Western Norway
University of
Applied Sciences

Self-Efficacy in Mathematics
Education:

Karin Street
Hafslo
25th May 2021




Overview

Quick introduction to self-efficacy — what and why

The meaning of self-efficacy — how | have approached and operationalised
self-efficacy in my research

Applying my approach to measuring self-efficacy for substantive purposes —
Investigating students’ self-efficacy for different levels of difficulty

> Please ask clarifying questions as we go, and make a note of other
questions for the discussion at the end



My argument (substantive):
Perceived task difficulty is important to students’ mathematics self-efficacy

We need to know more about how task difficulty is
related to changes in self-efficacy over time

»

My argument (methodological): There is a need to be
dprecise, thorough, and to recognise the limitations of
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What is self-efficacy?

 Self-efficacy: beliefs in one’s capabilities to organize and execute the
courses of action required to produce given attainments (Bandura, 1997, p. 3).

* Differs from, e.g., self-concept, self-esteem, and self-worth: Self-efficacy appraisal
is (relatively) specific and connected to mastery of prospective (future) tasks

* In my work | have focused on students’
* self-efficacy for mathematics test performance
* and

* self-efficacy for learning mathematics




Why is self-efficacy important?

Self-efficacy is related to study and career choices, experiences of anxiety
or motivation / engagement, and adaptive learning behaviours such as
effort, goal-setting and self-regulation (e.g., Klassen, 2010)

Self-efficacy is related to performance (e.g., Talsma et al., 2018)

An expanded view of learning and agency.

“[tihere is a marked difference between possessing knowledge and
skills and being able to use them well under diverse circumstances,
many of which contain ambiguous, unpredictable, and stressful
elements” (Bandura, 2012, p. 24).

The need to consider the «whole» learner — not just their knowledge



Self-efficacy questionnaires - variations in practice:

> From general®, via domain, to specific task self-efficacy

> Some problematic practice, e.g., inconsistent operationalisation:
> «Mathematics is an easy subject» (low face validity)
> «\Were you succeeding at what you were doing?» (retrospective)

> Some simply different, e.g.:

> “How confident are you that you could solve a math question like this one
in the future?” (single item — needs to be unambiguous)

> Differences in scales: Unipolar / bipolar (Likert), different anchors
> Perceived versus objective level of difficulty (e.g., what % of students
answered the task correctly)

* uniform scale for general self-efficacy is not recommended (e.g., Bandura, 2012; Pajares & Miller, 1995)



Research gap: Self-efficacy and level of (perceived) difficulty

> Self-efficacy is conceptualised as a multidimensional construct (Bandura, 1997):

> Degree of specificity/generality (e.g., general?, academic, domain, task-specific)
> Strength of self-efficacy (e.g., scale from 0-10)
> Level of difficulty (e.qg., self-efficacy for easy or hard tasks)

> Measurement approach recommended by Bandura (1997):

If T heard it twice, I could remembg

Sample Items From the Memory Self-Efficacy Questionnaire (MSEQ)

(Berry et al., 1989)

Grocery

12 i\ems from a friend’s grocery list of 12 items, without taking any list with me to the store.

No Yes 10% 3I0% 40% 50% 60% 70% 80% 90%
If T heard it twice, { could remembye itdms from a friend’s grocery list of 12 items, without taking any list with me to the store.

No Yes 10% 30% 40% 50% 60% 70% 80% 90%
If I heard it twice, I could rememper 8 itemis from a friend’s grocery list of 12 items, without taking any list with me to the store.

No Yes 10% 30% 40% 50% 60% 70% 80% 90%
If I heard it twice, I could rememBer 5 1te s from a friend’s grocery list of 12 items, without taking any list with me to the store.

No Yes 10% 30% 40% 50% 60% 70% 80% 90%
If I heard it twice, I could remem s from a friend’s grocery list of 12 items, without taking any list with me to the store.

No Yes 10% 30% 40% 50% 60% 70% 80% 90%

100%

100%

100%

100%

100%



Self-efficacy for mathematics test performance, study 1 | et swengn andjucetspeciicser

efficacy in mathematics test performance
Street et al., 2017

> We developed the Self-Efficacy Gradations of Karin Elisabeth Sorlie Street, Lars-Erik
e . . Malmberg & Gabriel J. Stylianides
Difficulty Questionnaire (SEGD).
> Four facets of test-taking (specificity), each with — o
varying levels of difficulty, on a 0-10 scale .. 7DM

49:379-395
110.1007/511858-017-083:
(S t r en gth ) Mathematics Education

in Mathematics Education

There are more than 50 problems on the national tests
in mathematics. How certain are you that you can solve at
least a certain number of them? inger
During the national tests this year I can solve:
1: at least 5 of the problems
2: at least 10 of the problems
3: at least 25 of the problems

4: at least 40 of the problems
5: all the problems

> Example item:




Self-efficacy for mathematics test performance, study 1 | et swengn andjucetspeciicser

efficacy in mathematics test performance

* RQ1: What is the structural validity of the proposed self-efficacy R
constructs, which include facets and levels of self-efficacy . '

expectations? 22 s e
* RQ2: How are facet-specific and level-specific self-efficacy
expectations associated with performance on national tests in
mathematics?
@Springer

> Participants were Norwegian grade 5, 8 and 9 students
(N=756), who filled out questionnaires prior to a national
test




Validity — do we measure what we want

to measure?
During the national test this year | can

Face validity (interpretability, solve at least < x > of the problems
operationalisation according to
theoretical stance?) Vs, e.g.,

— | am better at mathematics than my
classmates



Validity — do we measure what we want
to measure?

Face validity (interpretability,
operationalisation according to
theoretical stance?)

Model 2b: 4 correlated latent
facets w/ CUs* for 3 levels

Structural validity (does the theoretically (AT AN m
proposed factor structure fit the data?)

Easy | [Easy2 || Med ||Hard ||Hard2 Easy | | Med | |Hard Easy | | Med [ |Hard Easy | | Med | [Hard

Model 3b: 3 correlated latent
levels w/ CUs* for 4 facets



Validity — do we measure what we want
to measure?

Face Valldlty (Interpretablllty, Easy | |Easy2| | Med |[Hard ||Hard2 Easy | | Med ||Hard Easy | | Med | |Hard Easy | [ Med | |Hard

operationalisation according to DN
theoretical stance?) st

Structural validity (does the theoretically

proposed factor structure fit the data?) //'

Convergent validity (do we find >
theoretically predicted relationships?) National

test scores

Note: Estimates before "/" are Grade 5 results, after "/", in bold, are grade 8/9 results.
All estimates are standardized (STYX) estimates from Mplus (Muthén & Muthén 2012).
Estimates for CUs are not given due to space limitations.



Self-efficacy for mathematics test performance — study 2

Followed students (N=95) across one year

Overall research question: What is the
reciprocal relationship between students’
mathematics self-efficacy and national test
performance in grade 8 and grade 97

Key findings: Differential relationships
according to levels of difficulty

Stronger relationships between self-
efficacy for medium difficulty /hard tasks
and performance, as compared with self-
efficacy for easy tasks and performance

(Street et al., in review)

.23 (d)

.23 (d) ¢

.39 .21 (d '
N TN NN N

Easy Med. Hard
Easy Med. Hard G G9 G9

G8 G8 G8

National National
test scores .86 test scores
Grade 8 Grade 9

Note: "Easy”, "Med.", and "Hard" refer to self-efficacy for easy, medium difficulty and
hard tasks. "G8" and "G9" refer to Grade 8 and Grade 9.

All estimates are standardized (STYX) estimates from Mplus (Muthén & Muthén 2012).
Paths are significant at the p<.05 level. Dotted paths are nonsignificant.

(a), (b), (c), and (d) indicate equality constraints..
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Summary of self-efficacy for mathematics test performance

* It was meaningful to include levels of difficulty when measuring students’
self-efficacy for mathematics test performance

- Differential relationships between students’ mathematics self-efficacy and
test performance according to levels of (perceived) task difficulty

« What role does level of difficulty play for changes to students’
self-efficacy over time (process of self-efficacy change)? (

14



Theoretical model for process of self-efficacy change:

Consider: How do students’
classroom experiences relate to
changes in their self-efficacy for
learning mathematics?

Self-efficacy expectations
influence student
performance through
influencing emotions,
thoughts, and behaviours

Student performances
influence self-efficacy
expectations through
cognitively appraised
mastery experiences

Does task difficulty matter?

NB: Mastery experiences is the
strongest of four proposed
sources of self-efficacy



Research gap: Lack of investigations including process data

Time span of study

Across
several
years

Up to
1 year

Up to
1 hour

A
X ’X(Caprara et al., 2011)
X X X X X X
(Caprara et al., 2008)
X X >X
(Hannula et al., 2014)
X »X
(Collie et al., 2019)
X XX X, . XXXXX
. (Friedel et al., 2010) (Johnson et al.,
X X% 2014
(Phan, 2012) X (Pajares & Graham, 1999) )
X X _ X XXX
(Anderman & Midgley, 1997) (Bong, 2005)

X X 04

A

X X X X

< (Bernacki et al., ZOISD
Y
>
8 9 10 11 12 13 14 15 16 17 18 18+

X = measurement point; single-arrowed lines represent trend / shape of change over time

Student age



Self-efficacy for learning mathematics— study 3

(Street et al., in preparation)

We followed grade 6 & 10 students (N=181) as they were introduced to a new topic

What is the stability and change of students’ mathematics self-efficacy across a

sequence of classroom lessons?

For each of these questions, think about the lesson on <algebra> which is just about to start.

Adapted the SEGD;

Example item:

1: In the next lesson in mathematics you will learn about <algebra>. How certain are you
that you can learn <algebra> with a certain amount of help from the teacher?
In the next lesson in maths I can learn <algebra>:

0 o 10
[Notatall 1 2 3 4 |Moderatelyy 6 Completely
certain certain certain

if | get a lot of help
from the teacher

if | get some help from
the teacher

without any help from
the teacher at all




Key finding 1: Rank order of students’ self-efficacy highly stable:

:Grade

-.19
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Key finding 2: Steeper changes in association with harder tasks and younger students

10 10
9.61
9.5 04 X 9.5
9.38
9.10
9 9
8.5 8.5
8 8
7.5 7.5
7 7
6.5 6.5
6 6
5.5 5.5
5 5
4.5 4.5

=

Grade 6 students

Lesson 1 Lesson 2 Lesson 3

Lesson 4

8.88 8.85

8.82 ' : 8.80

7.36‘/

Grade 10 students

Lesson 1 Lesson 2 Lesson 3 Lesson 4

—o— Hard tasks —#— Medium difficulty tasks —C— Easy tasks
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Summary of self-efficacy for learning mathematics

> Rank order of students’ self-efficacy highly stable
> Students’ self-perceptions as learners and doers of mathematics
> What about maladaptive belief cycles?

> gtf?eplness of growth curves (mean change) differed according to perceived task
ifficulty

> Task difficulty as an opportunity to create memorable / influential mastery
exper/ences? (e.g., Bobis et al., 2021; Warshauer, 2015)

> The difference between learning in the sense of schema building /automation
(might require repetition of procedure, not-too-difficult tasks etc)

> Process of self-efficacy change (might require disruption and disequilibrium to
create influential event)

> The importance of students’ cognitive appraisals (filters through which they
understand classroom experiences)

20



A note on affordances and limitations

Measurement is not meaningful unless there is a standard / point of
comparison: E.qg., differences between individuals/groups, changes over
time...

Measurement invariance is a pre-requisite to make comparisons (to not
compare apples and pears), however...

Simple face validity should not be overlooked amidst the more advanced
statistical procedures (we might be comparing apples and avocados)

Mixed-methods research — e.g., classroom observations and interviews — to
complement and challenge findings, direct analyses

21



Future directions

What characterises the main developmental trajectories (profiles) of student
self-efficacy growth?

What are the individual and classroom factors associated with students’
developmental trajectories?

Develop and test new instruments for classroom observations, e.g.,
> Nature of Task (Street et al., in preparation)
> a novel, dyadic, instrument for instructional and emotional support

What is the relationship between classroom interactions (dyadic and whole-
class) and students’ mathematics self-efficacy changes?

22



Thank you!
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