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Rubrics have the potential to support student learning through transparency of
learning outcomes and formative feedback. However, their value in improving
mathematics self-efficacy is contradictory and is significantly biased towards
higher education students. Therefore, this study investigated the impacts of
using rubrics for formative assessment on mathematics self-efficacy of
secondary students when learning quadratic equations in one rural district,
Zambia. Using a quasi-experimental design, six grade eleven classes (n=149)
from three secondary schools were selected at random, along with their teachers.
Students from three classes were randomly assigned to experimental groups (n
= 78) and used rubrics to obtain formative feedback that encouraged self-
assessments for six weeks in the second term of 2024. The other three
comparison groups (n = 71) implemented the same formative assessment
practices without rubrics. The teachers used the formative feedback to
differentiate effective teaching and learning approaches and to revise ineffective
ones to promote students’ learning. Self-efficacy questionnaires were used to
collect the data from students, and mixed model ANOVA with repeated
measures was performed using SPSS v.25. The results showed that secondary
students who used rubrics for formative assessment significantly improved their
self-efficacy in quadratic equations over time more than those who did not use
rubrics, F(1,147) = 18.24, p < .05. Therefore, by providing transparent
learning outcomes, timely feedback on strengths and weaknesses and supporting
self-assessment, using rubrics as assessment tools is especially beneficial for
improving secondary students' self-efficacy in mathematics. Effective training
of students in formative rubrics remains equally crucial.

1. Introduction

Mathematics self-efficacy is a self-belief system derived from a person’s confidence of his/her own ability to carry
out mathematics actions required to achieve specific types of performances (Bandura, 1997). Self-efficacy is widely
viewed as an influential predictor of student learning behaviors in mathematics (Mues et al., 2025; Smit et al., 2023),
and plays a crucial role in the learning process (Blondeel et al., 2024). Students levels of mathematics self-efficacy
determine how they cope with mathematics tasks and how much efforts they put in to pursue academic activities
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(Schimmelpfennig, 2025). Literature extensively agrees on the positive relationship between formative assessment
practices and students’ self-efficacy (Pancorbo et al., 2021), where students are told what is expected, areas of
strengths and improvements, as well as how the students should go about moving forward on their own (Blondeel et
al., 2024, Karaman, 2021; Yan & King, 2023). On the other hand, lower levels of mathematics self-efficacy have
unfavorable far-reaching consequences on mathematics learning such as inability to complete assignments
(Schimmelpfennig, 2025), and high levels of performance-avoidance self-regulations (Blondeel et al., 2024; Myyry
et al., 2022; Panadero et al., 2023; Panadero & Jonsson, 2013). Having said that, the challenge the teachers face in
mathematics is to improve students’ self-efficacy for a sustainable learning (Smit et al., 2023). A need for this study
was identified, by transforming principles of formative assessments (Ministry of Education, 2013a), into assessment
guidelines to support secondary teacher’s pedagogical practices through clear learning outcomes and formative
feedback that promote self-assessment by means of rubric criteria.

As defined by Brookhart (2018), rubrics are assessment tools that list what students should include in their work to
achieve specific levels of performance from excellent to poor. The use of rubrics by the students in higher education
has shown to contribute to improved mathematics learning outcomes (Fitriyani & Evendi, 2024; Hattori et al., 2025;
Tashtoush et al., 2023), and motivation to learn among the students (Fraile et al., 2023; Panadero et al., 2023). For
example, higher education mathematics students who used rubrics as a guide when completing assignments achieved
higher performance, higher self-efficacy, and greater accuracy compared to students who did not use rubrics (Auxtero
& Callaman, 2021; Fraile et al., 2023; Ling, 2024; Richiteanu-Nastase & Mihaila, 2023; Shirawia et al., 2024; Smit
et al., 2023; Suryanti & Nurhuda, 2021). According to these studies, the use of rubrics provided students with clear
guidelines for reflections, supported a common understanding of learning outcomes between the teachers and the
students, and a fair and transparent assessment. Similarly, secondary mathematics students who used rubrics to obtain
timely feedback and guiding self-assessment significantly performed better than students who did not use rubrics
(Gallego-Arrufat & Dandis, 2014; Mwamba et al., 2025)

Rubrics may be holistic which evaluates student’s work as a whole or analytic which evaluates student’s work by
breaking it down into separate criteria (Morton et al., 2021). Previous studies report that rubrics have the potential
to improve mathematics learning outcomes particularly when they are analytic, and on the other hand, have limited
impacts when they are holistic (Ling, 2024; Panadero & Jonsson, 2013). For example, Tashtoush et al. (2023)
investigated the impact of using scoring rubrics on assessing the performance of students enrolled in a Calculus
course. The results showed that students whose performance in Calculus was assessed using analytic rubrics was
higher than students who were assessed using holistic rubric. In this study thereof, the term formative rubrics is used
to imply the existence of an analytic scoring scale based on the SOLO (structure of observed learning outcomes)
taxonomy. The SOLO taxonomy was developed by Biggs and Collis to describe the quality of learning through five
levels of understanding from pre-structural level to extended abstract level (Adeniji et al., 2022). The prototypical
levels of the SOLO taxonomy are described as follows:

Pre-structural level: The task is inappropriately attempted. The student requires help.

Uni-structural level: One aspect of the task is achieved, and the student’s understanding as a whole is not fully
realized.

Multi-structural level: Several aspects of the task are achieved, but their relationships as a whole are disconnected
and limited.

Relational level: Several aspects of the task are integrated and are attributed to a deeper understanding as a whole.

Extended Abstract level; A new understanding at the previous relational level is rethought at another conceptual
level and in a new way, and is the basis for prediction, generalization, reflection, or creation of a new understanding.

While other frameworks such as Bloom’s cognitive taxonomy (Anderson & Krathwohl, 2001) focuses largely on the
cognitive processes such as applying and analyzing, the SOLO taxonomy focuses on the structure of the student's
response, showing the quality and complexity of understanding and how well the students applied or analyzed
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mathematical concepts (Adeniji et al., 2022; Claudia et al., 2020). Using the SOLO taxonomy in mathematics
teaching and learning matters because it clearly shows if a student is just listing facts (uni-structural) or connecting
concepts (relational), to highlighting why the students struggle, not just if they struggle (Mwamba et al., 2025; Weeda
et al., 2020). By providing clear success criteria say from pre-structural level to extended abstract level, the SOLO
taxonomy supports teachers in creating specific activities for each level, ensuring mathematics tasks challenge
students at their current cognitive stage from simple formula application (multi-structural) to abstract thinking
(Mukuka et al., 2020a; Valenzuela-Gonzalez et al., 2021). Thus, pushing students beyond surface-level knowledge
(remembering facts) towards higher-order skills like creativity, critical thinking, and applying mathematics concept
in new contexts (extended abstract) (Ghunaimat & Alawneh, 2024; Mukuka et al., 2021; Parameswari et al., 2023).
By understanding a student's SOLO level, Mukuka et al., (2020a) reported that secondary school teachers can decide
the best remedial work in responding to student’s mathematical learning difficulties or the next challenging problem,
leading to effective pedagogical changes.

Rubrics can be used for formative or summative purposes (Panadero & Jonsson, 2013). Summative rubrics are usually
used to evaluate students’ performance at the end of the learning process (Ling, 2024), whereas formative rubrics are
used primarily to assess students’ learning during the learning process, to provide feedback, and to monitor learning
to improve performance (Ling, 2024; Panadero et al., 2024). The formative feedback inform students on the mastery
of their mathematical concepts (Blondeel et al., 2024), help students to identify their strengths and weaknesses,
encourage students to improve their mathematical knowledge, promote deep learning, and motivate them to study
more (Auxtero & Callaman, 2021). With the overall benefits of good design and classroom discussions with students,
formative rubrics are associated with an increase in students’ mathematics self-efficacy through transparency of
learning outcomes (Karaman, 2021; Myyry et al., 2022; Panadero & Jonsson, 2013), enabling students to understand
the requirements of the task and improve the performance on their own through self-assessment and formative
feedback (Fraile et al., 2023; Liu et al., 2016; Rakoczy et al., 2019).

1.1 The current study

Extensive research reports that rubrics have the potential to support mathematics learning outcomes through
transparency of learning outcomes, improving the use of formative feedback on strengths and weaknesses, and
encouraging students to assess their own work (Auxtero & Callaman, 2021; Blondeel et al., 2024; Fitriyani & Evendi,
2024; Malespina & Singh, 2022; Myyry et al., 2022; Tashtoush et al., 2023; Toalongo et al., 2022). However, their
value in improving students’ self-efficacy is contradictory and significantly biased towards students in higher
education (Brookhart & Chen, 2015; Panadero et al., 2023; Panadero & Jonsson, 2013; Reddy & Andrade, 2010).
The contradictory findings are also reported with regard to whether or not rubrics were shared with students (Ling,
2024). Although students agree that rubrics help them to focus their efforts, produce quality work, earn better grades,
and feel less anxious (Andrade et al., 2009), Panadero and Jonsson (2013) noticed that some secondary school
students exhibited more actions which were detrimental to mathematics learning and higher stress levels than higher
education students after using rubrics. Other students also perceived rubrics as tools for satisfying the teacher’s
demands rather than as representations of the criteria to be achieved (Estaji, 2012; Reddy & Andrade, 2010). These
contradicting perspectives provide opportunities to design better studies and ultimately strengthening rubric’s
potential to support student learning. Therefore, this study investigated how the use of formative rubrics, which
include transparent learning outcome, detailed feedback, and supporting student self-assessment impacts secondary
school students' mathematics self-efficacy regarding their ability to learn quadratic equations. One research question
was formulated to guide the investigation; What are the impacts of rubrics on secondary school students’ self-efficacy
about themselves as learners of quadratic equations?

1.2 Development and validation of rubrics to assess quadratic equations learning outcomes
Quadratic equations form fundamental topics in the Zambian education, where students are expected to acquire
mathematical reasoning skills and graphical fluency in order to approximate solutions using graphs (Ministry of
Education, 2013a, 2024). However, previous studies report that secondary students face challenges such as not being
able to correctly use and apply the formula (Examinations Council of Zambia, 2022, 2023), had little understanding of
the zero-product law (Mukuka et al., 2020b), and completing the squares method (Lopez et al., 2015). Graphs of
guadratic equations were characterized by no clear labelling of the axes, wrong scales, curves not being smooth and
mathematically incorrect (Examinations Council of Zambia, 2023). These challenges in quadratic equations are
ascribed to the way teachers taught and assessed student’s work, which was mostly based on the use of closed-ended
assessment tests and quizzes (Guat Poh et al., 2015; Ministry of Education, 2013a; Mukuka et al., 2020b). Nevertheless,
prior research suggests that the use of rubrics can improve the way teachers teach and assess students' learning outcomes
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in mathematics (Hattori et al., 2025; Tashtoush et al., 2023). Therefore, the authors analyzed learning outcomes
associated with quadratic equations in the Zambian secondary schools namely, solution by graph, factorization,
completing squares and quadratic formula methods (Ministry of Education, 2013b, 2024), and developed four questions
for assessing students’ understanding of quadratic equations with respect to each of the criteria. With those questions,
a rubric as well as a scoring strategy based on the SOLO taxonomy (Mukuka et al., 2020a), was developed (see Table
1A in Appendix 1). The guidelines advanced in previous literature (Brookhart, 2024; Ling, 2024; Morton et al., 2021)
for designing effective classroom rubrics such as defining desired learning outcomes and assessment criteria,
determining levels of performance and deciding on the scoring scale were adopted.

The rubric was assessed for content and criterion validity (Mohajan, 2017). Five subject matter experts independently
examined the content validity and item validity evidence of both the rubric and test items respectively (Bhatnagar et
al., 2021; Brookhart & Chen, 2015). The experts also examined the clarity of behavioral descriptors at each level of
the rubric to ensure they provided enough evidence to assess different levels of performance of quadratic equations
from pre-structural level to extended abstract level, called criterion validity evidence (Brookhart & Chen, 2015).
Experts' differing opinions were debated until a consensus was established. Additionally, wording was changed to
incorporate observable skills and desired competences into the rubric.

Thereafter, ten students completed the quadratic equations pilot test and their answer scripts and a rubric were
photocopied and shared among the four experts. Each student’s response to test items was analyzed by experts
independently using the rubric and the inter-rater agreement was determined by computing the Fleiss’ kappa statistic
using Statistical Packages for the Social Sciences (SPSS) version 25. Fleiss’ kappa coefficients have been widely
used to evaluate inter-rater reliability for multiple raters (Hattori et al., 2025). The Fleiss kappa showed that there
was a significant agreement among the raters with kappa values k =0.831, p < 0.5, suggesting that the raters used
the rubric to grade student’s responses to quadratic tasks consistently (Brookhart & Chen, 2015).

2. Methods

2.1 Research design and sampling procedures

This study employed a quasi-experiment, non-equivalent comparison group design (Ishtiag, 2019). This design was
more suitable to investigate the impact of rubrics in real-time classroom contexts, where randomization may not be
possible (Mukuka et al., 2021). Mafinga district was conveniently selected because it was cost effective and
convenient to the researchers compared to other sampling techniques (Chittaranjan, 2021). Then, multiple-stage
sampling procedures were followed to select schools and students (Creswell, 2009). Using simple random procedures
(Singh & Masuku, 2011), three secondary schools were randomly selected from nine schools. Then, two intact grade
11 classes from each school were randomly selected and were allocated into experimental or comparison groups at
random. Eventually, three classes and their teachers formed experimental groups (n =78, 40 males and 38 females)
and the other three classes formed comparison groups (n =71, 38 males and 33 females).

2.2 Experimental procedure

The use of rubrics was integrated into three assessment practices; think-pair-share, group activities, and individual
activities. In each lesson, the teachers introduced quadratic concepts through think-pair-share activities that
encouraged students to discuss, share ideas, and learn from each other in order to improve understanding of quadratic
equations. Thereafter, the students in small groups worked on the same task for 15-25 minutes, discussing the
strengths and weaknesses of their own work. Upon completion, the teachers asked pairs of groups to exchange
solutions and assessed the other group’s work without assigning scores (peer assessment). This group assessment
took an extra 10—15 minutes and enabled students to provide oral feedback on the other group’s work, debating on
the strengths and areas to improve (peer feedback). Following that, the teachers provided feedback to each group on
the needy areas with nuanced information on how to improve in future assignments (teacher feedback). Here, the
teachers from experimental groups used rubrics as a basis for communicating their objective feedback to students.

Finally, students completed the same classwork individually. Upon submission, the teachers checked the correctness
of the completed work and provided feedback to students on areas that needed improvement. The teachers also used
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feedback from the analysis of students’ work and from face-to-face conversations to align instructions with
assessment activities and the desired learning outcomes to improve student learning. While completing the tasks, the
students from experimental groups used rubrics to score their own work from pre-structural level (0) to extended
abstract label (4) and recorded the score at the end of each task. The self-score was used exclusively to guide studying,
revisions, and monitoring the learning progress. Unlike the feedback without rubrics, teachers from experimental
groups provided rubric-based feedback by indicating the level of performance achieved by the student from 0 to 4
and encouraged the students to practice the algebraic skills where they scored low marks (0-2).

To ensure the research measured the impacts of the intervention while minimizing teacher effects, the researchers
provided in-service support to individual teachers through collaborative lesson planning. Fidelity of the intervention
was achieved by ensuring that the teachers taught quadratic equations three times a week, covered the same quadratic
equations content and conducted a total of fifteen lessons across a six-week period in the second term of 2024. The
duration of each lesson was 80 minutes.

2.3 Data Collection instrument and procedures

In this study, the researchers relied on the adapted self-efficacy questionnaire with eight items based upon the
Shavelson and Bolus's (1982) model to measure mathematics self-efficacy from totally agree to totally disagree. The
items asked students about how easy and challenging they perceived guadratic equations and about how they dealt
with quadratic tasks in terms of avoiding or not avoiding. While aware of many self-efficacy questionnaires in
literature (Stodolsky et al., 1991; Szydlik, 2000; Tapasak, 1990), the adapted questionnaire was chosen because of
its extensive use in different contexts and cultures (Balan, 2012; Mason, 2003; Schommer-Aikins et al., 2005; Steiner,
2007). Leach et al. (2006) provided relatively strong evidence of the instrument’s ability to yield reliable scores from
19 studies that applied it. In addition, Balan (2012) also used and administered the self-efficacy questionnaire to 45
first year university students to analyze students’ responses using factor analysis. The students rated the items using
a four-point response options for each item: totally agree, agree, disagree, or totally disagree and the calculated
Cronbach’s alpha reliability was, a = 0.77, confirming the reliability of the scale. In this study, items were slightly
revised to suit the focus of the study. For example, the item “Maths is easy for me to understand” was changed to
“Quadratic equations are easy for me to understand”. Five items were positively worded while other three were
negatively worded and had a reliability index of, « = .75, computed using data gathered from a pilot study involving
17 secondary school students. The full details about the questionnaire items are reported verbatim in the Results
section. The use of guestionnaires enabled researchers to capture data from relatively large sample size (Ishtiaq,
2019).

To collect the data, researchers administered the mathematics self-efficacy questionnaire to students both before and
after the intervention. The students rated the items on a 5-point Likert-type scale ranging from totally agree to totally
disagree. Students took about fifteen minutes to complete the questionnaire. Students” mathematics self-efficacy was
measured through the following procedures;

(1) For every item, a different value was assigned to possible answers; 5 = totally agree, 4 = agree, 3 = neutral,
2 = disagree and 1 = totally disagree. Negatively worded items were coded in reverse from totally agree (1)
to totally disagree (5) so that high values indicated the same type of response on every item (Dodeen, 2023).

(2) For each student, a mean value was obtained by adding the values corresponding to items on the scale divided
by the number of items.

(3) A positive self-efficacy was associated with item mean values equal to or greater than 3.51. Mean values
between 2.51 and 3.5 represented that students were not sure. On the other hand, negative self-efficacy was
associated with mean values equal to or less than 2.50 (Lindner & Lindner, 2024). The researchers compiled
the results for analysis.

2.4 Data analysis

Descriptive statistics (mean and standard deviation) were used to summarize the results. A mixed model analysis of
variance (ANOVA) with repeated measures was used to assess the impact of time on students mathematics self-
efficacy (Hagos & Andargie, 2022). The independent variable, gender of the student, was added as a covariable.
Statistical assumptions behind the use of the mixed model ANOVA were checked and satisfied (Blanca et al., 2023).
The test of within-subject factor was performed using pre-test and post-test measurements while the test of between-
subject factor was performed to compare self-efficacy between comparison groups and experimental groups. Paired
samples t-test was performed to investigate whether there was a significant improvement within each group. SPSS

Page 134



ISSEJ 4(1):130-147

version 25 was used for this investigation. All statistical tests were run for significance at the 0.05 level (Rudas,
2018).

3. Results
Descriptive statistics for pre-test and post-test measurements are presented in Table 1.

Table 1. Descriptive statistics between comparison groups and experimental groups between measurements

Measurement Comparison groups Experimental groups Grand mean
(n=171) (n=178) (n=149)
M SD M SD M SD
Pre-test 3.47 0.50 3.53 0.54 3.50 0.52
Post-test 3.14 0.66 3.81 0.58 3.49 0.71
Estimated marginal 3.31 0.05 3.68 0.04 3.49 0.03
means

Results in Table 1 show that students from comparison groups changed the belief about their ability to learn quadratic
equations after the intervention (M = 3.14, SD = 0.66) towards lower self-efficacy and lower confidence in their own
abilities to cope with quadratic instructions than they were before the intervention (M = 3.47, SD = 0.50). The paired
samples t-test for difference between means indicated that the negative change was significant, t(70) = 3.04,p <
.05, 95% CI [0.11,0.54], Cohen’s d = 0.6, indicating a moderate, noticeable effect (Cohen, 1988). This shows that
the majority of students who did not use rubrics responded in a way that showed that they struggled to understand
quadratic equations even after learning the topic in full [items, 1, 2, 4, and 5]. Additionally, students’ responses also
showed that they did not like doing quadratic equations and did not care whether or not they understood quadratic
equations after the intervention (items 3, 6 and 8). Furthermore, these students responded that they were only studying
quadratic equations because it was applied in other math topics (item 7).

On the other hand, students who used formative rubrics changed their answers about how they perceived themselves
as learners of quadratic equations after the intervention (M = 3.81,5D = 0.58) in a way that indicated positive self-
efficacy and higher confidence in their own abilities to cope with quadratic instructions than they were before the
intervention (M = 3.53,5D = 0.54). A paired sample t-test showed that the positive change was significant, t(77) =
3.04,p < .05,95% CI [-0.47,-0.10], Cohen’s d = 0.5, indicating a moderate, noticeable effect (Cohen, 1988). This
shows that the majority of students who used rubrics responded that they found quadratic equations interesting and
easy to understand after the intervention (items, 1,2, 4, and 5), that they enjoyed doing quadratic equations with
friends (items 3, 6 and 8) and that they studied quadratic equations because it was applied not only in other math
topics but also in daily life (item 7). The item-mean distributions between students from comparison group and those
from experimental group over two measurement times are shown in Table 2.

Table 2. Distribution of means and standard deviations on items for each group before and after the intervention

Comparison Experimental
No. Items Measurement group group

M SD M SD
1 Quadratic equations are easy for me to understand. Pre-test 3.25 1.16 3.10 1.14

Post-test 3.68 1.15 3.65 1.20
2 I feel bad when I don’t understand quadratic equation Pre-test 4.10 0.97 3.55 1.25

concepts Post-test 3.62 1.47 4.23 1.14

3 In class, my friends come to me for help in quadratic Pre-test 3.30 1.15 2.90 1.27
equations Post-test 3.44 1.15 3.50 1.29

4 I think that quadratic equation problems can be Pre-test 3.32 1.12 3.03 1.21
interesting and challenging. Post-test 3.51 1.16 3.87 1.22
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5 I have difficulties understanding quadratic equations. Pre-test 3.17 1.24 2.76 1.34
Post-test 2.92 1.23 3.14 1.34

6 I avoid anything to do with quadratic equations. Pre-test 3.70 1.03 2.76 1.31
Post-test 3.41 1.36 3.65 1.39

7 I’'m only studying quadratic equations because they Pre-test 2.63 1.31 2.85 1.37
are applied in other maths topics. Post-test 3.05 1.60 4.00 1.34

8 I’ve always done well in quadratic equations. Pre-test 2.82 1.06 2.85 1.06

Post-test 3.04 1.21 3.09 1.23

Furthermore, the results from the mixed model ANOVA are presented in Table 3 and Table 4 for the test of within-
subject effect (pre-test and post-test) and test of between-subject effect (comparison groups and experimental groups)
respectively.

Table 3. Test of within-subject effects between pre-test and post-test

Source Type III Sum of dfi  df? F Sig. Partial Eta Squared
Squares

Time Sphericity ~ 0.40 1 147 1.07 303 0.00
Assumed

TimexGender Sphericity  0.54 1 147 1.42 235 .01
Assumed

TimexGroup  Sphericity  6.88 1 147  18.24%* .000 0.11
Assumed

Note. Asterisk (*) means effect is significantatp < .05

Table 4. Test of between-subject effect between comparison group and experimental group

Source Type III Sum of Squares dfl df? F Sig. Partial Eta Squared
Intercept 360.57 1 147 1269.32%* .000 0.89
Gender 0.13 1 147 0.36 .548 0.00
Group 10.23 1 147 36.00* .000 0.20

Note. Asterisk (*) means effect is significantat p < .05

Firstly, Table 3 results show that the impact of time on mathematics self-efficacy was not significant, sphericity
assumed, F(1,147) = 1.07,p > .05, Partial Eta Squared = 0.00 and 95% CI [—0.14, 0.16]. In other words, time
between measures did not significantly predict students’ mathematical self-efficacy, thus, pre-test and post-test scores
were similar (see Figure 1).
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Figure 1. Mathematics self-efficacy between pre-test and post-test measurements
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Secondly, results in Table 3 also revealed that the impact of gender of the student over time on self-efficacy was not
significant, sphericity assumed, F(1,147) = 1.42,p > .05, Partial Eta Squared = 0.01 and 95% CI [—0.16, 0.09].
Thus, the gender of the student did not significantly predict students’ mathematics self-efficacy over time (see Figure
2).
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Similarly, Table 4 and Figure 3 confirm the non-significant impact of gender over time between male (n =78, M =

3.48, SD = 0.04)

and female (n =71, M = 3.52, SD = 0.05), equality of variance assumed, F(1,147) =

0.36,p > .05, 95% CI [-0.16, 0.09].

Figure 3. Mathematics self-efficacy between males and females over pre-test and post-test measurement

35

25

Mean score

15

0.5

m Male © Female

357
3.45 I 3.52 3.47

Pre-test Measurements Post-test

Nevertheless, the results in Table 3 show that the impact of group of students over time was significant, sphericity
assumed, F(1,147) = 18.24,p < .05, 95% CI [3.43, 3.55]. Group had a moderate effect size of, Partial Eta Squared
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= 0.11, suggesting that group of the student accounted for 11% of the variation in students’ mathematics self-efficacy
results. These results therefore, showed that group membership was a significant predictor of students’ mathematics
self-efficacy and that students from experimental groups developed higher positive self-efficacy than those from
comparison groups over time (see Figure 4).

Figure 4. Students’ mathematics self-efficacy between groups over time
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The test of between-subject effect in Table 4 also obtained significant results between students from comparison
groups (n =71, M = 3.31, SD = 0.05) and those from experimental groups (n = 78, M = 3.68, SD = 0.04), in
terms of mathematics self-efficacy, F(1,147) = 36.01,p < .05, 95% CI [—0.49, —0.25]. The impact of group had
a large effect size of, Partial Eta Squared = 0.20, suggesting that group of the student accounted for 20% of the
variation in students’ mathematics self-efficacy results. These results indicate that the majority of students from
experimental groups acquired significant positive mathematics self-efficacy beliefs more than students from
comparison groups.

In order to investigate the source of the differences between pre-test and post-test, univariate tests between
comparison groups and experimental groups for pre-test and post-test respectively were conducted. The results are
shown in Table 5.

Table 5. Univariate tests between comparison group and experimental group

Measurement Mean difference dfl df2 F Sig. Partial Eta Squared
Pre-test -0.06 1 147 0.61 436 0.00
Post-test -0.68* 1 147 43.37 .000 0.23

Note. Asterisk (*) means effect is significantatp < .05

Table 5 results show that there was no significant difference in mathematics self-efficacy between students from
comparison groups (M = 3.47,5D = 0.50) and those from experimental groups (M = 3.53,5D = 0.54) before the
intervention, equality of variance assumed, F(1,147) = 0.61,p > .05, 95% CI [—0.24,0.10]. Nevertheless, the
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non-zero and equivalent self-efficacy revealed that students acquired significant baseline self-efficacy before the
intervention, F(1,147) = 1269.32,p < .05, partial eta squared = 0.89 (see Table 4). Additionally, a priori study by
the Mwamba et al., (2025) investigated the mathematics proficiency levels of the students in the six classes before
the intervention. Using achievement test scores, the results showed that there was no significant difference in the
academic performance among the students before the intervention, F(5,143) = 0.69,p > .05. These finding
provided a reference point for interpreting the impact of rubrics on students’ mathematics self-efficacy after the
intervention.

After the intervention, there was a significant difference in mathematics self-efficacy between students from
comparison groups (M = 3.14,SD = 0.66) and those from experimental groups (M = 3.82,SD = 0.58) in favor of
students from experimental groups, equality of variance assumed, F(1,147) = 43.37,p < .05, 95% CI [-0.88, -
0.47], Partial Eta Squared = 0.23. Thus, students who used formative rubrics significantly improved their self-efficacy
compared to those from comparison groups after the intervention as shown in Figure 5. Similarly, the study by the
Mwamba et al. (2025) on the same sample also found significant difference in the academic performance in favor of
the students from experimental groups, regardless of the schools where the students came from, F(5,143) =
12.77,p < .001.

Figure 5. Mathematics self-efficacy between comparison group and experimental groups across measurements
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4. Discussion

Self-efficacy beliefs in learning mathematics have been discussed as some of the most important affective variables
influencing students’ ability to learn mathematics (Clemente et al., 2024; Negara et al., 2021; Zakariya, 2022;
Zivkovi¢ et al., 2023). The findings of this study show that, students who used rubrics to obtain feedback and support
self-assessment significantly improved their self-efficacy associated with learning quadratic equations than their
counterpart who did not use rubrics. This study’s findings support the direct relationship between the improved use
of formative assessment and mathematics self-efficacy, demonstrating the potential of rubrics in influencing positive
changes in secondary students’ mathematics self-efficacy. This study’s findings are a significant contribution to
research on rubric implementation and its impact on students’ mathematics self-efficacy beliefs as the current
literature on rubrics is contradictory and heavily weighted in higher education (Al Umairi, 2024; Blrgermeister et
al., 2021; Fraile et al., 2023; Myyry et al., 2022; Panadero et al., 2013; Rapi et al., 2022; Smit et al., 2023). Brookhart
(2024) reviewed four studies that investigated the effect of rubrics use on primary and secondary school students’
self-efficacy between 2014 and 2024. Three studies found an indirect relation on self-efficacy (Smit et al., 2017),
while one study found no significant difference in self-efficacy between experimental groups and control group (Liu
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et al., 2016). Rakoczy et al. (2019), who examined a formative assessment intervention on self-efficacy in a high
school mathematics course, was also unable to find a significant effect. Similarly, a meta-analysis by Panadero et al.
(2023) only found a small impact from four studies that investigated the effect of rubrics on self-efficacy. However,
it is important to note that in previous studies with insignificant or mixed findings, teachers did not share the rubrics
with students in a timely manner for formative assessment (Nsabayezu et al., 2022), or provided them only when the
assessment was already underway or during summative assessments that did not require additional feedback (Hubber
et al., 2022; Panadero & Jonsson, 2013). The provision of rubrics and ensuring that students used them not only to
understand teacher expectations and for self-assessment, but also to improve their own work, was the significant
feature of the intervention in the current study. This explanation seems consistent because the students who reported
to have experienced increased enjoyment and engagement with quadratic equations, increased confidence and ability
to cope with quadratic equations instructions as well as improved understanding of the usefulness of quadratic
equations in real life also had higher achievements in the quadratic equation’s performance test (Mwamba et al.,
2025). This finding is supported by a satisfactory body of research (Balan, 2012; Steiner, 2007; Tella, 2007), reporting
that students’ mathematics self-efficacy about themselves may indirectly or directly affect their academic
performance. This study therefore, delivers new and insightful results, suggesting that teachers from secondary
schools can equally influence positive changes in students” mathematics self-efficacy beliefs by integrating rubrics
into formative assessment practices.

Possible explanations for improved students’ self-efficacy beliefs are that formative use of rubrics enabled students
to plan and carryout the actions required to achieve specific types of performances, to evaluate their own
performances in order to get immediate feedback through self-assessment, especially on weaknesses. These
weaknesses became the goals for improvements (Clemente et al., 2024; Ling, 2024). Previous studied (Blondeel et
al., 2024; Brookhart, 2024; Hagos & Andargie, 2022; Malespina & Singh, 2022; Myyry et al., 2022; Shirawia et al.,
2024; Smit et al., 2023), also report similar findings that the use of rubrics enable teachers to deliver nuanced feedback
about where the students were going, how they were doing, and how to move on. Ling (2024) also reported that the
feedback provided by a rubric surpasses a mere grade.

In addition, the use of rubrics also enabled students to estimate their grades prior to the submission of assignments
while providing accurate self-assessment judgments (Panadero et al., 2024; Panadero & Dochy, 2014; Panadero &
Jonsson, 2013). Descriptive statistics revealed that students from comparison groups found quadratic equations
difficulty to understand and very challenging, and that they avoided anything to do with quadratic equations even
after learning quadratic equations in full. These are probably the reasons the students reported a decrease in self-
efficacy towards lower confidence in their own abilities to cope with quadratic instructions compared to their answers
before interventions. These findings confirm the social cognitive theory (Bandura, 1997; Ozcan & Kiiltiir, 2021),
which holds that failure in mathematics lowers self-efficacy while decreasing perseverance and efforts whereas
success in mathematics increases self-efficacy (Negara et al., 2021; Zivkovi¢ et al., 2023). The theory further
indicates that giving students the possibility to engage in assessment as early as possible and discussing assessment
criteria well in advance enable them to develop study skills and to build confidence, which is crucial for progression
in their learning programs (Brookhart, 2024; Meer & Chapman, 2014). The transparency of assessment created by
formative rubrics through clear learning goals, explicitly criteria and detailed feedback which encouraged self-
assessment is by far an important ingredient for improved self-efficacy associated with secondary school mathematics
(Jonsson, 2020; Jonsson & Svingby, 2007; Ling, 2024). This study’s findings is supported by previous findings that,
a lack of transparent in assessment is a major source of negative self-efficacy (Clemente et al., 2024; Myyry et al.,
2022; Schimmelpfennig, 2025).

While teacher characteristics such as grading bias and expectations bias may have influenced the findings (Brookhart,
2024; Ling, 2024; Yan & King, 2023), teacher training, standardized instructional materials, formative feedback, and
collective lesson planning helped minimize the effect of teacher variability on student learning (Panadero et al., 2023).
Monitoring teacher adherence to the formative guidelines also ensured consistence and fidelity of the intervention.
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5. Conclusions

The findings of this study have demonstrated that rubrics, along with the learning activities such as clear learning
outcomes, providing detailed feedback, and self-assessment have the potential to improve secondary school students’
self-efficacy in mathematics. These findings suggest that secondary teachers of mathematics can influence positive
changes in students’ self-efficacy by integrating rubrics into formative assessment practices. However, teachers and
students need to familiarize themselves with the characteristic of rubrics before they can start getting the benefits.

In addition, the findings of this study provide indications to believe that the use of formative rubrics has an indirect
beneficial effect on reducing secondary students’ level of performance-avoidance self-regulation in mathematics
learning. Secondary students who used rubrics reported more confidence in their own abilities to handle quadratic
equation problems, leading to lower levels of performance-avoidance self-regulation.

5.1 Limitations and opportunities for future studies

The inability to assign classes randomly to teachers and into groups and the reliance on a moderate sample (n=149)
limits the extent to which the findings of this study maybe generalized. However, these findings may be relevant to
populations whose characteristics are the same as those of the sample studied.

While the findings are positive, this study covered only six weeks, and it will be informative to assess the potential
long-term impact of rubrics to validate this study’s findings. The use of a single instrument introduces test specific
bias. Other data collection instruments such as daily dairies and interviews provide nuanced information on how
effectively rubrics were implemented. Amidst these methodological and contextual limitations, this study’s findings
provide important implications for practitioners and researchers in mathematics education.

5.2 Recommendations for teacher practice

This study’s findings show that students may leverage the use of rubrics to obtain constructive feedback and use the
opportunity to assess their own learning progress and determine what to learn next. This imply that giving students
the opportunities to engage in assessment as early as possible and discussing assessment criteria well in advance may
help them improve self-efficacy. When students understand the learning outcomes, they have ownership of their
learning and feel more confident in their own abilities to tackle challenging questions, which may help them to
improve their performance not only in school but also in life.

Acknowledgements: The authors want to appreciate colleagues for their experts’ contributions toward the
publication of this article and the teachers for their commitment to the success of the intervention.

Declaration of Competing Interests: The authors declare no potential conflicts of interest. Due to the lack of an
established ethics committee, the procedures for getting an ethical clearance were waived by the author’s institution.
However, the research was conducted in accordance with ethical standards as laid down in the 1964 Declaration of
Helsinki (DoH) and its later amendments.

References

Adeniji, S. M., Baker, P., & Schmude, M. (2022). Structure of the observed learning outcomes (SOLO) model: A mixed-
method systematic review of research in mathematics education. Eurasia Journal of Mathematics, Science and
Technology Education, 18(6), 1-17. https://doi.org/10.29333/ejmste/12087

Al Umairi, K. S. (2024). Role of mathematics motivation in the relationship between mathematics self-efficacy and
achievement. Journal of Pedagogical Research, 8(4), 125-146. https://doi.org/10.33902/jpr.202428560

Anderson, L. W., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching and assessing: A revision of Bloom’s
taxonomy of educational objectives. Longman.

Andrade, H. G., Wang, X., Du, Y., & Akawi, R. L. (2009). Rubric-referenced self-assessment and self-efficacy for writing. The
Journal of Educational Research, 102(4), 287-301.

Auxtero, L. C., & Callaman, R. A. (2021). Rubric as a learning tool in teaching application of derivatives in basic calculus.
Journal of Research and Advances in Mathematics Education, 6(1), 46-58.
https://doi.org/https://doi.org/10.23917/jramathedu.v6il.11449

Balan, A. (2012). Assessment for learning: A case study in mathematics education. Malmd Studies in Educational Sciences,
Issue 68, 1-182. http://www.mah.se/muep

Bandura, A. (1997). Self-efficacy: The exercise of control. W H Freeman.

Bhatnagar, R., Tanguay, C., Sullivan, C., & Many, J. (2021). Observation of field practice rubric: Establishing content validity
and reliability. Georgia Educational Researcher, 18(2). https://doi.org/10.20429/ger.2021.180201

Blanca, M. J., Arnau, J., Garcia-Castro, F. J., Alarcén, R., & Bono, R. (2023). Repeated measures ANOVA and adjusted F-
tests when sphericity is violated: Which procedure is best? Frontiers in Psychology, 14(August), 1-11.

Page 142



ISSEJ 4(1):130-147

https://doi.org/10.3389/fpsyg.2023.1192453

Blondeel, E., Everaert, P., & Opdecam, E. (2024). Does practice make perfect? The effect of online formative assessments on
students’ self-efficacy and test anxiety. British Accounting Review, 56(4), 101189.
https://doi.org/10.1016/j.bar.2023.101189

Brookhart, S. M. (2018). Appropriate criteria: Key to effective rubrics. Frontiers in Education, 3(April), 22.
https://doi.org/10.3389/feduc.2018.00022

Brookhart, S. M. (2024). Using rubrics in basic education: A review and recommendations. Studies in Educational Assessment,
35(Article r10803), 1-22. https://doi.org/https://doi.org/10.18222/eae.v35.10803

Brookhart, S. M., & Chen, F. (2015). The quality and effectiveness of descriptive rubrics. Educational Review, 67(3), 343-368.
https://doi.org/10.1080/00131911.2014.929565

Burgermeister, A., Glogger-Frey, 1., & Saalbach, H. (2021). Supporting peer feedback on learning strategies: Effects on self-
efficacy and feedback quality. Psychology Learning and Teaching, 20(3), 383-404.
https://doi.org/10.1177/14757257211016604

Chittaranjan, A. (2021). The inconvenient truth about convenience and purposive samples. Indian Journal of Psychological
Medicine, 43(1), 86-88. https://doi.org/10.1177/0253717620977000

Claudia, L. F., Kusmayadi, T. A., & Fitriana, L. (2020). The SOLO taxonomy: Classify students’ responses in solving linear
program problems. Journal of Physics: Conference Series, 1538(1), 1-12. https://doi.org/10.1088/1742-
6596/1538/1/012107

Clemente, J. M., Kit Kilag, O. T., Ypon, A. Q., Groenewald, E. S., Groenewald, C. A., & Ubay, R. G. (2024). Enhancing
mathematics self-efficacy: Intervention strategies and effectiveness-A systematic review. International Multidisciplinary
Journal of Research for Innovation, Sustainability, and Excellence, 1(2). https://orcid.org/0009-0006-8919-4420

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (Lawrence Erlbaum Associates (ed.); Second Edi).

Creswell, J. W. (2009). Third edition research design: Qualitative, quantitative, and mixed methods approaches. In Research
Design 3rd Ed. https://www.worldcat.org/title/research-design-qualitative-quantitative-and-mixed-methods-
approaches/oclc/269313109

Dodeen, H. (2023). The effects of changing negatively worded items to positively worded items on the reliability and the factor
structure of Psychology scale. Journal of Psychology Assesssment, 41(3), 298-310.
https://doi.org/https://doi.org/10.1177/07342829221141934

Estaji, M. (2012). Assessment rubrics as learning tool to enhance students’ academic performance. In M. R. A. Sarab, M.
Yousefpoori-Naeim, A. Saharkhiz, Y. Gordany, N. Nasrollahi, & M. Abolghasem (Eds.), TELLSI 10 conference
proceedings; The 10th International TELLSI Conference (pp. 521-532).

Examinations Council of Zambia. (2022). 2022 School certificate ( Grade 12 ) examination results highlights (Issue Grade 12).

Examinations Council of Zambia. (2023). Primary school leaving examination performance review report (Issue 1).

Fitriyani, N., & Evendi, E. (2024). The effect of using rubrics in improving the quality of assessment of Mathematics learning.
International Seminar on Student Research in Education, Science, and Technology, 1(April), 91-101.

Fraile, J., Gil-lzquierdo, M., & Medina-Moral, E. (2023). The impact of rubrics and scripts on self-regulation, self-efficacy and
performance in collaborative problem-solving tasks. Assessment and Evaluation in Higher Education, 48(8), 1223-1239.
https://doi.org/10.1080/02602938.2023.2236335

Gallego-Arrufat, M. J., & Dandis, M. (2014). Rubrics in a secondary mathematics class. International Electronic Journal of
Mathematics Education, 9(1-2), 75-84. https://doi.org/10.29333/iejme/282

Ghunaimat, M. A., & Alawneh, E. A. (2024). The effectiveness of using the SOLO taxonomy in acquiring students the
concepts of coordinate geometry. IJORER : International Journal of Recent Educational Research, 5(3), 523-536.
https://doi.org/10.46245/ijorer.v5i3.592

Guat Poh, B. L., Muthoosamy, K., Lai, C. C., & Hoe, G. B. (2015). A marking scheme rubric: To assess students’
mathematical knowledge for applied algebra test. Asian Social Science, 11(24), 18-25.
https://doi.org/10.5539/ass.v11n24p18

Hagos, T., & Andargie, D. (2022). Gender differences in students’ motivation and conceptual knowledge in chemistry using
technology-integrated formative assessment. Asian Journal of Assessment in Teaching and Learning, 12(1), 10-22.
https://doi.org/10.37134/ajatel.vol12.1.2.2022

Hattori, Y., Inoue, Y., Matsubara, K., Hakamata, R., & Hisadomi, Y. (2025). Enhancing critical thinking in mathematics
education: A rubric for students’ social values. International Electronic Journal of Mathematics Education , 20(3).
https://doi.org/10.29333/iejme/16186

Hubber, P., Widjaja, W., & Aranda, G. (2022). Assessment of an interdisciplinary project in science and mathematics:
Opportunities and challenges. Teaching Science: The Journal of the Australian Science Teachers Association, 68(1), 13—
25.

143



Impacts of Formative Rubrics on Secondary Mathematics Self-efficacy: A Quasi-experimental Study in Zambia

Ishtiag, M. (2019). Book Review Creswell, J. W. (2014). Research design: Qualitative, quantitative and mixed methods
approaches (4th ed.). Thousand Oaks, CA: Sage. In English Language Teaching (Vol. 12, Issue 5).
https://doi.org/10.5539/elt.v12n5p40

Jonsson, A. (2020). Rubrics as a tool for self-regulated learning. In P. Grainger & K. Weir (Eds.), Chapter three: Facilitating
student learning and engagement in higher education through assessment rubrics (pp. 25-41).

Jonsson, A., & Svingby, G. (2007). The use of scoring rubrics: Reliability, validity and educational consequences. Educational
Research Review, 2(0), 130-144. https://doi.org/10.1016/j.edurev.2007.05.002

Karaman, P. (2021). The effect of formative assessment practices on student learning: A meta-analysis study. International
Journal of Assessment Tools in Education, 8(4), 801-817. https://doi.org/10.21449/ijate.870300

Leach, L. F., Henson, R. K., Odom, L. R., & Cagle, L. S. (2006). A reliability generalization study of the self-description
questionnaire. Educational and Psychological Measurement, 66(1), 285-304.

Lindner, J. R., & Lindner, N. (2024). Interpreting Likert type, summated, unidimensional, and attitudinal scales: I neither agree
nor disagree, Likert or not. Advancements in Agricultural Development, 5(2), 152-163.
https://doi.org/10.37433/aad.v5i2.351

Ling, J. H. (2024). A review of rubrics in education: Potential and challenges. Pedagogy: Indonesian Journal of Teaching and
Learning Research, 2(1), 1-14.

Liu, C. C,, Lu, K. H., Wu, L. Y., & Tsai, C. C. (2016). The impact of peer review on creative self- efficacy and learning
performance in Web 2.0 learning activities. Educational Technology & Society, 19(2), 286-297.
https://doi.org/https://www.jstor.org/stable/jeductechsoci.19.2.286

Lopez, J., Robles, I., & Martinez-Planell, R. (2015). Students’ understanding of quadratic equations. International Journal of
Mathematical Education in Science and Technology, 47(4), 552-572. https://doi.org/10.1080/0020739X.2015.1119895

Malespina, A., & Singh, C. (2022). Gender differences in test anxiety and self-efficacy: Why instructors should emphasize
low-stakes formative assessments in physics courses. European Journal of Physics, 43(3). https://doi.org/10.1088/1361-
6404/ac51b1

Mason, L. (2003). High school students’ beliefs about maths, mathematical problem solving, and their achievement in maths:
A cross-sectional study. Educational Psychology, 23(1), 73-85.

Meer, N. M., & Chapman, A. (2014). Assessment for confidence: Exploring the impact that low- stakes assessment design has
on student retention. International Journal of Management Education, 12(2), 186-192.
https://doi.org/https://doi.org/10.1016/j.ijme.2014.01.003

Ministry of Education. (2013a). 2013 Zambia education curriculum framework (Issue May). Curriculum Development Centre.

Ministry of Education. (2013b). “O” level mathematics syllabus: Grades 10 to 12 (Issue May). Curriculum Development
Centre.

Ministry of Education. (2024). Ordinary Level Mathematics I syllabus: Form 1 to Form 4 (Curriculum Development Centre
(ed.)). Curriculum Development Centre.

Mohajan, H. (2017). Two criteria for good measurements in research: Validity and reliability. Annals of Spiru Haret
University, 17(3), 58-82. https://mpra.ub.uni-muenchen.de/83458/

Morton, J. K., Northcote, M., Kilgour, P., & Jackson, W. A. (2021). Sharing the construction of assessment rubrics with
students: A Model for collaborative rubric construction. Journal of University Teaching & Learning Practice, 18(4), 1-
15. https://ro.uow.edu.au/jutlp/vol18/iss4/9

Mues, A., Birtwistle, E., Wirth, A., Schiele, T., & Niklas, F. (2025). Supporting children > s numeracy competencies and
families > HNE: Exploring the role of apps and digital parent information in STEM vs . Non - STEM families. European
Journal of Psychology of Education, 7. https://doi.org/10.1007/s10212-025-00953-7

Mukuka, A., Balimuttajjo, S., & Mutarutinya, V. (2020a). Applying the SOLO taxonomy in assessing and fostering students
mathematical problem-solving abilities. Proceedings of the 28th Annual Conference of the Southern African Association
for Research in Mathematics, Science and Technology Education, January, 104-112.

Mukuka, A., Balimuttajjo, S., & Mutarutinya, V. (2020b). Exploring students’ algebraic reasoning on quadratic equations:
Implications for school-based assessment. International Conference to Review Research in Science, Technology and
Mathematics Education, 130-138. https://episteme8.hbcse.tifr.res.in/proceedings/

Mukuka, A., Mutarutinya, V., & Balimuttajjo, S. (2021). Mediating effect of self-efficacy on the relationship between
instruction and students’ mathematical reasoning. Journal on Mathematics Education, 12(1), 73-92.
https://doi.org/10.22342/JME.12.1.12508.73-92

Mwamba, E., Shumba, O., & Mulenga, H. (2025). Impacts of formative use of rubrics on secondary school students’ academic
performance on Quadratic equation problems. Educational Assessment, 00(00), 1-17.
https://doi.org/10.1080/10627197.2025.2562801

Myyry, L., Karaharju-Suvanto, T., Virtala, A. M. K., R Raekallio, M., Salminen, O., Vesalainen, M., & Nevgi, A. (2022). How
self-efficacy beliefs are related to assessment practices: A study of experienced university teachers. Assessment and
Evaluation in Higher Education, 47(1), 155-168. https://doi.org/10.1080/02602938.2021.1887812

Negara, H. R. P., Nurlaelah, E., Wahyudin, Herman, T., & Tamur, M. (2021). Mathematics self efficacy and mathematics
performance in online learning. Journal of Physics: Conference Series, 1882(1), 1-6. https://doi.org/10.1088/1742-
6596/1882/1/012050

Page 144



ISSEJ 4(1):130-147

Nsabayezu, E., Mukiza, J., lyamuremye, A., Mukamanzi, O. U., & Mbonyiryivuze, A. (2022). Rubric-based formative
assessment to support students’ learning of organic chemistry in the selected secondary schools in Rwanda: A
technology-based learning. Education and Information Technologies, 27, 12251-12271.
https://doi.org/https://doi.org/10.1007/s10639-022-11113-5

Ozcan, B., & Kiiltir, Y. Z. (2021). The relationship between sources of mathematics self-efficacy and mathematics test and
course achievement in high school seniors. SAGE Open, 11(3), 1-10. https://doi.org/10.1177/21582440211040124

Panadero, E., Alonso-Tapia, J., & Reche, E. (2013). Rubrics Vs. Self-assessment scripts effect on self-regulation, performance
and self-efficacy in pre-service teachers. Studies in Educational Evaluation, 39, 125-132.

Panadero, E., & Dochy, F. (2014). Student self-assessment: Assessment, learning and empowerment. Assessment & Evaluation
in Higher Education, 39(7), 895-897. https://doi.org/10.1080/02602938.2013.871412

Panadero, E., Fernandez, J., Pinedo, L., Sanchez, I., & Garcia-Pérez, D. (2024). A self-feedback model (SEFEMO): Secondary
and higher education students’ self-assessment profiles. Assessment in Education: Principles, Policy and Practice, 31(3—
4), 221-253. https://doi.org/10.1080/0969594X.2024.2367027

Panadero, E., & Jonsson, A. (2013). The use of scoring rubrics for formative assessment purposes revisited: A review.
Educational Research Review, 9(0), 129-144. https://doi.org/10.1016/j.edurev.2013.01.002

Panadero, E., Jonsson, A., Pinedo, L., & Fernandez-Castilla, B. (2023). Effects of rubrics on academic performance, self-
regulated learning, and self-efficacy: A meta-analytic review. Educational Psychology Review, 35(4), 1-38.
https://doi.org/10.1007/s10648-023-09823-4

Pancorbo, G., Primi, R., John, O. P., Santos, D., & De Fruyt, F. (2021). Formative assessment of social-emotional skills using
rubrics: A review of knowns and unknowns. Frontiers in Education, 6(November), 1-12.
https://doi.org/10.3389/feduc.2021.687661

Parameswari, P., Purwanto, Sudirman, & Susiswo. (2023). Correct-incorrect proportional reasoning strategies on the
proportional problems and SOLO taxonomy. Acta Scientiae, 25(5), 86-117. https://doi.org/10.17648/acta.scientiae. 7465

Rakoczy, K., Pinger, P., Hochweber, J., Klieme, E., Schutze, B., & Besser, M. (2019). Formative assessment in mathematics:
Mediated by feedback’s perceived usefulness and students’ self- efficacy. Learning and Instruction, 60(December 2019),
154-165. https://doi.org/https://doi.org/10.1016/j.learninstruc.2018.01.004

Rapi, N. K., Widiarini, P., & Suastra, 1. W. (2022). The effect of self-assessment with inquiry learning model on self-efficacy
and physics learning outcomes. Proceedings of the 4th International Conference on Innovative Research Across
Disciplines (ICIRAD 2021), 613(lcirad), 89-96. https://doi.org/10.2991/assehr.k.211222.013

Reddy, Y. M., & Andrade, H. G. (2010). A review of rubric use in higher education. Assessment and Evaluation in Higher
Education, 35(4), 435-448. https://doi.org/10.1080/02602930902862859

Richiteanu-Nastase, E. R., & Mihaila, A. R. (2023). Effective use of rubrics in student evaluation: Best practice E-portfolios. In
Chapter 6 (pp. 92-107). https://doi.org/10.4018/978-1-6684-6086-3.ch006

Rudas, T. (2018). Normal distribution. In Lectures on Categorical Data Analysis. Springer Texts in Statistics. (pp. 44-56).
Springe. https://doi.org/https://doi.org/10.1007/978-1-4939-7693-5 3

Schimmelpfennig, F. (2025). Effects of the teacher - student relationship on the learning and achievement motivation of high -
tracking school students in adolescence. European Journal of Psychology of Education, 8, 1-26.
https://doi.org/10.1007/s10212-025-00952-8

Schommer-Aikins, M., Duell, O. K., & Hutter, R. (2005). Epistemological beliefs, mathematical problem-solving beliefs, and
academic performance of middle school students. The Elementary School Journal, 105(3), 289-304.

Shavelson, R. J., & Bolus, R. (1982). Self-concept: The interplay of theory and methods. Journal of Educational Psychology,
74, 3-17.

Shirawia, N. H., Qasimi, A. B., Tashtoush, M. A., Rasheed, N. M., Khasawneh, M. A. S., & Az-Zo’bi, E. A. (2024).
Performance assessment of the calculus students by using scoring rubrics in composition and inverse function. Applied
Mathematics and Information Sciences, 18(5), 1037-1049. https://doi.org/10.18576/amis/180511

Singh, A. S., & Masuku, M. B. (2011). Sampling techniques and determination of sample size in applied statistics research.
Inwood Magazine, 11(96), 32-33.

Smit, R., Bachmann, P., Blum, V., Birri, T., & Hess, K. (2017). Effects of a rubric for mathematical reasoning on teaching and
learning in primary school. Instructional Science, 45(5), 603-622. https://doi.org/10.1007/s11251-017-9416-2

Smit, R., Dober, H., Hess, K., Bachmann, P., & Birri, T. (2023). Supporting primary students’ mathematical reasoning
practice: The effects of formative feedback and the mediating role of self-efficacy. Research in Mathematics Education,
25(3), 277-300. https://doi.org/10.1080/14794802.2022.2062780

Steiner, L. A. (2007). The effect of personal and epistemological beliefs on performance in a college developmental
mathematics class. Kansas state university.

Stodolsky, S. S., Salk, S., & Glaessner, B. (1991). Student views about learning math and social studies. American Educational

145



Impacts of Formative Rubrics on Secondary Mathematics Self-efficacy: A Quasi-experimental Study in Zambia

Research Journal, 28(1), 89-116.

Suryanti, N., & Nurhuda, N. (2021). The effect of problem-based learning with an analytical rubric on the development of
students’ critical thinking skills. International Journal of Instruction, 14(2), 665-684.
https://doi.org/10.29333/iji.2021.14237a

Szydlik, J. E. (2000). Mathematical beliefs and conceptual understanding of the limit of a function. Journal for Research in
Mathematics Education, 31(3), 258-276.

Tapasak, R. C. (1990). Differences in expectancy-attribution patterns of cognitive components in male and female math
performance. Contemporary Educational Psychology, 15, 284-298.

Tashtoush, M. A., Shirawia, N., & Rasheed, N. M. (2023). Scoring rubrics method in performance assessment and its effect on
Mathematical achievement. Athens Journal of Education, 12(1), 1-20.

Toalongo, X., Trelles, C., & Alsina, A. (2022). Design, construction and validation of a rubric to evaluate Mathematical
modelling in school education. Mathematics, 10(24), 0-19. https://doi.org/10.3390/math 10244662

Valenzuela-Gonzalez, V., Hernandez-Quintana, A., & Camacho-Rios, A. (2021). Level of competence on the concept of basis
of vector space using SOLO taxonomy. Journal Mathematical and Quantitative Methods, 5(8), 10-16.
https://doi.org/10.35429/jmgm.2021.8.5.10.16

Weeda, R., Izu, C., Kallia, M., & Barendsen, E. (2020). Towards an assessment rubric for EiPE tasks in secondary education:
Identifying quality indicators and descriptors. Proceedings 20th Koli Calling Conference on Computing Education
Research Koli Calling 2020 November 19-22, 2020 Virtually Hosted from Koli, Finland, 1-10.
https://doi.org/10.1145/3428029.3428031

Yan, Z., & King, R. B. (2023). Assessment is contagious: The social contagion of formative assessment practices and self-
efficacy among teachers. Assessment in Education: Principles, Policy and Practice, 30(2), 130-150.
https://doi.org/10.1080/0969594X.2023.2198676

Zakariya, Y. F. (2022). Improving students’ mathematics self-efficacy: A systematic review of intervention studies. Frontiers
in Psychology, 13. https://doi.org/10.3389/fpsyg.2022.986622

Zivkovié, M., Pellizzoni, S., Doz, E., Cuder, A., Mammarella, |., & Passolunghi, M. C. (2023). Math self-efficacy or anxiety?
The role of emotional and motivational contribution in math performance. Social Psychology of Education, 26(3), 579—
601. https://doi.org/10.1007/s11218-023-09760-8

Page 146



ISSEJ 4(1):130-147

Appendix 1: Task specific formative rubric

Table 1A. Task specific formative rubric for assessing solutions to quadratic equations

Assessment Characteristics of students’ responses based on the SOLO taxonomy levels
criteria EAL RL MSL USL PSL
Factorizatio »Able to apply »Able to verify »Able to verify »Used »Wrong answers
n method and compare and justify and justify given simple given.
different quadratic  correctly solutions solutions to manipulatio  »Procedures used
concepts and to quadratic quadratic n to partly are incorrect.
Completing procedures with equations using equations using at find »Not able to find
squares reasons to find procedures that least two methods,  solutions to solutions to
method correct values of x show clear yet, procedures quadratic quadratic
in quadratic understanding of used are not equations. equations using
Quadratic contexts and in quadratic consistent (are »Procedure any method.
formula real life situations. equations. disjoint). s used »Unknown x —
method contain a values
lot of
errors.
»0One x —
value is
known.
Graph Ableto draw two  Able to construct ~ Able to construct  Attempted Not able to
method quadratic graphs tables of values, tables of values to draw construct and
on the same axes, draw two and draw at least ~ graphs but draw tables and
interpret the x — quadratic graphs one quadratic work graphs. Works are
axis,y — on the same axes graph, but cannot  characterize omitted/incomplet
axis,x — and interpret x — interpret x — d by e, inappropriately
intercepts and y - axis,y — axis,y — absence of scaled,
intercepts to find axis,x — axis,x — table of unorganized and
solutions to intercepts and y — intercepts and y —  values, mathematically
quadratic intercepts to find intercepts to find 1inappropriat incorrect graphs.
equations correct solutions to  correct solutions to € scaling,
correctly, quadratic quadratic graph not
including the use equations in equations. being
of extrapolation in context of the smooth and
the context of the problem no clear
problem and labelling of
beyond the axes.

Note. EAL=extended abstract level, RL=relational level, MSL=multi-structural level, USL=uni-structural level,

PSL=pre-structural level.
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