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Abstract

Grounded in ‘expectancy-value’ theory, this paper reports on the psychometric properties of an
instrument intended to measure students’ motivation in mathematics. The participants were 2045
third-, fourth- and fifth-grade students from Estonia, Finland, Norway, Portugal, Serbia and
Sweden. The Expectancy-Value Scale (EVS) was found to be suitable for early grades of primary
education in measuring competence self-perceptions and subjective task values relative to the
mathematics field. The results indicate a good model fit aligned with the expectancy-value theory.
The EVS dimensions showed good reliability, and scalar invariance was established. However,
findings also indicated high correlations between some of the EVS dimensions, which is well
documented for students at this age. The findings are discussed relative to the ‘expectancy-value’
theory framework and students’ age.
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Introduction

Motivation is a critical ingredient of learning, and the ‘expectancy-value’ theory is one of the
most prominent frameworks for explaining why individuals engage in achievement-related
tasks. This paper aims to analyse the psychometric proprieties of a mathematics motivation
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scale for primary school students based on the ‘expectancy-value’ theory (Eccles et al., 1983;
Wigfield & Eccles, 2020).

Eccles et al. (1983) proposed a model that considers the interplay between expectancies for
success and the values attributed to the task as being crucial for an individual’s choice, en-
gagement and performance (Wigfield & Eccles, 2020). Here, expectancies are defined as indi-
viduals’ beliefs about their success in future tasks, and values are the qualities of tasks and their
influence on the motivation for doing the tasks (Wigfield & Cambria, 2010). The theory dif-
ferentiates between four components of achievement task values: attainment, intrinsic value,
utility and cost.

Attainment value incorporates identity issues, including the importance of doing well on the
task, and is bounded by the extent to which the task fulfils the person’s needs. The concept
connects to the importance of the activity in the broader spectrum of the individual self-schema
(Eccles & Wigfield, 2020), implying that people engage in activities to confirm relevant facets of
their self-schema. Intrinsic value relates to the enjoyment one develops from participating in a task
or interest in the subject, similar to the notion of intrinsic motivation (Eccles et al., 1983). Utility
value rests on the individual’s perception of the usefulness of the task in achieving important
goals, even if there is no interest in the task itself; it is related to the more extrinsic reasons for
engaging with the task and touches upon the individual’s future goals (Wigfield & Eccles, 2020).
Cost is the final identified dimension of the value component that incorporates all the adverse
aspects of engaging in the task (e.g. effort and alternative activities). Cost is critical for choice
because all choices involve considerations of what one must give up doing a task (Eccles et al.,
1983; Wigfield & Cambria, 2010). Despite its importance, the cost dimension has been the least
studied value constituent compared with other components (Kosovich et al., 2015; Wigfield &
Cambria, 2010).

When studying the development of children’s self and task perceptions, Eccles and
Wigfield (2020) concluded that starting in primary school, children distinguish between
self-beliefs associated with different activities and discriminate between valuing activities
and their competence perceptions for these activities. Moreover, regarding the value
component, elementary school children differentiate intrinsic value from utility and at-
tainment, but a partial overlap is reported when observing utility and attainment alone
(Wigfield & Cambria, 2010).

Current Study

Grounded in the ‘expectancy-value’ theory (Eccles et al., 1983; Wigfield & Eccles, 2020), the
present study analyses the psychometric proprieties of the Expectancy-Value Scale (EVS).
Departing from a previous version (Peixoto et al., 2019) that comprised four dimensions: per-
ceived competence (PC), intrinsic value (IV), utility value (UV) and cost (C), a fifth dimension,
the attainment value (AV), was added. We intended to test the EVS instrument and explore its
usability across countries and its suitability for primary education students relative to the
mathematics field.

Methods

Participants

The participants were 2045 students (50.5% girls) in third (n = 672), fourth (n = 745) and fifth
grades (n = 628), from Estonia (n =464), Finland (n =304), Norway (n =339), Portugal (n =339),
Serbia (n = 437) and Sweden (n = 162). Parents’ consent forms were received for each student.



Peixoto et al. 3

Instruments and Procedures

Expectancy-Value Scale instrument. Built on the Expectancy-Value Motivation Scale (EVMS;
Peixoto et al., 2019), new items assessing AV were added. A panel of international experts
evaluated whether each item was appropriate to the AV dimension or whether it should be placed
into one of the four other dimensions. Four of the eleven newly developed items were removed
because expert evaluations were not unanimous. The process resulted in a total of 34 items
distributed over five dimensions: PC (6 items, e.g. Math is easy for me), IV (8 items, e.g. [ like
doing math), AV (7 items, e.g. Being good in math is very important to me personally), UV (7
items, e.g. What I learn in math I can use in daily life) and C (6 items, e.g. Doing math problems
keeps me away from other things I like). The items were set on a 4-point scale ranging from ‘a lot
of times’ to ‘never’.

Earlier, the EVMS was developed in English and translated into Finnish, Norwegian, Por-
tuguese and Serbian, followed by back-translation procedures. The same procedures were re-
peated for the AV items in the EVS. The Swedish and Estonian versions followed the described
procedures for all items. No significant content differences compared with the original wording
were reported.

Math Identity Scale

The Math Identity Scale is a 6-item instrument measuring how much students feel math is essential
to their identity (e.g. Being good at math is an important part of who I am). Confirmatory factor
analyses (CFA) support the unidimensionality of the measure, y*(9) = 105.9, p <.001, CFI = 988,
TLI = .980 and RMSEA = .073, while the reliability is good (Cronbach’s o = .821, McDonald’s
® = .834, Composite Reliability (CR) = .868; Radisic et al., 2022).

Math tests

Two math tests were used as achievement measures. The first comprised 12 (third grade) or 14
(fourth and fifth grade) tasks adapted from TIMSS 2011 (IEA approval 22/022). The second test
assessed arithmetic fluency (Klausen & Reikeras, 2016), including addition, subtraction and
multiplication (omitted in third grade).

Procedures

Trained research assistants administered EVS in a whole-class setting during regular mathe-
matics instruction. Before the measure was administered to the students, they were given
practice items on how to answer the survey. Each test item was read aloud to control for reading
difficulties.

Data Analyses

CFA was carried out in Mplus 8 (Muthén & Muthén, 1998-2017) to examine the theory-
proposed factor structure of the scale by our data. The WLSMW estimator was used because
of the ordinal nature of the data. The hierarchical structure of the data (i.e. students nested in
schools) was taken into account using the option ‘TYPE = Complex’ in Mplus. The goodness
of fit was assessed by considering values of the CFI and TLI higher than .95 and
RMSEA <.08 as acceptable (Brown, 2015). To test how well the factors differentiated and
how the items within each factor related to each other, we followed the guidelines proposed
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by Cheung and Chang (2017) and Fornell and Larcker (1981). Cronbach’s alpha, McDo-
nald’s omega and CR were used to assess reliability. To further test the properties of the EV'S,
we analysed the correlations of the EVS dimensions with the identity scale and the scores
from the two math tests. Comparing configural, metric and scalar invariance models, we
inspected cross-country and cross-grade measurement invariance. Considering that the chi-
square test is susceptible to sample characteristics, we used the difference in CFI and
RMSEA to test measurement invariance. Differences in CFI <.01 and in RMSEA <.015 were
considered indicating measurement invariance (Chen, 2007).

Results

A CFA of the 34 scale items showed an adequate model fit (Table 1). However, because of cross-
loadings of some of the items (e.g. an item in the C dimension) and/or low factor loadings (<.50),
some items were removed from the model, resulting in a best-fitting final model of 28 items
(Table 1).

Analyses of the AVE, the factor loadings and the CR of the scale dimensions (Figure 1, Table 2)
showed that, except for the cost (C) dimension, all other dimensions presented acceptable values
(Cheung & Chang, 2017; Fornell & Larcker, 1981), indicating that the items included in each
factor shared a high proportion of variance. The C dimension contained one item with a factor
loading <.50, and the AVE was also lower than the threshold of .50. To analyse whether the
defined factors differentiated from each other, we compared the AVE with the squared correlation
between the constructs, following the recommendations of Fornell and Larcker (1981). Cheung
and Chang (2017) also suggested avoiding a correlation between constructs significantly higher
than .70. Table 2 shows that all pairs of dimensions, except for utility—attainment (UV-AV) and
cost—intrinsic (C-IV), differentiated well from each other. Following this result and previous work
related to younger students (e.g. Eccles & Wigfield, 2020; Wigfield & Cambria, 2010), we
performed additional analyses merging the UV items with AV and C items with the IV dimension
to test whether it is appropriate to keep all five dimensions separate. First, we tested two different
models with four factors, which showed a slightly worse fit than the model with five dimensions.
Additionally, we tested the three-factor model, which showed an even worse fit to the data (see
Table 1 for fit indices of different models).

To further test the EVS’s properties, we analysed the EVS dimensions’ correlations with the
identity scale and achievement tests (Table 3). As expected, the strongest correlations between the
EVS dimensions and achievement tests were with PC. Other correlations were in the expected
order and direction, with a negative correlation with the C dimension. The correlations between
EVS dimensions and identity scale scores are moderate to large (Cohen, 1988). IVand AV showed

Table I. Goodness-of-Fit Indices for the Tested Models.

x? df p CFl  TLI RMSEA RMSEA 95% CI  WRMR
5 Factor - All items ~ 2487.7 517 <.001 928 .922 .043 [.041, 045] 3.065
5 Factor - 28 items 15322 340 <00l .958 .953 .041 [.039, 044] 2.525
4 Factor® - 28 items  1641.3 344 <00l 954 .949 .043 [.041, 045] 2.646
4 Factor® - 28 items  1593.1 344 <001 956 .95I .042 [.040, 044] 2.635
3 Factor - 28 items 1699.6 347 <001 .952 .948 .044 [.042, 046] 2.751

Note. 4a - Model includes intrinsic value, cost, perceived competence and utility-attainment combined; 4b - Model is
comprised of intrinsic-cost dimension, attainment, utility value and perceived competence; 3-factor model includes
intrinsic-cost dimension, utility-attainment and perceived competence.
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Figure |. Results of the 5 factor model with 28 items. Note. The coefficients presented are standardised
linear regression coefficients, and all are significant (p < .0l).
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the highest correlations with the identity measure. Comparing IV, AVand UV correlations with the
identity score, the difference in the correlation magnitude was significant for the IV-UV
comparison, z = 5.8, p < .001 and for the UV—AV comparison, z = 4.2, p < .001.

The measurement invariance analyses showed a good fit for the configural model, indicating
the same factor structure for all grades and countries (Table 4). The difference in CFI and RMSEA
between metric versus configural and between metric versus scalar was below the thresholds of
.010 and .015, respectively (Chen, 2007). These results support the metric and scalar invariance of
grades and countries, meaning that the scale means are comparable across different countries and
grades.

Table 2. AVE, Reliability Measures and Correlation Matrix Between the Dimensions of the EVS.

AVE M . _ ;" Cronbach’s & McDonalds @ CR | 2 3 4 5
Intrinsic .68 71 .89 .89 93 70 64 —.74 66
Attainment .52 .57 .80 8l 87 49 84 —49 39
Utility .54 .57 .80 8l 87 41 .71 —-44 36
Costs 42 A5 .67 .67 73 .55 24 19 —.64
Perceived competence .58 .63 .85 .85 89 44 15 .13 A4l

Note. Values below the diagonal are correlations among constructs, and values above the diagonal are squared correlations.
All correlation values are statistically significant at p <.001. In bold: correlations higher than .70 and squared correlations
higher than AVE. AVE = average variance extracted; EVS = Expectancy-Value Scale; CR = composite reliability.

M of part-whole corrected item-total correlations.

Table 3. Correlations of the EVS Dimensions with Identity Scale and Achievement Tests.

Identity Test I? Test 2°
Intrinsic .633%* 094+ .057%
Attainment .602* .010 .097+*
Utility ST .037 041
Cost —.405%* —.070** —. 139+
Perc_Comp 553 6l 248+

Note. Perc_Comp = perceived competence.

**Correlation is significant for p < 0.01. * Correlation is significant for p < 0.05.

*Test | is the ratio between the number of correct responses and the total of problems of test |.
PTest2 is the total of correct responses to Test 2.

Table 4. Measurement invariance results for grade and country.

x? df p CFl TLI RMSEA RMSEA 95% CI A CFl A RMSEA

Grade

Configural 2555.5 1020 <.001 .949 943 .047 [.045, 049]

Metric 2549.1 1066 <.001 951 .947 .045 [.043,.047] —.002 .002

Scalar 25332 1168 <.001 955 .956 .041 [.039,.044] —.004 .004
Country

Configural  3171.1 2040 <.001 .970 .967 .040 [.038, 043]

Metric 33543 2155 <001 .969 .967 .040 [.038, 043] .001 .000

Scalar 36858 2410 <001 967 .969 .039 [.037,.042] .002 .001
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Discussion

The purpose of the present study was to contribute to the construction of the EVS through analyses
of'its psychometric properties. The CFA findings validated the suitability of the EVS instrument for
its use in early grades of primary education in different educational settings, describing the five
dimensions aligned with the ‘expectancy-value’ theory. Nevertheless, our findings showed high
correlations between some EVS dimensions. Previous research on EVT has pointed out this problem
with younger students (Eccles & Wigfield, 2020; Wigfield & Cambria, 2010; Wigfield & Eccles,
2020), namely the overlap between AV and UV. Because of this, to avoid multicollinearity problems,
we recommend some caution when simultaneously using the AV-UV and C-IV dimensions in
structural equations modelling or other regression-based analyses. However, considering the
correlation between those dimensions and the external measures, the use of all the dimensions, both
in research using other analytical approaches and clinical use, is recommended. Furthermore, the
experts’ evaluation validated the items’ belongingness to each dimension, which is an essential step
in the validation process — or, as Borsboom et al. (2004) described it, ... if one knows exactly what
one intends to measure, then one will probably know how to measure it ..."” (p. 1067).

The correlations between the EVS dimensions and the identity and test scores were in the
expected direction, hence presenting the predicted pattern. The IV and AV dimensions showed the
strongest correlations with the identity measure. By its very definition, AV is related to identity
(Eccles & Wigfield, 2020; Wigfield & Cambria, 2010), which can explain the higher level of the
correlation between the two variables. Similarly, if a particular subject (e.g. mathematics)
contributes to the person’s identity, it can be postulated that the tasks related to this subject will be
intrinsically valued. The correlations with the achievement tests were lower than those with the
identity measure but were in the expected direction and order. All the EVS dimensions presented
positive correlations with the test scores, except for the C dimension. PC demonstrated the
strongest correlation, and its magnitude was within the expected range (Moller et al., 2009; 2020).

The results for the C dimension were promising. The CR score was acceptable, and the other
reliability indices were close to the threshold of .70 (Nunnally, 1978). Moreover, as expected, the
C dimension was negatively associated with the other dimensions of EVS, the identity measure
and the achievement tests. These results are noteworthy because the C dimension is often excluded
from instruments intended for this age group (Kosovich et al., 2015). At the same time, current
results pave the way for some future developments of the EVS, namely, further improvement in
the wording of the C items, thus leading to an even better dimension fit and improvement in the
AVE and reliability scores.

The results of the measurement invariance confirm EVS is suitable for use in different ed-
ucation settings (i.e. countries) and grades, allowing for deeper cross-country comparisons and
insights into students building their task values and competence self-beliefs over time or in
connection to other concepts central to motivation, such as achievement or identity.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or
publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or
publication of this article: This work was supported by the Norges Forskningsrad (FINNUT (grant number
301033)).



8 Journal of Psychoeducational Assessment 0(0)

ORCID iDs

Francisco Peixoto @ https://orcid.org/0000-0001-7193-2284
Maarja Sormus @ https://orcid.org/0000-0002-6500-9837
Lourdes Mata @ https://orcid.org/0000-0001-8645-246X

References

Borsboom, D., Mellenbergh, G. J., & van Heerden, J. (2004). The concept of validity. Psychological Review,
111(4), 1061-1071. https://doi.org/10.1037/0033-295X.111.4.1061

Brown, T. A. (2015). Confirmatory factor analysis for applied research. Guilford Publications.

Chen, F. F. (2007). Sensitivity of goodness of fit indexes to lack of measurement invariance. Structural
Equation Modelling, 14(3), 464-504. https://doi.org/10.1080/10705510701301834

Cheung, G. W., & Chang, W. (2017). Current approaches for assessing convergent and discriminant validity
with SEM: Issues and solutions. Academy of Management Annual Meeting Proceedings, 2017(1), 1.
https://doi.org/10.5465/AMBPP.2017.12706abstract

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum.

Eccles, J. S., Adler, T. F., Futterman, R., Goff, S. B., Kaczala, C. M., Meece, J. L., & Midgley, C. (1983).
Expectancies, values, and academic behaviors. In J. T. Spence (Ed.), Achievement and achievement
motivation: Psychological and sociological approaches (pp. 75-146). W. H. Freeman and Company.

Eccles, J. S., & Wigfield, A. (2020). From expectancy-value theory to situated expectancy-value theory: A
developmental, social cognitive, and sociocultural perspective on motivation. Contemporary Educa-
tional Psychology, 61, 101859, https://doi.org/10.1016/j.cedpsych.2020.101859

Fornell, C., & Larcker, D. F. (1981). Structural equation models with unobservable variables and measurement error:
Algebra and statistics. Journal of Marketing Research, 18(3), 382-388. https://doi.org/10.2307/3150980

Klausen, T., & Reikeras, E. (2016). Regnefaktaproven. Lesesenteret.

Kosovich, J. J., Hulleman, C. S., Barron, K. E., & Getty, S. (2015). A practical measure of student motivation:
Establishing validity evidence for the expectancy-value-cost scale in middle school. Journal of Early
Adolescence, 35(5-6), 790-816. https://doi.org/10.1177/0272431614556890

Moller, J., Pohlmann, B., Kéller, O., & Marsh, H. W. (2009). A meta-analytic path analysis of the internal/
external frame of reference model of academic achievement and academic self-concept. Review of
Educational Research, 79(3), 1129-1167. https://doi.org/10.3102/0034654309337522

Moller, J., Zitzmann, S., Helm, F., Machts, N., & Wolff, F. (2020). A meta-analysis of relations between
achievement and self-concept. Review of Educational Research, 90(3), 376—419. https://doi.org/10.
3102/0034654320919354

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus user’s guide (8th ed.). Muthén & Muthén.

Nunnally, J. C. (1978). Psychometric theory (2nd ed.). McGraw-Hill.

Peixoto, F., Radisic, J., Krsti¢, K., Yang Hansen, K., Laine, A., Mononen, R., Baucal, A., & Mata, L. (2019,
August 12-16). Developing expectancy-value motivational scale in mathematics: A comparative ap-
proach [Paper presentation]. European Association for Research on Learning and Instruction biennial
conference, Aachen, Germany. https://earli.org/assets/files/BOA-2019.pdf

Radisi¢, J., Peixoto, F., Baucal, A., Krsti¢, K., Mata, L, & Yang Hansen, K. (2022). Becoming a math
person — Examining subject-related identity, task values, and enjoyment [Manuscript submitted for
publication]. Department of Teacher Education and School Research, University of Oslo.

Wigfield, A., & Cambria, J. (2010). Students’ achievement values, goal orientations, and interest: Definitions,
development, and relations to achievement outcomes. Developmental Review, 30(1), 1-35. https://doi.
org/10.1016/j.dr.2009.12.001

Wigfield, A., & Eccles, J. S. (2020). 35 years of research on students’ subjective task values and motivation:
A look back and a look forward. In A. J. Elliot (Ed.), Advances in Motivation Science (Vol. 7,
pp. 161-198). Elsevier Academic Press. https://doi.org/10.1016/bs.adms.2019.05.002


https://orcid.org/0000-0001-7193-2284
https://orcid.org/0000-0001-7193-2284
https://orcid.org/0000-0002-6500-9837
https://orcid.org/0000-0002-6500-9837
https://orcid.org/0000-0001-8645-246X
https://orcid.org/0000-0001-8645-246X
https://doi.org/10.1037/0033-295X.111.4.1061
https://doi.org/10.1080/10705510701301834
https://doi.org/10.5465/AMBPP.2017.12706abstract
https://doi.org/10.1016/j.cedpsych.2020.101859
https://doi.org/10.2307/3150980
https://doi.org/10.1177/0272431614556890
https://doi.org/10.3102/0034654309337522
https://doi.org/10.3102/0034654320919354
https://doi.org/10.3102/0034654320919354
https://earli.org/assets/files/BOA-2019.pdf
https://doi.org/10.1016/j.dr.2009.12.001
https://doi.org/10.1016/j.dr.2009.12.001
https://doi.org/10.1016/bs.adms.2019.05.002

	Contribution to the Validation of the Expectancy-Value Scale for Primary School Students
	Introduction
	Current Study

	Methods
	Participants
	Instruments and Procedures
	Expectancy-Value Scale instrument

	Math Identity Scale
	Math tests
	Procedures
	Data Analyses

	Results
	Discussion
	Declaration of conflicting interests
	Funding
	ORCID iDs
	References


