misfit the Rasch model. Item A1 shows underfit and A2 shows
overfit to the model (as stated above, generally, overfit is of less concern for
measurement than underfit). One possible reason for A2’s different behavior
may lie in the fact that the wording has no reference to “choice.” For example,
A5 (“I feel that my decisions reflect what I really want”) allows for choice.
On the other hand, A2 (“I have a strong desire to learn”) alludes to a fixed
emotional state. Reasons why A1 (“I feel a sense of choice in the things I un-
dertake”) is misfitting the model are less clear. With regard to relatedness, R1
(“T feel comfortable working with my classmates”), R4 (“There is a friendly
atmosphere in English class”), and RS (“I get along well with my classmates
in English class”) also show weak fit to the model, with R1 and RS overfitting
and R4 underfitting. Unlike other items, these refer to positive feelings, which
may be why they are behaving differently.
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Although most of the constructs in the LLOS appeared to be unidimen-
sional, results for external motivation suggest more than one dimension. This
may be explained by the disparate nature of the items, whose topics include
the importance of getting course credit and attaining high test scores, being
told that it is important to study, and the perceived need to get a job or a high
salary. Reliability and person separation were also weak for this construct. In
addition, although the Likert categories generally worked satisfactorily, a very
small number of students used the strongly agree option. Also, some individual
items did not fit to the Rasch model.

Intrinsic motivation items 3 and 7 overfit, whereas 5 underfit. Item 3 men-
tions the “high” of learning English (in Japanese this was translated as shigeki,
meaning “stimulation”), which may be hard for students in formal educational
contexts to relate to. Item 7 refers to a “challenge,” which was translated as
yarigai in Japanese. The latter contains a nuance of being something that is
“challenging” but also “rewarding,” and therefore may have been interpreted
as a difficult thing that is worthwhile, but not necessarily held to be intrinsi-
cally motivating. Item 5 mentions “hearing” English spoken, and it is possible
that in this educational context, which often focuses intensively on reading and
discrete grammar, students have limited experience of hearing spoken English,
especially authentic spoken input. The Japanese translation includes the phrase
eigo ga hanasareteiru koto no wo kiku (“to listen to English being spoken”). In
Japanese kiku can mean both “to hear” and “to listen,” and therefore may have
caused confusion for students, as it covers both unintentional (hearing) and in-
tentional (listening) aspects. Although students today have far greater access to
English through media such as Netflix and YouTube, they often rely on dubbed
or subtitled shows. As a result, despite being exposed to and hearing English
through these media, they may not necessarily listen and focus on the English
language input. This may have influenced their responses to these questions.

Items 2 (overfit) and 5 (underfit) from the integrated motivation construct
were also examined. These two items are unique in referring to “self-image”
and “identity,” which may complicate their interpretation by participants.
Indeed, this may be an example of the difficulty of transposing existing instru-
ments across cultural contexts without consideration for cultural differences.
Three items for identified motivation misfit the model: items 3 and 4 (overfit),
and item 5 (underfit). There appears to be a split with the items for identified
motivation, with the first two items referring to speaking more than one
language and the last three items focusing on goals and personal development,
which may be the reason for this lack of fit. Items 2 and 3 for the introjected
motivation construct are overfitting. This may be because these items are
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unique in containing reference to negative feelings of shame or embarrass-
ment. For the external motivation construct, items 1 and 2 are underfitting,
whereas 4 is overfitting. Again, there is a clear split among these items, and
as discussed above, some items (1, 2, and 4) refer to study and the language
course itself, whereas others (3 and 5) refer to future job prospects. Finally, for
the amotivation construct, items 2 and 3 are overfitting, and 4 is underfitting.
These three items all refer to reasons for studying English, whereas the re-
maining two items concern whether students want to study English or consider
it a waste of time, which may explain the lack of fit for these three items.

Overall, the results support the models of motivation proposed by SDT,
with distinct constructs being measured by the BPNSFS and the LLOS.
Without unidimensional measures, researchers cannot be confident in the
interpretation of results (Bond et al., 2021). If questionnaire items designed to
measure intrinsic motivation are actually measuring more than one construct,
it is impossible to interpret how scores derived from these items may be influ-
encing other variables. Therefore, the current study helps to establish the uni-
dimensionality of the majority of constructs in each measure, despite the fact
that the more extrinsically oriented measures of motivation from the LLOS did
not perform well. The results offer encouragement for researchers interested in
using SDT as a framework to understand motivation in this context.

As for the functioning of individual items, although some adaptations had
already been made for this study, it seems that further refinement is needed.
Although confirmatory factor analysis showed satisfactory results for both the
BPNSFS and LLOS in the study by Noels et al. (2019), more detailed item-
specific feedback through Rasch analysis suggests that some of the items would
benefit from revision for use in the current context. The basis of motivational
research is accurate measurement, and this is dependent on the quality of the
individual items that comprise questionnaires. The results of this study demon-
strate the individual item-level analysis that is possible and show that individ-
ual items can be refined to improve subsequent measures. Teimouri, Plonsky,
and Tabandeh (2020) suggest that research can be improved by writing items
for specific contexts, and the results here suggest that Rasch analysis can be
instrumental in this ongoing process.

Relationships Between Measures of Motivation and TOEIC Listening
and Reading

The second research question concerned the relationship between the measures
of motivation and performance on the TOEIC L&R sections. The regression
models using the BPNSFS had R? values of .06 and .07, suggesting a weak
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relationship with the DVs. The models showed that autonomy was the sole pre-
dictor of performance. This supports the findings of Oga-Baldwin et al. (2017)
in a Japanese elementary school context, and Tanaka (2017) in a Japanese uni-
versity context. The latter study showed that autonomy was the only one of
the three constructs to have a significant relationship with motivation, which in
that case related to extensive reading. Tanaka argued that as extensive reading
focuses on books that are simple for the reader, perceived competence was not
important for her students and was not related to their performance with ex-
tensive reading. Similarly, with the participants in the current study, it may be
that in order to perform well on the TOEIC L&R, autonomous individual study
plays a key role. Although English classes are compulsory for most first- and
second-year university students in Japan, many simply aim to pass the course
in order to gain the necessary credits for graduation (Irie & Brewster, 2013).
Therefore, we might hypothesize that only students who are autonomously mo-
tivated will actively seek out opportunities to study and make real gains in their
test performance. Anecdotally, the authors have observed that students who are
motivated to do well on the test will often buy books to study vocabulary or
past test questions, displaying autonomous learning behavior. Feelings regard-
ing classmates are unlikely to influence this kind of self study, and the ques-
tions in the BPNSFS regarding feelings of self-efficacy in English may not be
related either, as they refer to speaking (item 3) and to completing difficult
tasks (item 6). The reasons outlined above might explain why the constructs
of perceived competence and relatedness fail to show a significant relationship
with TOEIC listening scores. Kozaki and Ross (2011) found that the classroom
context influenced gains in proficiency for university students in Japan, who
were influenced by the attitudes of their peers, but a study by Apple, Falout,
and Hill (2013) of science and engineering students in Japan showed the im-
portance of individual motivation. This suggests that motivation may depend
on specific contexts.

The two regression models for the BPNSFS and TOEIC L&R scores
showed almost identical results, indicating no real difference in the influence
of the motivation variables on the two different parts of the TOEIC L&R.
Although the BPNSFS was adapted for the current study, the low degree of
variance explained by the regression models may be the result of using a
general measure that was not originally designed for language learners. In
a similar way, Teimouri et al. (2020) found that items written for language
learning grit were more successful in predicting behavior than a general grit
measure, and the results of the regression analyses above, with only a limited
amount of variance accounted for by the models, suggest that the BPNSFS,
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which is a general measure used in psychology, may be improved by further
revising questions to relate even more directly to language learning.
Regression models were also constructed to investigate the relationship be-
tween the LLOS and the TOEIC L&R scores. For both TOEIC L&R, intro-
jected motivation acted as a suppressor variable, improving the overall model
by accounting for the shared variance in I'Vs not related to the DV (Pedhazur,
1997). It is possible that in this context, feelings of obligation to study English
permeate many different types of motivation at some level, and these feelings
of obligation are similar to the ought-to L2 self described by Dornyei’s (2005)
model of L2 motivation. There have been mixed findings in the Japanese
context regarding the ought-to self. Munezane (2013) found that although
students’ ought-to self influenced attitudes to English, there was no direct
relationship with L2 motivation. However, studies by Taguchi et al. (2009),
Yashima et al. (2017), and Apple et al. (2020) all suggested a role for the ought-
to self in this context. In the current study, feelings of obligation had no direct
relationship with the DVs, supporting the findings of Munezane (2013), whose
study was also conducted in a university context in Japan. Similarly, in the cur-
rent study external motivation also had no relationship with performance on
either test, which suggests that external pressures such as grades and future
job prospects have limited impact on students in this university context. This is
in contrast to the findings of Kozaki and Ross (2011) that the career aspirations
of Japanese university students had a positive impact on growth in proficiency.
Yet, for our university student participants, attempts to motivate students
through rewards or external pressure do not seem to be effective. If students
attend classes and do the required work, they are usually assured of passing the
course, and therefore there is very little external motivation involved. It may be
that because our participants were in their second year at university, they had
not begun the process of looking for jobs (typically done during the third and
fourth years) and therefore were perhaps not considering the potential benefits
that a high level of English proficiency may bring to their future careers.
Integrated motivation does not seem to have relevance to either listening or
reading, perhaps because in Japan, many people do not consider becoming a
bilingual user of Japanese and English to be a realistic goal and it is therefore
not expected or considered as part of their identity (Kozaki & Ross, 2011).
This is also supported by research showing that some students in this context
have no clear view of their ideal self and therefore cannot picture themselves
as someone speaking English (Irie & Brewster, 2013). As would be expected,
in the current study a complete lack of motivation to study was found to be
significantly and negatively related to both listening and reading scores. On a
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positive note, the Rasch analysis showed that amotivation was not high in the
investigated group of students. Finally, identified motivation showed a weak
but significant relationship with listening and reading, perhaps as a result of
a general expectation that Japanese people should have some knowledge of
English in order to play an active role in a globalized world (Apple et al.,
2020).

Although the relationship of LLOS motivational variables to both reading
and listening scores was generally very similar, intrinsic motivation was a sig-
nificant predictor of listening but not of reading performance. We hypothesize
that performing well on the listening test indicates an interest in English, as
students need to actively seek out opportunities to engage with English media
such as YouTube or to interact with other English speakers. This can be fun,
intrinsically rewarding, and also can benefit performance in listening (Chien,
Huang, & Huang, 2020). To do well on the reading test requires more tradi-
tional forms of study, such as intensive review of past papers and vocabulary,
and may be less intrinsically enjoyable. We must stress that the above hypoth-
esis is speculative, and more research is needed to explain the relationship
between intrinsic motivation and listening and reading performance.

The only positive predictor of reading score from among the LLOS motiva-
tional variables was identified motivation, suggesting that students feel English
is important for their personal development, and they may tend to adopt tradi-
tional means of study that involve reading. Identified motivation is related to
internalized forms of motivation and therefore can be hypothesized to have a
positive impact on intended effort and subsequent proficiency (Yashima et al.,
2017).

Generally, although the regression models showed significant relationships
between predictors and DVs, the relationships were moderate, accounting for
small levels of variance with small to medium effect sizes (Plonsky & Oswald,
2014). This may be due in part to the receptive nature of the TOEIC L&R.
Students who are highly motivated to study English and have reached high
levels of conversational English may not score highly on this test. Vocabulary
and grammar knowledge have been shown to correlate strongly with perfor-
mance in English reading and listening proficiency tests (Hung, 2021; McLean,
Stewart, & Batty, 2020), and vocabulary knowledge has been shown to de-
velop through extramural exposure, particularly via engagement with online
resources (Peters, Noreillie, Heylen, Bulté, & Desmet, 2019). It is possible that
the students in the current study with higher autonomy orientations and greater
intrinsic motivation seek out opportunities to engage with English through
such resources, and this might explain why these constructs had a significant
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relationship with listening and reading proficiency. Reading proficiency was
positively predicted only by identified motivation, which is described as inter-
nal (Ryan & Deci, 2017). Further research is needed to investigate this rela-
tionship. It should be noted that in the motivation research literature, Dornyei
and Ryan (2015) describe a .40 correlation as large, and therefore the models
here could arguably be interpreted by some as explaining a reasonable amount
of variation on the TOEIC L&R.

There are several implications from the current study. For researchers, the
findings of the current study demonstrate that Rasch analysis has clear benefits
when evaluating measurement instruments. Rasch analysis is able to provide
more information about the functioning of individual items than other methods
such as factor analysis, allowing researchers to develop and revise items to im-
prove measurement. The findings suggest that for the current context, although
the BPNSFS items performed reasonably well, in order to explain more of the
variance in listening and reading performance they should be revised to focus
more on language learning. Items from the LLOS should also be revised to
increase their effectiveness in explaining performance in this context. Future
studies should attempt to establish how enhancing the identified motivation of
Japanese L2 learners may lead students to extramural English study and en-
gagement with authentic L2 input, which in turn can lead to benefits in L2
comprehension. We also hope that the current study contributes to the research
literature through the inclusion of an outcome variable (Al-Hoorie et al., 2021),
and that researchers can build on the findings with a wider range of DVs.

Limitations and Future Research

Although the large sample size was beneficial for statistical analyses, the cross-
sectional design means that we were unable to identify any changes in motiva-
tion and instead provided a one-off snapshot of motivation. Furthermore, there
was no behavioral measure directly reflecting the time that students invested in
studying English, and we did not assess students’ extramural engagement with
the target language. Finally, the BPNSFS and LLOS were adapted for this spe-
cific context, which may have influenced their functioning in the subsequent
analyses and the applicability of the findings to other contexts.

Future research should attempt to validate the measures used with a more
diverse range of students, in terms of, for example, age, language proficiency,
and language background. It would also be of interest to see how motivation
relates to in-class behavior and engagement with tasks, and to investigate stu-
dents’ views on motivation and language learning. Finally, use of outcome
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variables such as task engagement and speaking proficiency will allow re-
searchers to understand how SDT relates to productive language use.

Conclusion
Motivation is an important individual difference variable influencing success in
language learning (Ddrnyei & Ryan, 2015), and in efforts to better understand
it, SDT is increasingly used (McEown & Oga-Baldwin, 2019). Central to ef-
fective research is effective measurement, and although both the BPNSFS and
LLOS are regularly used, this has been the first study to use Rasch analysis to
examine their validity and reliability. Rasch analyses of both the BPNSFS and
LLOS provided evidence for the unidimensionality of the individual constructs
for which the questionnaires aim to elicit data. Extrinsic measures of motiva-
tion were weakest, with external motivation showing poor unidimensionality,
and introjected motivation and external motivation showing poor person sep-
aration, indicating a lack of ability to measure variance in the population on
these two constructs. Generally, validity and reliability problems with indi-
vidual items may have been due to nuances in the wording of those items,
suggesting that rewriting would be helpful. Wright maps highlighted potential
issues with the common approach of summing Likert category scores to rep-
resent constructs. Regression analyses showed that motivation accounted for a
small but significant amount of the variance in listening and reading test per-
formance. External motivation had no relationship with test scores, and intro-
jected motivation behaved as a suppressor variable, with no direct relationship
to the TOEIC L&R scores, but accounting for common variance in the other
predictor variables. A difference was noted between the differential impact of
intrinsic motivation on listening versus reading performance, in that intrinsic
motivation predicted the variance on listening scores but not on reading scores.
Greater understanding of how motivation influences student behavior could
help language teachers to motivate their students. Central to this understanding
is valid and reliable measurement of motivation, and in the current study we
have attempted to facilitate this through the use of Rasch analysis.
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Appendix S6. Descriptive Statistics for Motivational Variables.
Appendix S7. Correlations for the TOEIC L&R and Motivation Constructs.

Appendix: Accessible Summary (also publicly available at
https://oasis-database.org)

Self-determination theory measures of motivation: Are they valid and do
they predict English reading and listening performance?

What This Research Was About and Why It Is Important

Research on motivation often uses questionnaires, but we need to be confi-
dent that these questionnaires are valid (i.e., measure what they claim to mea-
sure). Two questionnaires commonly used in self-determination theory (SDT)
research are the Basic Psychological Needs Satisfaction and Frustration Scale
(BPNSFS) and the Language Learning Orientations Scale (LLOS). In this
study, data from these questionnaires, administered to learners of English in
a Japanese university, were analyzed using the Rasch model for measurement
to establish their validity. Also, a regression analysis examined whether mo-
tivation, as measured by these questionnaires, predicted English listening and
reading proficiency. It was found that the questionnaires satisfied many of the
requirements of the Rasch model, thus demonstrating their validity, but showed
some items needed revision. Results also showed that autonomy (a sense of
freedom regarding choices about learning) had a significant relationship with
English listening and reading proficiency; intrinsic motivation (a sense of ful-
filment and enjoyment from learning) was related to English listening but not
reading; and competence (self-perceived ability) and external motivations (e.g,
studying for material rewards such as grades or future employment) seemed not
to have any relationship with listening or reading scores.

What the Researchers Did

e The Basic Psychological Needs Satisfaction and Frustration Scale (BP-
NSFS) and the Language Learning Orientations Scale (LLOS) were given
to 600 second-year non-English major university students in Japan studying
English as a foreign language.

® The same students completed the TOEIC Listening and Reading proficiency
tests.

® FEach of the questionnaires was analyzed using the Rasch model for mea-
surement.

e Results from both motivation questionnaires were used to predict scores on
the English proficiency test.

693 Language Learning 72:3, September 2022, pp. 646-694

D PUe WIS | 81 39S *[£202/TT/6Z] U0 ARIqIT 8UIUO AB]IM 'S301n0say 91083 - AIqIT AISIBAIUN D10y LeIRIsNY Aq 96vZT BUe|/TTTT 0T/10p w00 /5| mAReiq1ou!|uo//Sdiy woij papeojumoq ‘€ ‘2202 ‘Z266.9vT

35UB017 SUOLUWIOD 3AIea.D) 3fgedlidde au Aq peusenoh ae sspne VO ‘8N Jo sajni Joj Ariqi auluQ AB8|IM uo


https://oasis-database.org

Leeming and Harris SDT and Motivation: A Rasch Validation

What the Researchers Found

e Rasch analysis showed that the questionnaires measured the hypothesized
constructs appropriately.

® There were some problems with measurement of external forms of motiva-
tion.

o Although the constructs were largely valid, most also had issues that seemed
to be linked to wording of individual questionnaire items.

® Autonomy was a significant predictor of listening and reading proficiency.

® [ntrinsic motivation predicted listening proficiency.

e External forms of motivation had no relationship with reading or listening
proficiency.

Things to Consider

® Rasch analysis offered detailed information about whether each construct
measured by the questionnaires was indeed one construct (versus multiple
constructs), and also about how individual items contribute to the data for
each construct.

® (Questionnaires can be improved by rewriting items based on the results of
Rasch analysis.

® To improve English listening and reading proficiency, external rewards or
threats may not be as useful as enhancing students’ internal forms of moti-
vation (e.g., satisfaction from learning).

® Intrinsic motivation, which was associated with listening proficiency, may
have been caused by increased engagement with English outside of class.

Materials and data: Materials and data are publicly available at IRIS
(https://www.iris-database.org) and OSF (https://mfr.osf.io/render?url = https:
//13A/2F/2Fosf.i0/2Ffs86b/2Fdownload).

How to cite this summary: Leeming, P, & Harris, J. (2022). Self-
determination theory measures of motivation: Are they valid and do they pre-
dict English reading and listening performance? OASIS Summary of Leeming
& Harris (2022) in Language Learning. https://oasis-database.org

This summary has a CC BY-NC-S4 license.
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