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ABSTRACT ARTICLE HISTORY

We explore the effect of students’ perceived task difficulty on the Received 29 April 2020
mathematics self-efficacy — performance relationship. Specifically, Accepted 23 June 2022
we expand on previous reciprocal effects studies through including KEYWORDS

students’ self-efficacy for different levels of task difficulty in an Self-efficacy; performance;
empirical investigation. We examined students’ self-efficacy for reciprocal effects; levels of
easy, medium difficulty, and hard tasks and performance on difficulty; national tests;

a national mathematics test in a longitudinal study of 95 mathematics
Norwegian students from grade 8 to grade 9. We found differential

relationships between self-efficacy for different levels of task diffi-

culty and national test performance. In support of the ‘skill devel-

opment’ model, grade 8 national test performance predicted grade

9 self-efficacy for medium and hard, but not easy, tasks. While

mastery experiences are likely to arise more easily on easier tasks,

such experiences are likely to matter more on harder tasks. Our

findings highlight the importance of supporting students’ engage-

ment with challenging tasks to strengthen both their performance

and self-efficacy.

Introduction

Self-efficacy (SE) beliefs are individuals’ judgements about their perceived capability
to perform on future tasks (Bandura, 1997), such as students’ beliefs that they are
able to perform well on a mathematics test. One reason for which SE has attracted
significant research attention has to do with its relation to student learning and
performance (Zimmerman, 2000). Prior studies have shown an effect of mathe-
matics SE on performance results (e.g. Pajares, 1996) and vice versa (e.g. Pampaka
et al., 2011). However, the nature of the possible reciprocal relationship between SE
and performance (Bandura, 1997) is still unclear, particularly the direction and
magnitude of the effects. Furthermore, while there are theoretical reasons to believe
that perceived task difficulty could have a bearing on the relationship between
mathematics SE and performance, this factor was not considered in previous
research.
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A meta-analysis of prior research on the topic (Talsma et al., 2018) concluded that the
dominant direction of the effect was from performance to SE, but the strengths of the
reciprocal effects were moderated by age, and only two of the studies included data from
school-aged children. Four studies, not included in Talsma et al.’s meta-analysis, have
shown effects from performance to SE (Bernacki et al,, 2015), SE to performance (Grigg
et al.,, 2018; Schéber et al., 2018), and reciprocal effects between SE and performance (Du
et al., 2021). Accordingly, the issue of the exact nature of the possible reciprocal relation-
ship between SE and mathematics performance still remains unresolved, especially
among school-aged children.

One possible reason for the discrepancy in previous findings is that perceived level of
task difficulty was not considered in those studies, despite levels of difficulty being part of
the definition of SE as originally proposed by Bandura (1997). As argued in Street et al.
(2017), including SE for different levels of perceived task difficulty (also referred to as
level-specific SE), along with the other two dimensions proposed by Bandura (specificity
and strength), is important as it is an integral part of the definition of SE. Furthermore, it
enables investigations into the potentially differential relationships between SE for
different levels of perceived task difficulty and performance outcomes.

In this article we argue that including SE for different levels of difficulty enables a more
fine-grained investigation of SE, which can provide a more nuanced understanding of the
relationship between SE and mathematics performance. To demonstrate how consider-
ing level-specific SE might contribute to existing knowledge, we expand on previous
reciprocal effects studies through an investigation of the reciprocal effects between
performance on a standardised national numeracy skills test in Norway and students’
SE for easy, medium difficulty, and hard tasks, respectively. We present a theoretical
argument for how and why perceived task difficulty might have a bearing on the
relationship between mathematics SE and performance, drawing on the concepts of
Key Memorable Events (Marmur, 2019) and productive struggle (see, e.g. Hiebert &
Grouws, 2007) in light also of research on the sources of students’ SE (e.g. Butz & Usher,
2015).

Theoretical background

According to Bandura (1997), SE is a multidimensional construct which varies according
to facet-specificity (type of mathematics task) and strength (degree of confidence to carry
out the task), but also according to levels of difficulty (perceived task difficulty). SE is
related to future performance through mediating processes, influencing students” beha-
viours and motivations. SE is associated with individuals’ tendencies to approach learn-
ing tasks (Pampaka et al., 2011), their goal setting and self-regulative processes while they
engage in such tasks (Zimmerman et al., 1992), their effort and persistence, and their
performance outcomes (Pajares & Miller, 1995). It is theoretically plausible that levels of
difficulty have a bearing on the process of SE belief formation, as well as on students’
behaviours and motivations.

Street et al. (2017) argued that students consider the level of task difficulty when
formulating their mathematics SE, and found significant associations between
Norwegian students’ SE and their (later) national mathematics test performance.
The strongest association was with SE for medium difficulty tasks. Students may
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also consider task difficulty when they interpret and make sense of previous perfor-
mance experiences such as, for example, how easy or difficult did each student find
the test, how much help did each student receive, or how much effort did each
student put in it (e.g. Yetkin Ozdemir & Pape, 2013). Nicholls (1978) found that
students are adept at making inferences regarding the relationship between task
difficulty, effort, and ability from around 13 years of age. Accordingly, secondary
school students are likely to infer that succeeding on harder tasks is a more important
indication of future potential as compared to success on easier tasks. Thus, task
difficulty might have a bearing on SE beliefs through students’ appraisals as to the
relevance of the SE source information for their future potential to succeed. In
addition, task difficulty might play a role in terms of how readily previous events
and experiences are remembered. The role of task memorability for changes to
students’ mathematics SE has been discussed previously by, e.g. Butz and Usher
(2015; memorable or transformative moments) and Stylianides and Stylianides
(2014; memorable task). Marmur (2019) argued that single, strongly perceived events
can impact students’ attitudes and beliefs in mathematics, and, furthermore, that such
emotional events are likely to be well remembered due to the rich information stored
in our neural networks. He also proposed the construct of Key Memorable Events
(KMEs) as classroom events that are perceived by students as memorable and mean-
ingful, that are typically accompanied by strong emotions, either positive or negative
(Marmur, 2019).

Memorability is also emphasised in the concept of student struggle, which is the idea
that students will benefit from expanded effort and making sense of mathematics that is
not immediately understandable (Hiebert & Grouws, 2007). Warshauer (2015) described
different ways in which teachers could support students’ productive struggle, through
enabling success without lowering the cognitive demand of the task. This research
suggests that, working on difficult tasks might be likened to experiencing KMEs, in
that they might be accompanied by uncertainty or frustration (while struggling) or
satisfaction or happiness (if the task is overcome). Furthermore, we hypothesise, that
tasks that enable students’ productive struggle, i.e. tasks that are challenging but solvable,
will likely have a stronger relationship with their SE, than tasks that are too easy or too
hard.

Although Bandura advised SE measurements should include different levels of diffi-
culty (Bandura, 2006, p. 311), and despite knowledge regarding the relationship between
task difficulty and students’ ability inferences (Nicholls, 1978), only few other studies
have considered students’ mathematics SE regarding tasks of varying perceived difficulty,
and none that we know of in relation to reciprocal effects with mathematics performance.
Chen and Zimmerman (2007) reported weaker relationships (termed ‘accuracy’) between
US (grade 7, 12-13 year-olds) and Taiwanese (grade 6, age 11-12 year-olds) students’
mathematics SE and performance on hard tasks, as compared with easy and medium
difficulty tasks. However, task difficulty was included in the performance measure
through estimating how many students correctly solved each item, while it was not
included in the SE measure. Thus, the findings by Chen and Zimmerman (2007) are
related more to actual, not perceived, task difficulty. Differently to Chen and Zimmerman
(2007), Locke et al. (1984) investigated memory SE for tasks of different perceived levels
of difficulty. Locke et al. (1984) found that SE for tasks of medium difficulty were most
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predictive of subsequent task performance (r with performance ranging from .40 to 53
over three trials), followed by SE for easy tasks (r ranging from .30 to .39) and very hard
tasks (r ranging from .19 to .40).

While only few studies considered SE for different levels of difficulty, many studies
have investigated the relationship between SE and performance in general. Multon et al.
(1991) conducted a meta-analysis of 39 studies and found overall positive and statistically
significant relationships between SE and academic performance, with a mean effect size
of r, = .38. Effect sizes varied according to the age of the participants, where for instance,
the association between SE and performance was weaker for elementary school students
than upper secondary school or college students. The relationship between mathematics
SE and mathematics performance has been investigated in different countries. Schulz
(2005) investigated results from the 2003 Programme for International Student
Assessment (PISA), which included 15 year-olds in 30 OECD (The Organisation for
Economic Co-operation and Development) countries. SE was positively correlated with
mathematics literacy (OECD median = .52, Norway = .55). Furthermore, SE was found to
predict mathematical problem solving after controlling for factors such as self-concept,
perceived usefulness of mathematics, prior experience with mathematics, cognitive
ability, mathematics Grade Point Average, anxiety, and gender (Pajares, 1996; Pajares
& Miller, 1994).

There is also empirical support for the influence of past performances on SE (e.g.
Pampaka et al., 2011). According to Bandura (1997), SE is formed through four sources,
where mastery experiences provide the strongest source. Mastery experiences stem from
individuals’ appraisals of previous performance situations, for instance, their experiences
from a previous but similar test. Pampaka et al. (2011) measured students’ SE as
a learning outcome of post-compulsory mathematics programmes. They found that
mathematics SE was positively related to both prior attainment, as measured by students’
General Certificate of Secondary Education (GCSE) mathematics grade (Pearson’s
r ranging from .14 to .34), and subsequent achievement outcome, as measured by their
advanced-subsidiary mathematics grade (Pearson’s r ranging from .28 to .39).
Furthermore, Matsui et al. (1990) used students’ self-reported final year secondary school
mathematics grades as proxy for mastery experiences. The authors reported these pre-
vious performances made an independent contribution to their model (R* = .05, F
(1,157) = 12.70, p < .01), and were the strongest of the four types of sources predicting SE.

According to Valentine and DuBois (2005), a mutually reinforcing pattern of effects
between self-beliefs and academic achievement is supported for several types of self-
beliefs. Marsh et al. (2013) described the competing self-enhancement model (self-beliefs
are viewed as a cause of subsequent achievement) and skill development model (self-
beliefs are viewed as effects of previous achievement), and argued instead for a reciprocal
effects model in the case of self-concept. The reciprocal effects model is theoretically
proposed in relation to SE by Bandura’s (1997) definition, but only few studies have
investigated reciprocal effects between school-aged students’ SE and mathematics per-
formance empirically.

In Talsma et al.’s (2018) meta-analysis that we mentioned previously, data from 11
studies were used to investigate the possible reciprocal relationship between SE and
performance (N = 2688); six of these studies considered mathematics and only two of
them included school-aged children as participants. The authors specified a cross-lagged
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panel model (earlier SE to later SE, earlier performance to later performance, and cross-
lags from earlier SE to later performance, and earlier performance to later SE) and found
support in favour of the skill development model (8 = 0.21 for earlier performance on
later SE) rather than the self-enhancement model (8 = 0.07 for earlier SE on later
performance). A subsequent moderation analysis found the effect from SE on perfor-
mance (self-enhancement) was significant only for adults; only the skill development
effect was found for school aged children. The relationship was also moderated by the
time lag (stronger effects for shorter time lag), whether the measures of SE and perfor-
mance were well matched (stronger effects for better matched measures), and the type of
self-efficacy scale used (stronger effects for unipolar rather than Likert-type scales). The
number of studies that met the inclusion criteria set by Talsma et al. (2018) (mainly that
the study was consistent with recommendations from SE theory) was very low (only 11
out of 347 articles), highlighting this on-going challenge in SE research.

Recently, a large study by Du et al. (2021) provided empirical support for reciprocal
effects between SE and performance for school-aged children. Chinese students
(N = 3855) were followed from grades 4 to 6, with a 2-year lag between measurement
occasions (mean ages 10 and 12 years, respectively). Task-specific SE was measured by
eight items adapted from PISA 2012 (example item Finding patterns in a set of numbers,
letters or graphics), to which the students responded on a four-point scale (1 = not at all
confident to 4 = very confident). A cross-lagged panel model gave evidence for reciprocal
effects, where the effect of earlier SE on later performance (8 = .09) was weaker than the
effect of earlier achievement on later SE (8 = .23). Also, achievement was more stable over
time (8 = .44) as compared with SE (8 = .20).

Three further studies (Bernacki et al., 2015; Grigg et al., 2018; Schéber et al., 2018),
which were not included in the Talsma et al. (2018) meta-analysis, contributed different
findings regarding reciprocal effects between SE and mathematics performance for
school-aged children. Bernacki et al. (2015) conducted a micro-analytic study among
9™ graders in the USA (age 14-15 years), within the context of an automated algebra
tutor. They observed four learning periods, where each period included four mathe-
matics problems followed by one SE prompt. Thus, SE and performance scores were
collected across learning tasks that were only minutes apart. Bernacki et al. found skill
development effects from students’ task performance to their SE (f = .16, .16 and .10 for
the first three observations, respectively), while effects from students’ SE to performance
were not significant in the path model analysis. SE was measured by a single item (How
confident are you that you could solve a maths question like this one in the future?), thus
measurement error could not be accounted for.

Two studies (Grigg et al., 2018; Schéber et al., 2018) found significant effects from
students’ SE to their performance, but not from performance to SE. Schober et al. (2018)
found significant effects from German grade 7 (mean age 12 years) students’ SE to their
performance in mathematics eight months later (8 = .08), while the path from students’
earlier mathematics performance to their later SE was non-significant. Schober et al.
(2018) used six items to measure SE (example item I'm certain that I can still reach my
desired level of performance in mathematics even if I get one bad grade), with a four-point
response scale (0 = not at all true to 3 = absolutely true). Similar to Schober et al. (2018),
Grigg et al. (2018) found that students’ SE predicted performance six months later (8 = .34
class grades; B = .22 standardised achievement), and performance predicted initial SE



ASSESSMENT IN EDUCATION: PRINCIPLES, POLICY & PRACTICE . 293

(8 = .39/.39) but not gains in SE (after controlling for initial SE). Grigg et al. (2018) used
the ‘Math self-efficacy scale’ (National Center for Education Statistics, 2003) to measure
grade 6 through grade 10 (mean age 13 years) students’ SE (example item I'm confident
I can do an excellent job on my maths assignments), with a four point Likert scale (1 = almost
never to 4 = always). This scale is somewhat ambiguous in the sense that we cannot know
whether students think they can ‘almost never’/always’ do an excellent job, or whether they
are ‘almost never’/‘always’ confident. Furthermore, the scales used by Schober et al. (2018)
and Grigg et al. (2018) both differ from Bandura’s (2006) recommended scales for
measuring SE (i.e. a unipolar scale measuring degrees of confidence). In line with the
moderating effects reported by Talsma et al. (2018) it is possible that the non-significant
effects of performance on later SE in these studies are due to the way SE was measured.

To sum up, only few studies have investigated reciprocal effects between SE and
school-age children’s performance in mathematics, and those studies have provided
unclear findings as to the nature of the relationship between SE and mathematics
performance. Furthermore, we are aware of no studies that investigated reciprocal effects
between SE and mathematics performance and considered also perceived levels of
difficulty, despite levels of difficulty being an integral part of the conceptualisation of self-
efficacy according to Bandura (1997). There is theoretical reason to expect that students’
previous experiences with harder tasks are both more memorable and more important to
their subsequent SE as compared to experiences with easier tasks, while similarly
previous SE is more relevant for subsequent success on harder (as compared with easier)
tasks, due to the higher need for perseverance on such tasks.

Theoretical model and research questions

In line with theory and empirical findings discussed earlier, we propose a theoretical
model (see Figure 1) where students’ level-specific SE and mathematics performance are
reciprocally related. To investigate this model we included Norwegian students’ SE
responses and subsequent national test performance in mathematics from the beginning

Level-specific
Self-Efficacy
Grade 9

\/

Level-specific
Self-Efficacy
Grade 8

¢ (skill
development)

c (self-
enhancement)

National test National test
scores a scores
Grade 8 | Grade 9

Figure 1. Theoretical model.
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of grades 8 and 9 (ages 13 and 14, respectively). Thus, we specified a cross-lagged two-
wave longitudinal path analysis, such that students’ SE for easy, medium difficulty, and
hard tasks in grade 8 predicted their SE for easy, medium difficulty, and hard tasks in
grade 9 (autoregressive path). Their performance on national tests in grade 8 predicted
their performance on national tests in grade 9 (autoregressive path). SE and performance
were associated within each year-group. Of particular interest for us in this paper was to
investigate the relative magnitudes of the associations according to task difficulty, in
particular the magnitude of the skill development path from earlier performance on later
SE (cross-lagged path), and the self-enhancement path from earlier SE on later perfor-
mance (cross-lagged path). To investigate empirically our proposed model, we posed the
following four research questions.

Research Question 1 (RQ1): What is the relationship between level-specific SE and
performance on national tests in mathematics in grade 8, and level-specific SE and
performance on national tests in mathematics in grade 92

Research Question 2 (RQ2): What is the stability of SE for easy, medium difficulty, and
hard tasks between grade 8 and 9?

Research Question 3 (RQ3): What is the magnitude of the cross-lagged effects from
earlier level-specific SE on later national test performance (self-enhancement), and earlier
national test performance on later level-specific SE (skill development)?

Research Question 4 (RQ4): Does the relationship between SE and national test
performance differ according to SE for easy, medium difficulty, and hard tasks?

Method
Participants

The participants were 95 students (44 female and 51 male) from five Norwegian
secondary school classes who completed self-report questionnaires and took national
tests in mathematics at the beginning of grades 8 and 9. The participants were part
of a larger sample, selected for cross-sectional investigations (see, Serlie &
Soderlund, 2015). Random sampling of schools was not possible and so
a sampling logic was applied to ensure a variety of schools were included in
terms of student performance. Included in the study were schools where students
had performed above and below national test expectations, accounting for measures
of socioeconomic status at the municipal level. The sampling strategy is discussed in
more detail in Langfeldt (2015).

The Norwegian school context differs in some important ways to that of some
other countries, in that more than 95% of Norwegian students attend state schools
(Statistics Norway, 2020) and permanent ability grouping is illegal (Oppleeringslova,
1998, § 8-2). Accordingly, Norwegian classrooms are characterised by a mixture of
ability grouping, as well as mixed student backgrounds in socioeconomic terms.
Conducting investigations in this context might be advantageous in terms of gen-
eralisability of results, as there are few systematic differences between schools in the
country.
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Measures

Students completed the Self-Efficacy Gradations of Difficulty (SEGD; Street et al., 2017)
questionnaire in grades 8 and 9. This multidimensional measure of mathematics SE
includes: four test taking facets (facet-specific SE) related to problem solving (complete
a number of problems, solve tasks of a certain challenge) and self-regulation (concen-
trate, not give up), and three levels (easy, medium, and hard) of perceived difficulty
(level-specific SE). Each of the 14 items in the measure are related to one test taking facet
and one level of difficulty within each facet (see Table 1 for item descriptives). For each
item, students are asked to indicate their confidence (strength of SE) on an 11-point scale
from 0 (not at all certain) to 10 (highly certain). Consistent with Bandura’s theory of
levels of difficulty, three constructs were posed: SE for easy tasks, SE for medium
difficulty tasks, and SE for hard tasks. The structural validity of this measure was tested
(Street et al., 2017), and the resulting best-fit measurement model included three latent
(unobserved) level constructs, with correlated uniquenesses (correlated error terms)
specified for each of the four facets.

Table 1 indicates some expected tendencies, in terms of students’ SE scores.
Consistently, students’ SE for easy tasks are stronger as compared with their SE for
medium difficulty or hard tasks, within the same test-taking facets. Furthermore,

Table 1. Item descriptives SEGD (Street et al., 2017).

Item n missing 1] SD Range Skew Kurt
1 No. of problems_easy 92 3 (3%) 10.93 .36 3 —6.83* 52.06*
2 No. of problems _easy2 92 3 (3%) 10.60 94 5 -2.78 8.32
3 No. of problems _med 93 2 (2%) 9.22 2.09 7 -.86 -.52
4 No. of problems _hard 93 2 (2%) 6.71 2.55 9 -.07 -1.07
5 No. of problems _hard2 91 4 (4%) 341 261 9 1.03 .08
6 Solve tasks_easy 92 3 (3%) 10.17 1.19 5 -2.02 449
7 Solve tasks_med 93 2 (2%) 7.88 1.83 10 —.A45 .68
8 Solve tasks_hard 92 3 (3%) 5.10 2.17 8 .06 -1.03
9 Concentrate _easy 92 3 (3%) 10.61 1.45 10 —4.69* 24.71*
10 Concentrate _med 92 3 (3%) 9.76 1.70 6 -1.24 .38
11 Concentrate _hard 93 2 (2%) 7.40 2.83 10 -.52 -.62
12 Not give up _easy 92 3 (3%) 10.05 1.65 10 =277 10.15%
13 Not give up _med 93 2 (2%) 8.62 1.92 7 -.38 -.77
14 Not give up _hard 92 3 (3%) 7.7 245 9 .06 -1.05
15 National test score 95 0 30.61 11.18 48.00 -.03 -85
16 No. of problems_easy 89 6 (7%) 10.85 .61 4 —4.75% 23.69*%
17 No. of problems _easy2 89 6 (7%) 10.39 1.40 7 -2.82 8.13
18 No. of problems _med 89 6 (7%) 9.11 2.24 9 -1.09 39
19 No. of problems _hard 89 6 (7%) 6.40 2.67 10 -.10 -.92
20 No. of problems _hard2 89 6 (7%) 334 2.68 10 1.10 18
21 Solve tasks_easy 89 6 (7%) 10.18 1.34 5 -2.12 412
22 Solve tasks_med 89 6 (7%) 8.01 2.08 10 -72 1.24
23 Solve tasks_hard 89 6 (7%) 5.03 2.61 9 14 -91
24 Concentrate _easy 89 6 (7%) 10.56 1.22 7 —3.53* 13.37%
25 Concentrate _med 89 6 (7%) 9.57 2.06 7 -1.27 36
26 Concentrate _hard 89 6 (7%) 7.25 3.10 10 —45 -1.14
27 Not give up _easy 89 6 (7%) 9.87 1.87 10 -2.11 5.25
28 Not give up _med 89 6 (7%) 8.53 2.17 10 —.65 13
29 Not give up _hard 89 6 (7%) 6.73 3.04 10 -.19 -1.14
30 National test score 93 2 (2%) 35.69 11.03 47.00 -.58 -.46

*Absolute value higher than recommended cut-off (Kline, 2011, p. 63)
Skewness /kurtosis z-score is larger than 1.65 for all estimates, except those in bold
Items 1-15 are from grade 8, while items 16-30 are from grade 9.
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standard deviations are higher in association with harder task difficulty, while we see
higher estimates of skew and kurtosis in relation to easier SE items. Overall, this might
indicate that most students were confident they could perform the easy tasks (a so-called
ceiling effect), while there were larger individual variations in strength of mathematics SE
for medium difficulty and hard tasks.

The performance measure was raw scores from national tests in numeracy
(Norwegian Directorate for Education, 2016). The test is not a test in the subject of
mathematics, but rather it tests pupils’ ‘fundamental skills in numeracy’ across all
subjects. The skills examined include understanding of numbers, the ability to measure
and use numbers in a broad range of contexts, and being able to interpret and construct
graphical and other quantitative representations. The content of the test in numeracy
includes three areas: number and algebra, measurement and geometry, and statistics and
probability. Norwegian students sit these tests at the start of the school year in grades 5, 8,
and 9. Students in grades 8 and 9 sit the same test, which involves 58 problems, scored as
either correct (1 point) or incorrect (0 points). Participants in our study sat the national
tests within one to two weeks after completing the SEGD questionnaire. We used unique
identifiers to link the national test scores with students’ questionnaire responses.
Norwegian national tests are centrally administered by the Norwegian Directorate for
Education and Training. The reliabilities (Cronbach’s alpha) of the national tests in
numeracy for grades 8 and 9 in 2012 and 2013 ranged from .93 to .94 (Ravlo &
Johansen, 2013; Ravlo et al., 2014).

The item descriptives in Table 1 indicate that while students’ mathematics perfor-
mance increased, their mathematics SE decreased across the space of the year (in
absolute terms). This is demonstrated in that of 14 repeated SE items, students’ scores
on 12 of these were lower in grade 8 as compared to grade 9. We compared the mean
scores of our sample to the national average on the national tests in mathematics for
each of the years in question (2012 and 2013). We found that in grade 8 there was
a mean difference in scores (2.13), which was marginally significant (t = 1.86, p = .066),
while the mean difference in grade 9 (2.74) was significant (t = 2.40, p = .018). That is,
while the students in our sample performed only marginally better than the national
average in grade 8, they scored significantly better in grade 9, i.e. it seems these classes
improved more than the national average. It is thus possible that there was
a systematic difference between the students or the classes in our study, as compared
to the population of grade 8-9 students in Norway. This has implications for the
interpretations of our findings: Our findings are intended as empirical illustrations of
the potentially differential relationships between SE and performance when including
SE for different levels of difficulty, rather than generalisable estimates of that
relationship.

Reciprocal effects model

Our modelling choices were informed by both the previously established factor structure
of the SE measure and our theoretical model. Street et al. (2017) found that the best-fit
model was one that accounted for the multidimensional nature of SE, through correlated
latent level constructs and correlated uniquenesses for facets of mathematics. The current
study includes a subsample of the participants in the Street et al. (2017) study, followed
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up over two years. Thus, the factor structure of the SE measure has already been
established. In order to estimate the relationships between latent constructs we included
scale-scores (parcels) in a cross-lagged path model.

Parcelling involves aggregating (taking the sum or average of) two or more items to
manufacture an indicator of a construct (Little et al., 2002). While the current measure of
SE is multidimensional, Little et al. (2002, p. 169) argue that when the aim is to investigate
substantive relationships, rather than factor structures, parcelling can be a useful and
appropriate approach, because the residual for the secondary loading of the multidimen-
sional factor is eliminated. In other words, parcels can be specified in such a way as to
construct ‘clean’, unidimensional constructs, comparable to the technique of applying
correlated uniquenesses to account for multidimensionality. According to this approach,
item parcels were formed through aggregating items in such a way that the secondary
loading (for facets of mathematics) was spread across the latent level parcels. For
example, the ‘easy’ parcel contains all items related to the easy latent construct, across
four different facets (see Figure 2).

We specified a cross-lagged two-wave longitudinal path analysis according to the
recommended design (see, Talsma et al., 2018). In this model (Model 0), students’ SE
level constructs (SE for easy, medium difficulty, and hard tasks) in grade 8 predicted
their SE level constructs in grade 9, and students’ national test performance in grade 8
predicted their national test performance in grade 9 (autoregressive paths). SE level
constructs and performance were associated within each year-group. Finally, we
specified two cross-lagged paths, where students’ SE level constructs in grade 9
were regressed on their national mathematics test performance in grade 8 (skill
development), and students’ national mathematics test performance in grade 9 was
regressed on their SE level constructs in grade 8 (self-enhancement), respectively.
Building on Model 0, we specified models with different equality constraints to
investigate the relative stability of our SE level constructs, as well as whether there

SOON TN

SE
Medium task

1 2 3 4 5 6 7 8 9 10 11 12 13 14

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

Figure 2. Factor structure of the Self-Efficacy Gradations of Difficulty questionnaire.
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were differential relationships between performance and SE for different levels of
perceived difficulty. We first specified Model 1 (see Figure 3) where we constrained as
equal the three SE level constructs for the autoregressive paths (paths al-3) as well as
for the associations between SE and performance (paths c1-3, c4-6, r1-3, and r4-6).
For each of the structural paths, we then lifted the constraints step-by-step and
compared the model fit indices for the nested models to derive a best-fit model
(Model 2).

Analytic strategy

We analysed the data with structural equation modelling, using the maximum likelihood
estimator in Mplus (version 7.31 for Mac: Muthén & Muthén, 2012). Path models allow
for the estimation of unique effects between variables that can be simultaneously
included as independent and dependent constructs (Hoyle, 2015), which serves our
aim of investigating the relative contribution of mathematics performance and three self-
efficacy level constructs in a reciprocal model (i.e. a cross-lagged panel model; see
Figure 1). We used the Root Mean Square Error of Approximation (RMSEA <.06
acceptable), the Standardised Root Mean Square Residual (SRMR<.08 acceptable), and
the Comparative Fit Index (CFI) (CFI > .95 acceptable) for good fit (Hu & Bentler, 1999).
As mentioned, we used equality constraints to compare parameters associated with
different levels of task difficulty. For comparisons between nested models including
different constraints for equality, we considered both Ay’ in relation to the difference
in degrees of freedom (a non-significant Ax> indicating support for the more parsimo-
nious model) and ACFI (ACFI equal to or less than .010 indicating support for the more
parsimonious model; Chen, 2007). We used the ‘new parameters’ option in MPlus to
investigate whether parameters (defined a-priori) in the final model differed significantly

National National
test scores (ad) test scores
Grade 8 Grade 9

Figure 3. Reciprocal effects model with equality constraints (Model 1).
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from one-another. Specifically, we compared the stability of SE versus test performance
(see paths al-a3 and a4 in Figure 3, respectively) and the associations between SE and
performance in grade 8 and grade 9 (see paths r1-r3 and r4-r6 in Figure 3, respectively).

Results

Table 2 presents the correlation matrix for students’ SE latent level constructs and
national mathematics test scores for grade 8 and grade 9. Some tendencies (in absolute
terms) are noteworthy. First, the correlation estimates are significant in association with
all the SE latent level constructs except for three cases, all associated with grade 9
students’ SE for easy tasks. Second, the autocorrelations (correlations between corre-
sponding constructs in grade 8 and 9) for students’ SE for medium difficulty and hard
tasks (both r = .45) are stronger than for easy tasks (r = .13, n.s.), indicating higher
stability across time for these constructs. However, it is possible that the non-significant
autocorrelation for the easy level construct is related to a lack of variability in scores, as
most students reported high SE in relation to easy tasks (see Table 1). Third, the strongest
correlation estimate is the autocorrelation for students’ scores on the national mathe-
matics tests (r = .87), indicating high stability of students’ test performance from grade 8
to grade 9. Finally, correlation estimates are consistently stronger in association with
students’ SE for medium difficulty tasks (mean r = .43), as compared with their SE for
hard (mean r = .37) and easy (mean r = .25) tasks.

In terms of the self-enhancement (previous SE on subsequent performance) versus
skill development (previous performance on subsequent SE) effects, SE for easy tasks was
associated with test performance (r = .22) but not across time (r = .13, n.s.), and that
grade 8 SE was associated with grade 9 test performance (.24). In terms of medium
difficulty tasks, SE was associated with test performance (r = .46) and across time
(r = .45), and grade 8 SE was associated with grade 9 test performance (r = .44).
Finally, in terms of hard tasks, SE was associated with test performance (r = .34) and
across time (r = .45), and grade 8 SE was associated with grade 9 test performance
(r = .32). Overall, we see evidence for reciprocal effects, except in the case of the SE for
easy tasks. While these estimates will be useful for future meta-analyses on reciprocal
effects and mathematics performance, we proceeded to use path modelling to estimate
unique effects between SE and performance for different levels of task difficulty.

Table 2. Correlation matrix of latent SE level constructs and national test scores.

1 2 3 4 5 6 7
1 Grade 8 SE easy
2 Grade 8 SE medium 59%*
3 Grade 8 SE hard 23% 70%*
4 Grade 8 NT score 22% A6%* 34
5 Grade 9 SE easy 13 .26* 14 21
6 Grade 9 SE medium 22% A5%* 37%* 34%* 68**
7 Grade 9 SE hard 23% AQ** A5 31 36%* .80%*
8 Grade 9 NT score 24* A4** 32%% 87** .26* A4x* 39%*

* Correlation is significant at the p < .05 level (2-tailed).

** Correlation is significant at the p < .01 level (2-tailed).

SE easy, medium, and hard = self-efficacy for easy, medium difficulty, and hard tasks.
NT score = national test score.

Variables 1-4 are measured in grade 8; variables 5-8 are measured in grade 9.
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Table 3. Fit indices from structural equation models.

Fit indices Model comparison*
Model X p RMSEA  CFl  SRMR  ACFI M aan p
0 All structural paths g =534 p=.501 0.00 1.00 0.05
freely estimated x*/df = 0.89
1 Paths associated with ~ x%;6 = 3849 p =.001 0.12 093 0.16

SE level constructs X*/df = 2.41
constrained as equal
2 Best fit model X1 =653 p=.89 0.00 1.00 006 007 AX*4 =319 p<.05
X*/df = 0.54

* Model 2 was compared against the more parsimonious model, Model 1.

In Model 1 all autoregressive paths as well as all associations between SE level constructs and performance were
constrained as equal across all SE level constructs. In Model 2 the associations between performance and SE for easy
tasks were not constrained as equal to the associations between performance and SE for medium difficulty and hard
tasks.

When we fitted our path model to this data we found that our proposed model,
including students’ SE for easy, medium difficulty, and hard tasks as well as their national
mathematics test performance resulted in excellent fit (Model 0, see Table 3). Overall,
parameter estimates from this model indicated differential relationships between SE and
performance according to task difficulty. Thanks to a reviewer comment, we decided to
replicate this model using the Bayesian estimator in MPlus, to check the robustness of our
parameter estimates. While the MLR estimator relies on large sample logic and investigates
the probability of the sample given the model, the Bayesian estimator investigates the
probability of the model, given the sample, and provides robust results even with small
sample sizes (see, e.g. Brown, 2015, p. 402). Our replication confirmed Model 0 as an
excellent-fit model and provided support towards the robustness of our parameters.
Standardised parameters in the models using the MLR and Bayesian estimators were
comparable, if not identical. The largest difference was .03 (standardised estimate), which
was in relation to the association between SE for medium difficulty and hard tasks in grade
8 (MLR estimator = .39; Bayesian estimator = .36). The replication using the Bayesian
estimator was valuable given the aim of our study to investigate whether the levels of
perceived difficulty might have a bearing on the relationship between self-efficacy and
mathematics performance (rather than provide generalisable estimates of these relation-
ships). In Model 0, the magnitudes of all associations are freely estimated. In contrast to
this, and the most parsimonious model, is one where the associations between each of the
SE level constructs are assumed to be similar (Model 1, Table 3). We proceeded to compare
models with different equality constraints for each of the autoregressive (stability of SE
from grade 8 to grade 9) and cross-lagged paths (i.e. skill development path and self-
enhancement path), and for each of the within-year associations between SE and test
performance. In other words, we tested step-by-step whether model fit improved signifi-
cantly when each of the paths were allowed to be freely estimated, as compared to when the
paths associated with all three SE level constructs were constrained to be equal. A significant
improvement in model fit indicates the parameters in question are significantly different,
i.e. they cannot be constrained as equal. Based on these step-by-step tests, we specified an
overall best-fit model (Model 2), which resulted in significant improvement in model fit, as



ASSESSMENT IN EDUCATION: PRINCIPLES, POLICY & PRACTICE . 301

.23 (a3)

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

Figure 4. Best fit model (Model 2).

compared with both Model 0 and Model 1 (see Table 3; see technical appendix for model
specifications). Thus, we use the parameter estimates from Model 2 (see Figure 4) to
address our substantive research questions.

In relation to RQ1, “‘What is the relationship between level-specific SE and perfor-
mance on national tests in mathematics in grade 8, and level-specific SE and perfor-
mance on national tests in mathematics in grade 9?’, there are significant associations
between students’ national mathematics test performance and their SE for medium
difficulty (r = .44/.31) and hard (r = .32/.23) tasks in grade 8 and grade 9, respectively,
while the association between students’ performance and SE for easy tasks is significant
in grade 8 only (r = .27). The associations are significantly stronger in grade 8 than in
grade 9 (p < .01), which is to be expected given that the grade 9 estimates are controlled
for previous SE and test performance. There are significant differences between the
associations according to SE level, where within each year the associations between
performance and SE for medium difficulty and hard tasks are stronger than the
association between performance and SE for easy tasks. This is demonstrated through
the improvement in model fit (in Model 2) when the association between SE for easy
tasks and performance is not constrained to be equal to the other paths (as they were in
Model 1).

In relation to RQ2, “What is the stability of SE for easy, medium difficulty, and hard
tasks between grade 8 and 97, students’ SE is significantly stable from grade 8 to grade 9
(8 = .21 to .23). In comparison, the stability of students” national test performance is
considerably higher (5 = .86), a difference which is statistically significant (p < .001). The
stability paths for students’ SE for easy, medium difficulty, and hard tasks are in Model 1
constrained as equal, and there is no significant improvement to model fit when they are
lifted in Model 2, thus the stability of students” SE does not differ according to perceived
task difficulty.
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Considering the cross-lagged paths (RQ3), “What is the magnitude of the cross-lagged
effects from earlier level-specific SE on later national test performance (self-
enhancement), and earlier national test performance on later level-specific SE (skill
development)?’, there is an effect from earlier performance to students’ SE (skill devel-
opment) for medium difficulty (8 = .19) and hard (3 = .23), but not easy, tasks. The self-
enhancement paths (earlier SE to later performance) are all non-significant. In terms of
the skill development paths, there are significant improvements in model fit when
equality constraints are lifted, indicating the magnitudes of the effects from earlier
performance on later SE differ significantly according to task difficulty, with stronger
effects in association with harder perceived task difficulty.

Overall, there is evidence for differential relationships between performance and SE
according to levels of perceived difficulty (RQ4), ‘Does the relationships between SE and
national test performance differ according to levels of SE?”. While SE for different levels
of task difficulty is equally stable across time (RQ2), the associations between SE and
performance within each year (RQ1) and the effect from earlier performance to later SE
(RQ3) differ according to level of SE. Specifically, the magnitudes are significantly weaker
in association with SE for easy tasks, as compared with medium difficulty and hard tasks,
as elaborated in the discussion of RQ1 and RQ3.

Discussion

Perceived task difficulty is a central component when students formulate their self-efficacy
for future tasks, and when they appraise their past experiences (Bandura, 1997). In this
paper, we expanded on previous studies on reciprocal effects between self-efficacy and
performance by including students’ self-efficacy for easy, medium difficulty, and hard tasks
in an empirical investigation related to Norwegian students’ performance on a national
mathematics test. Consistent with Bandura (1997), the current study lent empirical support
to the theoretical idea that there are differential associations between mathematics SE and
performance as a function of perceived task difficulty. Our findings indicated that previous
national test scores had a stronger effect on students’ self-efficacy for tasks they perceived to
be harder, as compared to tasks they perceived to be easier. Similarly, gains in mathematics
self-efficacy in grade 9 were associated with gains in grade 9 national test scores (after
controlling for grade 8 self-efficacy and test scores), only in the case of tasks of perceived
medium or hard difficulty. While our study lent empirical support to the skill development
model, previously supported in a meta-analysis (Talsma et al., 2018) and a recent large-scale
study (Du et al., 2021), most importantly our study demonstrates the value of considering
perceived task difficulty when investigating the relationship between SE and performance.
In the following paragraphs we will discuss in further detail our findings and their
implications. We will start with some key emerging themes about the role of task memor-
ability and importance, before discussing findings in relation to each research question.

Task memorability and importance

SE theory (Bandura, 1997) proposes that the main mechanisms through which SE and
(test) performance are related are through students’ behaviours or physiological states
such as test perseverance or anxiety (in the case of the effect of earlier SE on later test
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performance), and through appraised mastery experiences as a source for SE (in the case
of the effect of earlier performance on later SE). In light of this, our findings (RQ3 and
RQ4) indicate that the result students achieve on a national test might serve as
a memorable event (see, e.g. Marmur, 2019; Stylianides & Stylianides, 2014), to the
degree that this mastery experience might influence the students’ SE (for medium and
hard tasks) for an identical test a year later. Easy tasks require less ability, effort, or
perseverance as compared to harder tasks, thus past performance might be less important
for students’ formation of SE for easy tasks. Furthermore, it is possible that performance
on harder, relative to easier, tasks is more important to the formation of SE because
students do not have to struggle to succeed on easy tasks, and thus the event is less
imbued with emotion or affect, thereby becoming less memorable. Several researchers
(e.g. Hiebert & Grouws, 2007; Warshauer, 2015) argued that cognitive challenge and
struggle is essential for student learning, while Hiebert and Grouws (2007) argued that
student struggle is likely to help students develop their persistence and a growth mindset.
Some cognitive research also indicated students will remember working on relatively
harder tasks to a higher degree than working on relatively easier tasks (Bjork & Bjork,
2011).

We conjectured that the relationship between students’ mathematics performance and
their subsequent SE is strongest for tasks that present as KMEs, that is, tasks that are
memorable, challenging, and imbue positive or negative emotions for students from
engaging with. In our study we found a stronger effect of earlier performance on
a national test on students’ SE for harder, as compared to easier, tasks, a whole year
later. National tests are not ‘everyday tasks’ and might lend themselves as particularly
memorable as compared with classroom tasks. Furthermore, we conjectured that students’
previous SE might be more important for their performance on future harder (as compared
with easier) tasks, due to the higher need for perseverance on such tasks. However, we
found that for the within-year associations (where students’ SE was measured up to two
weeks prior to their test performance), the association with performance was strongest for
students’ SE for medium difficulty, followed by hard, then easy tasks. While the differences
in magnitude were not large, it is conceivable that perceived difficulty has a different
bearing on the effect of performance on SE as compared to the effect of SE on performance,
as the mechanisms through which SE and performance are related differ.

We also draw attention to the difference between a classroom and a test situation,
where there is no teacher support available. Warshauer (2015) discussed ways in which
teachers can support students’ productive struggle, without lowering the cognitive
demand of the task. While students might give up if the task is too hard during a test,
teachers could potentially support continued engagement with and success on relatively
harder tasks in a classroom situation, in addition to supporting students’ appraisals of
previous performance experiences, thus strengthening both the SE to performance and
the performance to SE paths. Future studies could investigate the role of task difficulty
and teacher support on the relationship between SE and performance. Furthermore, it
would be valuable to test the hypothesis that students’ performance experiences on
a perceived challenging task predict students’ SE at the beginning of the next lesson,
while their performance experiences on a perceived easy task do not.
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The self-efficacy — performance relationship across different time-lags

Although only the cross-lagged effect of grade 8 mathematics performance on grade 9 SE
(and not vice-versa) was supported in our study (see RQ3), our RQ1 results indicate that
students’ grade 9 SE for medium difficulty and hard tasks were associated with their grade
9 national test scores, after controlling for previous SE and performance. Thus, while test
performance in the current study was highly stable, SE still had a significant role in terms
of gains in test performance. SE theory (e.g. Pajares & Miller, 1995) predicts stronger
associations between SE and performance when the SE items correspond with the
performance situation, which was confirmed as a moderating effect in the study by
Talsma et al. (2018). The items we used to measure SE in our study all refer to the
national mathematics test the same year, thus it is reasonable to expect a stronger
relationship with students’ performance on the immediately upcoming test, as compared
with their performance one year later. It is possible that a reciprocal effects study
including SE items referring to mathematics test performance more generally could
yield different results. Moreover, it is possible that the (weaker) effect of SE on perfor-
mance can only be detected across shorter time lags (e.g. one to two weeks), while the
(stronger) effect of performance on SE can be detected also across longer time lags (e.g.
across a full year). Including different time lags as well as repeated SE and performance
cycles might shed further light on the issue of the relative magnitudes of the reciprocal
effects between SE and mathematics performance in future studies.

Unlike the case for medium difficulty and hard tasks, gains in grade 9 students’ SE for
easy tasks were not associated with gains in their performance from grade 8 to grade 9. As
previously discussed, easy tasks do not require much in terms of perseverance or effort,
behaviours that are important to test performance. Thus, students might formulate
strong SE for easy tasks, without this being a good indicator of their effort or persever-
ance during a future test. While SE did not predict performance a year later, our findings
of RQI indicate that students’ SE for medium difficulty and hard tasks are significantly
related to test performance in the near future, even as previous SE and performance are
controlled. This implies it is worthwhile for teachers to consider ways in which to support
students’ SE in addition to supporting their skill development. Performance is not
determined by skills alone, but also test or learning behaviours and affective states,
which are related to the notion of SE. While succeeding on harder tasks might require
both student struggle and perseverance, success on easier tasks is likely to require less
effort and be less memorable. This implies that, in terms of supporting changes to
students’ SE, classroom time is relatively better spent on supporting student engagement
with and success on challenging tasks (albeit fewer), rather than on students working
with and succeeding on less challenging tasks (albeit larger in number).

Stability of self-efficacy over time

Considering now RQ2, we found that students’ mathematics SE was significantly stable
from grade 8 to grade 9. High stability of SE would be beneficial for students with strong
SE, while for students with weak SE high stability might indicate they do not change their
SE even after positive performance experiences - i.e. they interpret new information and
experiences in a way that confirms their previous beliefs (see, e.g. Butz & Usher, 2015).
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While students” SE was less stable than their mathematics performance, the magnitude of
the effect of previous SE on later SE was comparable to the effect of previous performance
on later SE (the skill development effect). Our RQ2 finding reiterates the implication
discussed above of spending time on tasks that are important and memorable, if and
when the goal is to affect changes to students’ mathematics SE. In our study across the
span of a year we found no differences in the stability of students’ SE according to
perceived task difficulty. Future studies can investigate SE changes for tasks of different
levels of difficulty over shorter time spans, such as across a sequence of lessons, in order
to better understand the process of SE change which happens across appraised learning
events (Bandura, 1997), rather than across months or years.

Support for the skill development model

In relation to RQ3, we found support for the skill development model, that is, the effect of
earlier mathematics test performance on later SE, in the case of students’ SE for medium
difficulty and hard tasks. In terms of previous reciprocal effects studies, our findings differ
from those by Schober et al. (2018) and Grigg et al. (2018) while they are consistent with
the findings from the meta-analysis by Talsma et al. (2018) for school-aged children, as
well as the findings by Du et al. (2021) and Bernacki et al. (2015). Furthermore, previous
studies that provided support for reciprocal effects between SE and performance in the
case of adults (Du et al., 2021; Talsma et al., 2018) found that the dominant direction of
the effect is from performance to SE, which is consistent with our study. Differences
between studies in relation to both design and cultural context means that it is hard to
dissociate methodological effects from ‘real’ substantive findings. One potential explana-
tion to the non-significant skill development effects in the studies by Schober et al. (2018)
and Grigg et al. (2018) is the way they measured SE (four-point Likert scales). Previous
studies found the associations between performance and SE were moderated by scale
type, with stronger effects detected in studies using unipolar as compared with Likert-
type scales (Pajares et al., 2001; Talsma et al., 2018). Furthermore, none of the previous
studies included different levels of SE in their investigation of reciprocal effects, which
may have provided a more fine-grained picture.

The role of perceived task difficulty

Overall, our results for RQ4 indicated differential relationships between national tests
and SE for easy, medium difficulty, and hard levels of perceived difficulty. The
associations with test scores each year were significantly stronger for medium difficulty
and hard tasks, as compared with easy tasks, which is in line with previous research on
memory SE (Locke et al., 1984). Furthermore, previous performance on national
mathematics tests predicted students’ SE for medium difficulty and hard, but not
easy, tasks. As we argued, it is likely that students interpret earlier success on easy
tasks as less important in terms of their SE - i.e. these successes may be perceived as
less indicative of future performance capabilities as compared with successes on harder
tasks. Furthermore, it is likely that SE is more important to students’ performance on
harder tasks, i.e. that test behaviours such as perseverance are more crucial for
performance on medium difficulty and hard tasks, as compared with easy tasks. This
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points to the role of ‘overcoming struggle’ in terms of affecting changes in students’ SE,
and the value of engaging students in activities that are challenging and memorable, yet
appropriate for them with effort and support. As such, students’ SE and performance
both may benefit if teachers are able to: (a) ascertain how individual students interpret
task demands in terms of perceived level of difficulty; and (b) provide each student with
opportunities to engage with perceived medium difficulty and hard tasks, as well as
adapted support in order to experience mastery on these.

Limitations

There were several limitations to our study. First, our sample size was limited, and further
cross-national comparisons are necessary for generalisation both within and beyond the
Norwegian context. Second, our study is limited by contextual factors, particularly to
grade 8 and grade 9 students in Norway. Weidinger et al. (2018) found that the effect of
children’s competence beliefs (self-concept) on their mathematics performance increased
over time. Weidinger et al. (2018) argued that developmental factors as well as school
system factors (e.g. normative comparisons) were related to this trend. It is possible there
is a similar trend in the case of students’ mathematics SE, and that the effect of SE on
performance might increase with age. In Norway it would be interesting to investigate
this relationship in the case of, for example, students at the beginning of grade 10, when
students are likely to become increasingly aware of their end-of-year exams. Our findings
are also limited in that we could not control for other factors that may have influenced
students’ SE and test performance such as students’ individual socioeconomic back-
ground. A third limitation of our study is that some of the items, particularly for the easy
tasks, were slightly skewed.

Conclusion

To conclude, in our study we demonstrated the benefits of considering levels of perceived
task difficulty when investigating the relationship between students’ SE and mathematics
performance. Our empirical investigation lends support to the notion that the dominant
direction of effect is from mathematics performance to SE, while it also illustrates
differential effects in the SE - performance relationship according to task difficulty.
Future studies that would include students’ SE for tasks of different perceived levels of
difficulty could further expand our understanding of the relationship between SE and
mathematics performance across different test and learning situations, varying time lags,
and for children of different ages.
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