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Abstract

Self-efficacy is an affective-motivational factor that strongly predicts academic performance. With respect to science
competencies, self-efficacy is related to two subcomponents that are closely associated already in kindergarten: Science
content knowledge (e.g., physics knowledge) and scientific reasoning (e.g., knowing how to conduct a controlled
experiment). To make accurate action predictions, the precise and specific measurement of self-efficacy is needed. With
respect to different subcomponents of science competencies (i.e., science knowledge and scientific reasoning), there is to
date a lack of studies that simultaneously investigate the association between students’ self-efficacy and their performance
in these two subcomponents of science competencies. The complex (cross-)relations between these constructs are
investigated in the present study. The sample comprised N=181 fifth graders (90 girls, 91 boys). Exploratory and
confirmatory factor analyses suggest that the two task-specific self-efficacy scales (scientific reasoning and science
content knowledge) can be distinguished from each other and from general academic self-efficacy. Structural equation
models reveal that task-specific self-efficacy in scientific reasoning is related to performance in scientific reasoning (.52)
and science content knowledge (.32). Conversely, task-specific self-efficacy in science content knowledge correlates with
performance in science content knowledge (.36) and scientific reasoning (.27). As expected, the strongest correlations
between task-specific self-efficacy and performance emerge within the domain, but the significant cross-relations show
the potential for furthering both aspects of performance and self-efficacy of science competencies and a need for a more
detailed (longitudinal) investigation of these complex relations.

Keywords: self-efficacy, science competencies, scientific reasoning, science content knowledge, modelling self- efficacy,
structural equation modeling

1. Introduction

There is substantial interest in educational research in the factors that can explain individual differences between students’
academic performance (Elliott et al., 2019; Lee & Stankov, 2018). In educational developmental research on the influences
of students’ academic performance, motivational-affective factors play an increasingly important role (e.g., Lavrijsen et
al., 2021). The results of a longitudinal study by Boncquet et al. (2020), which surveyed sixth graders in Belgium as they
transitioned to secondary school, showed that motivational constructs explain substantial amounts of variation in
mathematics achievement - even when controlling for intelligence. Among these affective-motivational variables, self-
efficacy is an especially important factor that affects academic performance. A meta-analysis by Richardson et al. (2012)
showed that study-related self-efficacy was the strongest predictor of study achievement among many motivational-
affective variables (r = .59). Positive self-efficacy is however not only associated with academic performance; it is also
related to motivational processes, self-regulation, self-perception and interest (Bandura & Schunk, 1981; Klassen & Usher,
2010; Pajares & Valiante, 1997; Schunk, 1995). Students with positive self-efficacy invest more persistence and effort in
accomplishing challenging tasks (Pajares, 1996). Based on Bandura’s social cognition theory, self-efficacy is classified
as a competence belief (e.g., Bandura, 1997) and are understood as the belief in one’s own ability to cope with a future
situation or task.

According to Bandura (1986), self-efficacy should be viewed multidimensionally and not as a single disposition. Further,
Bandura (1997) recommended that items should be used that measure the expectations and performance as close as
possible to the identical tasks or situation. This recommendation presupposes that the more precisely self-efficacy is
assessed, the more accurate the obtained action predictions will be (Bandura, 1997; Schwarzer & Jerusalem, 2002).
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Consequently, self-efficacy is assumed to differ by domain or even task. That is, a student might have different levels of
self-efficacy in language skills or mathematics or even a specific area of mathematics. Scales measuring self-efficacy
exist for single subjects such as mathematics (Parker et al., 2014; Usher & Pajares, 2009), writing skills (Pajares &
Valiante, 1997), or natural sciences such as biology (Baldwin et al., 1999) or physics (Gurcay & Ferah, 2018).

Domains such as mathematics, biology, and physics, are included in the curriculum as independent school subjects. Less
is known about self-efficacy in more general domains like scientific reasoning (e.g., experimentation), which is a required
topic of teaching in the elementary school curriculum in Germany (Ministerium fiir Kultus, Jugend und Sport, 2016).

Scientific reasoning can be viewed as a comprehensive construct that subsumes different skills, such as experimentation,
understanding the nature of science, or data interpretation (Koerber et al., 2015). Studies show that these different
competencies share a common conceptual core described mainly by an understanding of the relation between hypothesis
and evidence (Kuhn, 2010; Osterhaus et al., 2017; Sodian, 2018). Validated group tests exist to reliably and
comprehensively measure scientific reasoning in elementary school and above (e.g., SPR- I Osterhaus et al., 2020). Skills
in scientific reasoning are also associated with important academic skills such as science content knowledge and further
skills in science, technology, engineering, and mathematics (STEM) subjects (Labudde & Mbller, 2012; Osborne, 2013;
Ramseger, 2009; Schwichow et al.; 2020, Sodian & Koerber, 2007). Numerous studies have reported significant relations
between scientific reasoning skills and science content knowledge in secondary school children (Songer & Linn, 1991;
Stathopoulou & Vosniadou, 2007; Stender et al., 2018), elementary school (Pollmeier et al., 2017) and even at the end of
kindergarten (Koerber & Osterhaus, 2019; 2021). Both constructs (scientific reasoning and science content knowledge)
are also reflected in the conceptualization of scientific literacy in the PISA studies (OECD, 2007, 2016).

Several studies have examined the relation between self-efficacy and the performance in the natural sciences, including
general chemistry (Ferrell et al., 2016; Ramnarain & Ramaila, 2018) and physics (Cavallo et al., 2004). Ardura and Galan
(2019) administered the Motivated Strategies for Learning Questionnaire (MSLQ; Pintrich et al., 1991) to 507 secondary
school students to investigate, among other parameters, the relation between self-efficacy and performance in physics and
chemistry (taught together in Spain in the last five years before entering university). The study found that self-efficacy
and performance were related (» =.31).

Numerous studies have investigated in between scientific reasoning and more-general cognitive skills, such as intelligence,
language skills, or executive functions (Koerber et al., 2015; Mayer et al., 2014; Osterhaus et al., 2017; van der Graaf et
al., 2015). However, general cognitive skills alone cannot explain sufficient amounts of individual differences, leaving
large portions of the variance in the performance of scientific reasoning skills unexplained. Few studies have investigated
self-efficacy in science competencies like understanding science concepts, scientific literacy, or scientific reasoning,
particularly in high school rather than college-age students. For example, a study by Liu et al. (2006) showed that the
self-efficacy of sixth graders in science class significantly correlated with understanding science concepts (r =.28). Jansen
et al. (2015) used a sample from the 2006 PISA survey in Germany to examine performance in scientific literacy and self-
efficacy. Around 5,000 ninth graders were presented with a self-efficacy scale assessing the extent to which they thought
they were confident in solving a task in scientific literacy (e.g., predict how changes in an environment will affect the
survival of certain species). One finding of the study suggests self-efficacy is a significant predictor (f = .55) of
performance in scientific literacy. The results of a study by Nyberg et al. (2022) found significant correlations between
task-specific self-efficacy and scientific reasoning skills in Grades 4 (»=.19) and 8 (r = .29).

The reviewed studies have focused on the influence or relation between self-efficacy and single science competencies.
Studies that simultaneously investigate the association between self-efficacy and students’ performances in several
subcomponents of science competencies, such as scientific reasoning skills and science content knowledge, have not yet
been conducted.

Examining the structure of self-efficacy of different domains is an important step before investigating the relation between
self-efficacy and the two science competencies (scientific reasoning and science content knowledge). Studies exist
examining the structure of different self-efficacy facets (e.g., domain-specific vs. global). Lent et al. (1997) studied
various self-beliefs in university students in the area of mathematics. They used self-efficacy scales that differed in the
degree of domain specificity (specific mathematics content) and globality (broader academic skills). As criterion variables,
overall grades were collected for domain specific performance in the area of mathematics and global outcomes. The
reported factor analytic results revealed different latent dimensions, which supports the hypothesis that different self-
efficacy facets can be separated. Lent et al. (1997) concluded that the different facets of self-efficacy seem to be useful in
predicting domain-specific performance criteria.

Studies that investigate more than one (science) skill and measure task-specific self-efficacy with the same item pool (i.e.,
an item pool that is especially developed to measure the specific skill) seem to be lacking. Moreover, little is known about
the structure and whether two task-specific self-efficacy scales of science competencies (scientific reasoning and science
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content knowledge in the present study) are distinct dimensions. Similarly, few studies address (cross-)relations between
different self-efficacy scales for different skill domains and the associated performance.

The present study assesses task-specific self-efficacy and the respective performance for two science constructs: Scientific
reasoning and the conceptual understanding of science content knowledge. In a first step we (1) assess the reliability of
the task-specific self-efficacy scale for scientific reasoning and science content knowledge. We then test (2) the
multidimensional and context-specific structure of the self-efficacy scale for scientific reasoning and science content
knowledge to examine whether the two task-specific self-efficacy dimensions are separate and distinct from more general
academic self-efficacy. Finally, we analyze (3) (cross-)relations between the different self-efficacy scales and the
performance measures in scientific reasoning and science content knowledge.

We expect that a task-specific scale would be reliable for the two domains, as demonstrated in other studies (e.g., Nyberg
et al., 2022 for scientific reasoning skills and Siefer et al., 2020, for a specific area in mathematics). We expect that a
differentiation of the three self-efficacy dimensions (scientific reasoning, science content knowledge and academic) will
be successful, that is, a three-dimensional model will fit the data better than a one-factor model. This expectation is
motivated by studies showing that a multidimensional structure of self-efficacy in other domains is highly context-
dependent (Bandura, 1997; Miller et al., 1999; Skaalvik & Skaalvik, 2007; Zumbrunn et al., 2020), as well as by studies
that show that self-efficacy dimensions of different specificity can be separated (e.g., Lent, 1997). The analysis of
(cross-)relations between different self-efficacy scales and between the respective performances in different domains are
under-researched. Based on studies that found correlations between skills in scientific reasoning and science content
knowledge (Koerber & Osterhaus, 2019; Pollmeier et al., 2017), as well as findings that suggest close associations
between self-efficacy in a special field and the corresponding performance, we predict significant relations.

We examined these questions in fifth graders because the transition to secondary education is an important stage in the
development of self-efficacy. Elementary school students seem to overestimate their competencies, whereas with
increasing age the self-evaluations are more and more in line with external evaluations (Nicholls, 1979; Stipek & Hofman,
1980; Pajares & Schunk, 2001).

The results of this study will provide important information about the structure and measurement of self-efficacy in
scientific reasoning and science content knowledge and how they relate to each other. Therefore, these results could offer
important implications for intervention, especially with regard to the important promotion of skills in the STEM subjects.

2. Method
2.1 Participants

Actotal of N =181 fifth graders participated in the study (90 girls, 91 boys; Mag.=11.04 years; SD=6 months). The students
were recruited from 10 high and middle schools close to a mid-sized city in southern Germany. Of the 181 children, 32.6%
spoke at least one language other than German at home (the most frequently reported languages were Russian, Kurdish,
and English). Student assent and written consent from caretakers were obtained for all participants.

2.2 Study Materials
2.2.1 Performance Measures

Science content knowledge. Science content knowledge was assessed with a total of five tasks (Baumert et. al., 1999;
Pollmeier et. al., 2017). The reliability of the entire scale was Cronbach’s a = .58. The scale measures science content
knowledge, however, it captures several aspects (e.g., displacement or energy transformation). The reliability remains in
a similar range compared to other studies that use a scale to measure multiple aspects. (e.g., Koerber et al., 2015 for
another domain). The reported reliabilities of > 5 can be interpreted for scales especially with few items (e.g., Nunnally
& Bernstein, 1978).

Three of the tasks (bvrl, bvr4, bvr6) were multiple-select tasks that captured students’ understanding of floating and
sinking, in particular density, displacement, and buoyancy (Table 1). The items were selected from an instrument by
Pollmeier et al. (2017) and Pollmeier et al. (2011). For these tasks, three answer options were presented, and for each
answer option, students indicated whether they accepted or rejected the option. At the end of each task, they specified
which of the three options was the best answer. The tasks were coded dichotomously, that is, 1 point was given for a
correct answer and 0 points for an incorrect answer to each of the three forced-choice items. Two further tasks (Item
numbers: S042404 (glass pitcher, b13) and S042407 (ice blocks, b20) were taken from the released International
Association for the Evaluation of Educational Achievement (2013) items from the Trends in International Mathematics
and Science Study (TIMSS) in 2011. The tasks measured students’ understanding of physical concepts of changes in
matter and energy transformation (Table 1). The two tasks had an open answer format and were coded dichotomously.
For the correct answer 1 point was given and 0 points for an incorrect answer.
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Scientific reasoning. To measure performance in scientific reasoning, the SPR-I(7) was used. The SPR-I(7) contains
seven items from the Science-P Reasoning Inventory (SPR-I; Koerber et al., 2015; Osterhaus et al., 2020) and captures
broad scientific reasoning skills (three items on the nature of science [NOS], three items on experimentation [EXP] and
one item on data interpretation [DAT; Table 1]).Studies indicate that the sub-aspects of scientific reasoning skills share a
common conceptual core (e.g. Koerber et. al, 2015). The SPR-I(7) has been validated and is particularly suitable for
economical use (Osterhaus et al., 2020). The reliability of the here used scale was Cronbach’s oo = .51 and show similar
reliabilities as the study by Osterhaus et al. (2020). The coding process follows the SPR-1. For each task, three answer
options were given (a naive level = 0 points, an intermediate level = 1 point, a scientifically advanced level = 2 points)
and for each answer option, students indicated whether they accept or reject the option. The lowest answer level selected
was taken as the final score on the entire item (see Koerber et al., 2015, and Osterhaus et al., 2020, for further coding
details).

Table 1. Overview of used items

Item Number Skill component Coding

SPR-1(7) (Osterhaus et al., 2020)

A08 EXP (testing hypo. vs. prod. effects) Naive (0), intermediate (1), advanced (2)
Al0 EXP (testing hypo. vs. prod. effects) Naive (0), intermediate (1), advanced (2)
A02 EXP (CVS) Naive (0), intermediate (1), advanced (2)
A06 DAT (confounded data) Naive (0), intermediate (1), advanced (2)
A05 NOS (NOS concepts) Naive (0), intermediate (1), advanced (2)
A03 NOS (framework theories) Naive (0), intermediate (1), advanced (2)
All NOS (NOS concepts) Naive (0), intermediate (1), advanced (2)
SCK (Pollmeier et al., 2017)

Bvrl Density, displacement, and buoyancy Best answer incorrect (0), correct (1)
Bvr4 Density, displacement, and buoyancy Best answer incorrect (0), correct (1)
Bvré Density, displacement, and buoyancy Best answer incorrect (0), correct (1)

TIMSS (Baumert et al., 1999)
B13
B20

Evaporation
Evaporation

Incorrect answer (0), correct answer (1)
Incorrect answer (0), correct answer (1)

SPR-I = Science-P Reasoning Inventory, EXP = Experimentation, hypo. = hypotheses, prod.= producing, CVS = Control
of Variable Strategy, DAT = Data interpretation, NOS = Nature of Science, SCK= Science content knowledge

2.2.2 Self-efficacy Scales

Academic self-efficacy. Academic self-efficacy was measured using five items (Item no. 1, 2, 4, 6, 7) of the scale
(WIRKSCHUL) by Jerusalem and Satow (1999), for example, “I can solve even the difficult tasks in class if I exert
myself (own translation)”. The items were assessed using a 4-point Likert scale ranging from “strongly disagree” (0) to
“strongly agree” (3). The scale was applied in German.

Task-specific self-efficacy. Task-specific self-efficacy was measured with three 4-point Likert scaled items, presented
before each of the five science content knowledge and the seven scientific reasoning tasks. Before each task on scientific
reasoning and science content knowledge, the task-specific self-efficacy was measured with the following three items: 1)
“I know how to deal with the task™ 2) “I am very familiar with such tasks and know how to solve it” 3) “I would need
help to solve the task.” The Likert scale ranged from “strongly disagree” (0) to “strongly agree” (3). For the factor analytic
calculations and structural equation models, the three items per task were combined into one item value, resulting in five
task-specific self-efficacy values for science content knowledge and seven for scientific reasoning.

2.3 Study Procedure

The testing took place in the participating schools as a whole-class testing procedure. The booklet consisted of illustrated
paper-pencil items. Students worked individually in their booklet. To avoid confounding effects of reading ability, the
items were presented by a PowerPoint presentation and read aloud by an experimenter. Test assistants supported the
students with the procedure and ensured that students worked in their own booklet. Before each performance task
(scientific reasoning and science content knowledge) students completed the task-specific self-efficacy items. The
instruction was to look at the performance task for 25 seconds but to not try to solve the task. After, they filled in the task-
specific self-efficacy, they solved the respective performance task. The testing took about 60-70 min.

3. Results
3.1 Core Performance and Reliability of the Task-specific Self-efficacy Scales

Figure 1 shows the mean percent of performance in scientific reasoning and science content knowledge and task-specific
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self-efficacy in scientific reasoning and science content knowledge plus the academic self-efficacy transformed to a
percentage scale. The percentages represent the mean points achieved on the respective scale.

Performance measures. In the scientific reasoning tasks, the fifth graders scored on average 6.75 (SD = 2.58) out of 14
points (48.2%) compared to an average of 2.30 (SD = 1.39) points out of a potential 5 points (46.1%) for the performance
in science content knowledge.

Self-efficacy scales. The mean score achieved in task-specific self-efficacy in scientific reasoning was 37.37 (SD = 9.04)
out of 63 points (59.3%). The internal consistency was high (Cronbach’s o = .85). The corrected item-total correlations
(riy = .48-.61) were high for most of the items. The item characteristics hence indicate good reliability of the scale (Bortz
& Déring, 2006; Moosbrugger & Kleava, 2012). For task-specific self-efficacy of science content knowledge, the mean
score was 30.59 (SD = 8.60) out of 45 points (67.98%). The internal consistency was high (Cronbach’s a = .90) and so
were the corrected item-total correlations (ri;=.52-.70) which show a good reliability of the scale (Bortz & Déring, 2006;
Moosbrugger & Kleava, 2012). In academic self-efficacy, the students stated an average of 11.16 (SD =2.27) of 15 points
(74.4%), with Cronbach’s a = .60.

100

80

60

i

Mean in %
H

40

20

SR SCK SR SCK Acad
SE SE SE
Figure 1. Core performance in the performances and self-efficacy scales, SR= scientific reasoning, SCK= science
content knowledge, SE= self-efficacy, Acad= academic

3.2 Analysis of the Self-efficacy Scales
3.2.1 Exploratory Factor Analysis

To test whether the three self-efficacy scales (task-specific self-efficacy in scientific reasoning, task-specific self-efficacy
in science content knowledge and academic self-efficacy) are conceptually separate self-efficacy scales, an exploratory
factor analysis (EFA) was conducted using principal component analysis and varimax rotation. Eigenvalues greater than
1 were included. The results indicated that 13 of the 17 items could be discriminately assigned to the three factors scientific
reasoning, science content knowledge, and academic self-efficacy. All factor loadings of the 13 items were between .51
and .89. The remaining four items could not clearly be assigned to any of the three factors, but rather formed two additional
factors with two variables each, which were difficult to interpret both statistically (cross-loadings, only two items on one
factor) and in terms of content. Therefore, these four items were eliminated for the subsequent analysis.
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Table 2. Factor loading of the items of the three self-efficacy scales

Factor
SE Item SR SCK Acad
All 0.799
A03 0.777
A06 0.775
A08 0.522
A05 0.518
A10 0.509
Bvr4 0.889
Bvrl 0.816
Bvré 0.750
B13 0.545
Acad 1 0.720
Acad 6 0.677
Acad 4 0.573

SE= self-efficacy, SR= scientific reasoning, SCK= science content knowledge, Acad= academic
3.2.2 Confirmatory Factor Analysis

To confirm the three-dimensional structure of the self-efficacy scales, a confirmatory factor analysis (CFA) with the
remaining 13 items was performed. For the analysis, the lavaan package within the statistical software R was applied
(Rosseel, 2012). The lavaan package is fully open-source and enables latent variable modeling, including confirmatory
factor analysis and structural equation modeling.

The three-dimensional (task-specific self-efficacy in scientific reasoning, science content knowledge, and academic self-
efficacy) model fitted the data well (comparative fit index [CFI] = .95, Tucker-Lewis index [TLI] = .93, and root-mean-
square error of approximation [RMSEA] =.06 [.03-.08], Model 1 in Table 3). Factor loadings were high, for all items > .5
and many even higher (Table 2).

To test whether the 3-factor structure of the measured self-efficacy scales reflected our data better than other models,
different models were compared. To test the multidimensionality of the measured self-efficacy scales, all items were
loaded on a single factor in Model 2. Model 3 tested a two-factor structure, in which the task-specific scientific reasoning
and science content knowledge scales were merged as one factor and academic self-efficacy as a separate factor. The
results of the CFA revealed poor fit of the data for Model 2 and 3 (Table 3).

Model 3a and b examined whether task-specific self-efficacy in scientific reasoning and science content knowledge can
be differentiated from each other when the academic self-efficacy scale is excluded from the model. Model 3a tested
therefore a two-factor structure with task-specific self-efficacy in scientific reasoning and science content knowledge and
3b tested a one-factor structure with self-efficacy in scientific reasoning and science content knowledge as one factor.
Model 3a showed acceptable fit indices to the model, whereas model 3b showed poor fit (Table 3).

The results of the CFA indicate the three-factor model with task-specific self-efficacy in scientific reasoning and science
content knowledge and academic self-efficacy (Model 1) to have the best model fit. This result suggests, as hypothesized
earlier, that self-efficacy is multidimensional and context specific.
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Table 3. Fit-statistics of the different CFA models

Comparison

Model w2 df TLI CFl  RMSEA SRMR Ay Adf P

Model 1 92.01 62 .93 .95 0.063 .0067
3-Factors
(SR, SCK and acad)
Model 2 184.82 65 73 .78 0.123 .081 92,81 3 .001
1-Factor
(SR, SCK and acad)
Model 3 171.10 64 .76 .80 0.118 .079 79.09! 2 .001
2-Factors
(SR/SCK and acad)
Model 3a 66.24 56 91 .94 0.089 .069
2-Factors
(SR and SCK)
Model 3b 147.81 58 .70 17 0.163 .090 81,572 2 .001
1-Factor
(SR/SCK)
SR = scientific reasoning, SCK = science content knowledge, acad = academic, SC/SCK = SR and SCK merged as one
factor. !Comparison Model 1. 2Comparison Model 3a

3.2.3 Relations Between Performance Measures and Self-efficacy Scales

To analyze the relations between the three self-efficacy scales (scientific reasoning, science content knowledge and
academic) and the performances, structural equation models (SEM) were computed using the lavaan package for R
(Rosseel, 2012). Various theoretical models were tested to investigate the (cross-)relations between the specific (scientific
reasoning and science content knowledge) and more general measures of self-efficacy (academic) scales and the
respective performance. In the analyses, self-efficacy scales were included as latent variables and the two performance
measures as manifest variables (Figure 2).

Model 2 (Table 4) included the two task-specific self-efficacy scales and the two performance measures, but not academic
self-efficacy. This model showed an excellent and thus best fit of the data to one of the postulated models (CFI= .95, TLI
= .93, and RMSEA=.067 [.03-.11]; Hu & Bentler, 1999; Kline, 2015).

In Model 2, the strongest association emerged between task-specific self-efficacy in scientific reasoning and the
performance in scientific reasoning (.52). The scientific reasoning performance was also related to students’ science
content knowledge (.24) and their task-specific self-efficacy in science content knowledge (.32). Performance in science
content knowledge was less related to task-specific self-efficacy for science content knowledge (.36) than the relation
between task-specific self-efficacy for scientific reasoning and the particular performance. Performance in science content
knowledge was also related to task-specific self-efficacy in scientific reasoning (.27). Additionally, the two task-specific
self-efficacy scales were most strongly related (.56).

Model 1, which additionally included the academic self-efficacy scale, showed poorer fit indices (CFI= .92, TLI = .90,
and RMSEA= .075) than Model 2. The paths between the variables revealed that academic self-efficacy was related to
task-specific self-efficacy in scientific reasoning (.45) and science content knowledge (.64). Academic self-efficacy was
not significantly related to the performance in scientific reasoning (.08) or science content knowledge (.06).

Models 2a-c analyzed relations between the variables by setting certain paths to 0. In Model 2a, the direct paths between
task-specific self-efficacy and performance in science content knowledge and scientific reasoning (but not the cross-
relations) were set to 0. The models indicated poorer fit of the data (CFI= .91, TLI = .89, and RMSEA= .082 [.04-.12]),
than Model 2. In Model 2b and 2c, the cross-relations between task-specific self-efficacy and performance in scientific
reasoning and science content knowledge were constrained to be 0. That is, in Model 2b, the path from task-specific self-
efficacy in science content knowledge to performance in scientific reasoning was set to 0; in Model 2c, the path from
task-specific self-efficacy of scientific reasoning to performance in science content knowledge was determined to be 0.
Both models (2b and c) revealed a poorer model fit than Model 2 (Table 4), thus confirming the cross-relations between
task-specific self-efficacy in scientific reasoning, science content knowledge and the respective performance (Figure 2).
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Table 4. Fit statistics of the different SEM models
Model x2 df CFI TLI RMSEA SRMR

Model 1 113.91 82 .92 .90 .068 .075
(SE in SR, SCK and acad +

performance in SR and

SCK)

Model 2 70.28 66 .95 .93 .067 .073
(SE in SR and SCK +

performance in SR and

SCK)

Model 2a 82.25 52 91 .89 .082 125
(SE in SR to SR; SE in

SCK to SCK)

Model 2b 75.64 51 93 91 075 .096
(SE in SR to SR and SCK;
SE in SCK to SCK)

Model 2¢ 78,13 51 93 .90 077 .081
(SE in SCK to SCK and
SR; SE in SR to SR)

SE = self-efficacy, SR = scientific reasoning, SCK = science content knowledge, acad = academic

|A06| [A05| [A11]| [A03| | Al0| [Ao08| [Bvr6 | [Bvrl| [Bwra| [Bvr1g
0.60 0.64 0.81 0.79 0.60 0.55 077 0.8 0.87 0.52
SRSE )« 0.56+** »( SCK SE
0.32** 0.27%*%
0.52%** 0.36%**
SR ¢ 0.24%%* » SCK

Figure 2. SEM Model with task-specific self-efficacy scales and performance measures, SR = scientific reasoning
(performance), SCK = science content knowledge (performance), SE = self-efficacy, **p< .01, ***p<.001

4. Discussion

The main aims of the study were (1) to measure self-efficacy reliably and as precisely as possible (here task-specific) with
the same item pool for different science competencies (scientific reasoning and science content knowledge) (2) to test the
multidimensionality, context-specific structure of self-efficacy for the two constructs, scientific reasoning and scientific
content knowledge, and to test whether the two task-specific dimensions can be differentiated from general academic self-
efficacy, and finally, (3) to analyze (cross-)relations between the different self-efficacy scales and the performances in
scientific reasoning and science content knowledge.

Overall, the findings show significant relations between task-specific self-efficacy in scientific reasoning and performance
in scientific reasoning as well as between task-specific self-efficacy in science content knowledge and performance in
science content knowledge. Also, our results reveal further cross-relations between the different constructs, suggesting
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significant associations between all constructs investigated. In general, our results thus suggest a close association of the
two concepts (scientific reasoning and science content knowledge); nonetheless, the task-specific self-efficacy scales
emerged as independent dimensions for the two constructs, suggesting that a separate assessment of these subcomponents
of general science self-efficacy is indicated.

4.1 Core Performance and Reliability of the Task-specific Self-efficacy Scales

A review of the literature revealed a research gap concerning studies measured self-efficacy for different skill domains
with the same item pool with the purpose of comparing the domains and their relation to performance. Furthermore,
studies suggest to measure self-efficacy as specifically and precisely as possible to generate better action predictions
(Bandura, 1997; Schwarzer & Jerusalem, 2002). For this purpose, the present study measured task-specific self-efficacy
for the two skill domains of scientific reasoning and science content knowledge.

The item characteristics (internal consistency and corrected item-total correlations) of the reliability analysis indicate that
the items can be reliably used to measure self-efficacy in scientific reasoning and science content knowledge in a task-
specific manner.

Looking at core performance, the students notably rated themselves as self-efficacious in all three scales and no ceiling
effects occurred. The students reported the highest scores for academic self-efficacy, followed by self-efficacy in science
content knowledge, and the lowest scores were reported for self-efficacy in scientific reasoning. These findings are
consistent with the idea that mastery experiences are one of the most important sources for shaping and developing self-
efficacy (Usher & Pajares, 2009; Nagengast et al., 2011). Students in the fifth grade had the opportunity to benefit from
mastery experiences in the academic setting for many years, especially related to general academic skills in language or
mathematics. Students also have more frequent opportunities to benefit from mastery experiences in the area of science
content knowledge relative to scientific reasoning skills, which is because scientific reasoning skills are not so dominant
in the curriculum. With the 2016 curriculum, science education explicitly requires that students in Grades 3 and 4 know
specific experiments and have basic skills of experimentation. However, opportunities to explicitly work on such
problems and receive informative feedback on it are less frequent than for general academic skills or science content
knowledge.

The SPR-I(7) still sufficiently differentiates performance in fifth grade. In line with previous studies (e.g., Bullock et al.,
2009), scientific reasoning skills appear to continue to develop from elementary to secondary school and may not even
be fully developed by the end of secondary school (Bullock et al., 2009). This continued development again underscores
the importance of studying the factors that relate to the development and learning of scientific reasoning skills. Given the
high potential for development in scientific reasoning skills during the school years, especially in the context of the
important STEM subjects, self-efficacy may be a valuable factor that can be used to develop interventions.

4.2 Multidimensionality and Context-specific Structure of the Different Self-efficacy Scales

Both the EFA and CFA results suggest a conceptual separation of task-specific self-efficacies (scientific reasoning and
science content knowledge) and general academic self-efficacy. The model that included all three self-efficacy scales as
separate factors in the CFA showed the best model fits relative to the poor fit indices of the comparison models. In the
comparison models, for example, self-efficacy in scientific reasoning and science content knowledge were combined into
one factor. The analysis demonstrated that the task-specific self-efficacy in scientific reasoning should be distinguished
from task-specific self-efficacy in science content knowledge as well as from general academic self-efficacy. This
separation of self-efficacy facets with different specificity is backed up by research. For example, Lent et al. (1997) argued
for a separation of different facets of self-efficacy (specific mathematics content and broader academic skills). The
multidimensionality of self-efficacy is also found in other studies (Skaalvik &Skaalvik, 2007). The results are consistent
with Bandura’s (1977; 1986) work, which suggests that self-efficacy should be viewed multidimensionally rather than as
a single disposition.

The specific measurement and differentiation from an all-purpose measurement of self-efficacy can be useful for the
further development and fostering of important science competencies. The successful mastery of STEM subjects requires
both scientific reasoning skills and knowledge of science content. Thus, fostering the various task-specific skills is of high
relevance. Promoting specificity could target the specific self-efficacy of the two skill domains. This task-specific focus
of self-efficacy is also backed up by studies showing that skills related to scientific reasoning (e.g., understanding science
concepts or scientific literacy) correlate positively with self-efficacy (Liu, 2006), and self-efficacy appears to be a
significant predictor of performance in scientific literacy (Jansen, 2015). This relation or influence is meaningful because
self-efficacy is a construct that can be improved through training (Margolis & McCabe, 2006). In the context of school,
teachers’ knowledge of the different forms of self-efficacy is crucial, and they should be aware that these different forms
can be addressed to improve student skills.
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4.3 Relations Between Different Self-efficacy Scales and Performances’

In self-efficacy research, studies have captured and analyzed self-efficacy scales for single school subjects or skill areas
(e.g., mathematics or physical education). Little is known about studies that have investigated self-efficacy for more than
one school subject or skill area with cross-relations. These cross-relations seem particularly meaningful for skill domains
that are correlated and relevant to higher-order skills such as STEM subjects (in our study). Our results of the SEMs
indicate the importance of the cross-relations between the self-efficacy scales and with performance in particular. The
model that included the two specific self-efficacy scales (scientific reasoning and science content knowledge without
academic self-efficacy) and the performances demonstrated the best model fit, revealing positive relations between the
task-specific self-efficacy scales and the respective performances. Furthermore, a weaker relation between task-specific
self-efficacy and the other performance was shown, that is, task-specific self-efficacy in scientific reasoning is related to
performance in science content knowledge and task-specific self-efficacy in science content knowledge is related to
performance in scientific reasoning. The SEM model in which academic self-efficacy was added showed poorer model
fit and no significant relations to performance in scientific reasoning or science content knowledge. The models that
excluded the cross-relations between the performances also showed poorer model fit. These results from the SEMs support
that (1) a precise and specific measurement of self-efficacy shows the highest correlation to the respective performance
and that (2) cross-relations between specific self-efficacy and performance are relevant and should be analyzed.

4.4 Limitations and Future Directions

The present study gives a general overview of the cross-sectional structure and relations between scientific reasoning,
science content knowledge, and self-efficacy. However, only longitudinal studies can provide information about the
development of the relation and whether the specific measurement of self-efficacy is still suitable in later school years,
especially with regard to cross-relations. In general, the results related to the performance measures should be interpreted
carefully, as the scales do not show very high reliability. Nevertheless, significant relations emerged between the
constructs. This suggests that, if at all, our study may have underestimated the strength of the associations between the
constructs investigated, and that stronger associations may when scales with higher internal consistency are used.
Analyzing the extent that more experience in the specific skills influences the relation among the three constructs would
be fruitful, as well as the influence on different skills of science competencies. Further research should also consider the
distribution of the correlation between skills in science competencies and self-efficacy, given that studies (Nyberg et al.,
2022; Siefer et al., 2020) have shown that the relation between task-specific self-efficacy and performance is not
homogeneously distributed, that is, an increase in self-efficacy is not necessarily associated with higher performance.
Nyberg et al. (2022) reported that the correlation between task-specific self-efficacy and performance in scientific
reasoning was not equally distributed within the sample and across different age groups. Groups of students who
(substantially) over- or underestimate themselves emerge. These results imply that not all students would benefit equally
from self-efficacy training. Studies that analyze this correlation within a sample in a differentiated way would help to
advance the research in this area. This research could inform educators about possible interventions with regard to the
important STEM subjects.

4.5 Implications

Based on these findings, theoretical and practical implications can be drawn. From a theoretical perspective, it can be
inferred that (1) as one of the first studies that distinguishes self-efficacy in science competencies at different levels using
SEM analyses, general academic self-efficacy is not significantly related to performance in scientific reasoning and
science content knowledge at the beginning of secondary school. This is a noteworthy finding given that other studies
have often sampled older secondary school students or college students (2) Task-specific self-efficacy is most strongly
related to the corresponding performance (scientific reasoning or science content knowledge) but also to the respective
other performance. Nevertheless, the two task-specific self-efficacy scales form their own dimensions and underscore the
differentiation of the two constructs. The practical implications relate mainly to teachers: (1) To implement influencing
target promotion interventions for teachers, educators should know about the specificity of self-efficacy in science
competencies, (2) know that specific self-efficacy has a relation to specific skills like scientific reasoning and can be
fostered, and (3) be aware that specific self-efficacy have cross-relations to other skills, possibly mainly to skills that are
correlated with each other (here scientific reasoning and science content knowledge) and thus promoting specificity can
indirectly influence different skills.
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