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Abstract: The positive effect of peer assessment and self-assessment strategies on learners' performance has been widely
confirmed in experimental or quasi-experimental studies. However, whether peer and self-assessment within everyday
mathematics teaching affect student learning and achievement, has rarely been studied. This study aimed to determine with what
quality peer and self-assessment occur in everyday mathematics instruction and whether and which students benefit from it in
terms of achievement and the learning process. Two lessons on division were video-recorded and rated to determine the quality of
peer and self-assessment. Six hundred thirty-four students of fourth-grade primary school classes in German-speaking Switzerland
participated in the study and completed a performance test on division. Multilevel analyses showed no general effect of the quality
of peer or self-assessment on performance. However, high-quality self-assessment was beneficial for lower-performing students,
who used a larger repertoire of calculation strategies, which helped them perform better. In conclusion, peer and self-assessment
in real-life settings only have a small effect on the student performance in this Swiss study.
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Introduction

Peer assessment and self-assessment (PASA) are considered two of the five key elements of formative assessment (Black
& Wiliam, 2009). Formative assessment is used to collect diagnostic information about learning and its outcomes in the
classroom, in order to use it to improve teaching and learning processes (Schiitze et al., 2018). In addition to summative
assessment, which measures accumulated learning, formative assessment is carried out during the ongoing learning
process (Cizek, 2010). While peer assessment (PA) focuses on collaborative and cooperative reflection, assessment, and
sending and receiving peer feedback (Kollar & Fischer, 2010; Strijbos & Wichmann, 2017), self-assessment (SA) focuses
on self-reflection and assessment with self-feedback (Andrade & Valtcheva, 2009). Both approaches emphasise student
feedback on themselves or peers, and increase student involvement in assessment, stimulating metacognitive processes
and optimising individual learning (Black & Wiliam, 2009; Panadero, 2016). Several meta-studies have demonstrated the
positive effect of PASA on students' learning performance (Graham et al., 2015; Sanchez et al., 2017). These previous
studies are often based on (quasi-)experimental designs or self-reports. However, such studies may have low ecological
validity, due to a lack of transferability to the everyday context (Schnell et al., 2013). There is still little research on PASA
in "real learning settings" (Panadero et al., 2016, p. 811), despite its high potential for enhancing learning. Furthermore,
it remains unclear whether all learners benefit equally from PASA and why and how it affects the learning process and
the outcome (Andrade, 2019). Empirical evidence suggests that lower-performing learners could benefit from PASA in
terms of the learning process and the associated performance (Gersten et al., 2009; Kingston & Nash, 2011). The current
paper addresses these research gaps by analysing the observed quality of PASA in everyday mathematics lessons with
regard to the learning process and outcome on students of different ability levels. The research questions are: What
quality of PASA occurs in everyday (non-experimental) teaching settings? Does PASA quality positively affect student
performance or metacognitive activity, operationalised as using different calculation strategies? Do students of different
ability levels benefit equally from PASA quality?
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A study in a real-life setting was conducted with 52 Swiss school classes in order to answer the research questions. Two
mathematics lessons were video-recorded from the 52 school classes in the fourth primary level and rated in terms of
PASA quality. The 634 participating students completed a mathematics performance test at the beginning and end of the
division topic. The performance test was used to determine the increase in performance and the choice of different
calculation strategies. The variability of calculation strategies was chosen as an indicator of metacognitive activity.
External, trained observers assess the quality of PASA. A high level of implementation quality of PASA can be observed
in challenging tasks, in careful guidance and monitoring by the teacher, and use of the information gained for further
teaching and learning processes (Andrade & Valtcheva, 2009; Topping, 2009; Wylie & Lyon, 2013).

Literature Review
Defining Quality of Formative PASA

Both PA and SA can support the learning process if they provide information that teachers and their students can use as
feedback to assess themselves and modify teaching and learning activities. Formative PASAs are successful when the
students’ metacognitive processes are triggered and enhance learning (Black et al., 2004). According to Topping (2009),
PA can be defined as "an arrangement for learners to consider and specify the level, value, or quality of a product or
performance of other equal-status learners" (p. 20).

Formative SA is described by Andrade (2010) as "a process of formative assessment during which students reflect on the
quality of their work, judge the degree to which it reflects explicitly stated goals or criteria, and revise their work
accordingly” (p. 91). SA can be seen as feedback to oneself (Andrade, 2010). Learners engage in a metacognitive dialogue
by commenting on their learning outcomes, comparing them to the relevant standards, and drawing conclusions for
further learning steps and revision of the work (Panadero et al., 2016). According to Wylie and Lyon (2013), this provides
learners with the opportunity to reflect metacognitively on their learning process. From a theoretical perspective, the
following three conditions for success can be identified for a learning-effective implementation of PASA: 1.) Level of
challenge, 2.) Guidance, implementation, and support, 3.) Use of the information gained for further learning and teaching.

Level of Challenge: High-quality PASAs involve challenging tasks (Black et al., 2004; Wylie & Lyon, 2013), which challenge
learners to engage in deeper thinking and metacognitive thought processes (Topping, 2009). These processes encourage
students to describe and discuss their own or others' learning processes and results in a differentiated manner, and
explicitly review and assess them, based on learning objectives and assessment criteria. PA should be elaborate and
specific, lead to a dialogue between the participants (Kollar & Fischer, 2010), and relate supportively to learning and self-
regulation (Alqassab, 2016). SA should be designed to help learners gain a deeper understanding of their own learning
processes and support them in managing and further optimising their learning (Andrade & Valtcheva, 2009; Wylie &
Lyon, 2013).

Guidance, Implementation, and Support: Teachers, especially at the primary school level, have the important task of
carefully guiding and monitoring the implementation of PASA and offering them support in any necessary reflection and
assessment processes (Harris & Brown, 2013; Ploegh et al., 2009). Specific instructions and careful management of
interpersonal relationships are important for successfully implementing PASA (Harris & Brown, 2013). In addition,
learners need to develop skills to apply PASA (Black et al., 2004).

Use of the Information Gained for Further Learning and Teaching: PASA becomes effective for learning when learners are
encouraged to use the (metacognitive) insights from PASA to improve their learning processes. Effective use of the
information gained means sharing, discussing, and systematising findings from the PASA in the classroom or guiding
learners to consider the information gained from their own and others' feedback for further learning (Andrade &
Valtcheva, 2009). For teachers, the challenge is to incorporate PASA into the structure of teaching and learning processes
so that subsequent phases of instruction refer to it.

Measuring the Quality of PASA in Everyday Teaching

The quality of PASA in the classroom can be captured through self-evaluation or classroom observation, by establishing
observable indicators and judging them (Pauli, 2012). Three different perspectives can be used for this purpose: external
trained observers, teachers, and learners. Comparisons of perspectives reveal large differences between these groups of
people (Fauth et al., 2014; Praetorius, 2014; Waldis et al., 2010). In contrast to judgments by teachers and students,
external observers have the advantage that systematic comparisons across different classes and existing teaching
theories are possible. Especially on didactic and methodological aspects of teaching, like the use and quality of PASA, are
the evaluations of external trained observers considered a significant source of information due to their high validity in
empirical teaching research (Waldis et al., 2010). Observational studies are also ecologically more valid than other
research designs (Schnell et al.,, 2013), such as the (quasi-)experimental designs often used in PASA studies.

The few studies on assessments of everyday teaching by trained external observers are American, and conclude that the
quality of PASA is rather low. Gotwals et al. (2015) found differences between teachers of different subjects, but none
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reached the expert level. The results of the observational study by Oswalt (2013) point in the same direction, in which
quality scores in the lower scale range were found for PASA. Neither Gotwals et al. (2015) nor Oswalt (2013) examined
the relationship between PASA and student achievement.

Effects of PASA on Performance

There is arange of evidence from (meta-)studies on the effectiveness and mode of action of PASA on learner performance.
In their meta-study, Double et al. (2019) demonstrate a small to medium-size effect on academic achievement for PA.
Furthermore, the effects of PA are robust to contextual factors, and are evident at all school levels. The effects of SA are
not significantly different from PA. The meta-study by Graham et al. (2015), with ten studies from grades 1 to 8, shows a
significant positive effect on writing quality for PASA.

Sanchez et al.'s (2017) meta-study, including 33 studies with students from third to twelfth grade, indicates that learners
performed better on subsequent tests after self-grading or peer-grading than learners without such grading. The meta-
analysis of Brown and Harris (2013) found that the median effect of SA on academic performance lay between .40 and
45., but for some studies, the effects of SA were nil to small. Brown and Harris (2013) suggest that the different effects
of the studies are due to qualitative differences in the implementation and to the cognitive demands of SA.

Some findings also indicate that the effectiveness of PASA depends on learner prerequisites. There is evidence that
learners with weak school performance benefit primarily from PASA (Brown & Harris, 2013). For example, Gersten et al.
(2009) state that low-performing learners benefit from formative assessment of their learning growth. This finding can
also be found concerning learners with weak language skills at the primary school level (Brookhart et al., 2010; Decristan
etal,, 2015). Regarding PA, Gielen et al. (2010) showed that peer feedback improves writing performance, especially for
learners who scored weakly on the pretest. According to Strijbos et al. (2010), a possible explanation for this finding is
that the effectiveness of peer feedback depends on whether the peer is perceived as an expert and the student can really
benefit accordingly.

Results on the differential impact of SA are mixed. Some studies suggest that low-achieving learners benefit from SA
(Ross et al., 1999; Sadler & Good, 2006). On the other hand, Boud et al. (2013) showed that higher education students
with average performance are more likely to gain accurate SA. Given these inconsistent research findings, Panadero et
al. (2016) maintain that more studies should be conducted in "real learning settings” for a " better understanding of what
happens in terms of cognitive, metacognitive, motivational, and emotional processes while students are self-assessing.”
Furthermore, "the differentiation of participants by their achievement levels (e.g., high vs low) would identify the effects
in different kinds of students” (p. 811).

The positive impact of PASA on achievement is often explained in terms of promoting students' metacognitive skills (e.g.,
Pantiwati & Husamah, 2017). Several studies have shown that low performers can significantly improve their
performance through metacognitive training (Cardelle-Elawar, 1995; Pennequin et al., 2010). Compared to high-
achieving students, low performers benefit particularly from metacognitive training (Pennequin et al., 2010). Low-
performing students usually lack the metacognition and self-monitoring that they need to know and measure their
performance (Hill, 2016).

Metacognitive processes enable students to explicitly select and invent strategies by understanding the task
requirements, their available cognitive resources, and their own experiences in solving similar problems (Pennequin et
al,, 2010). In division, the variable and adaptive use of calculation strategies are generally considered an important
prerequisite for successful learning processes in mathematics didactics (Heinze et al., 2009). Therefore, high variability
or a large repertoire of strategies per se is not considered a goal, but an important prerequisite for the selection and
efficient use of strategies, for the learning process and later success in advanced arithmetic (Lindberg et al., 2013).
Adaptive use of strategies is demonstrated when learners choose the strategy, which is optimally suited to the task, their
abilities, and the context (e.g., criteria such as speed) (Hickendorff et al.,, 2019). When children use different strategies
over a longer period, there is an overall trend toward using more advanced and adaptive strategies (Chen & Siegler,
2000).

The extent to which variable and adaptive numeracy skills can be promoted through instruction and, more narrowly,
with formative PASA, has been little researched empirically (Heinze et al.,, 2009). Some initial indications can be found in
Hartnett (2007). According to their results, the number of strategies in whole-number-based addition and subtraction
can be increased in third graders, if they are regularly asked to show their thinking in the lessons.

Independent of the mathematical achievement level, learners use multiple strategies and adaptively apply them to
arithmetic tasks with different difficulty levels (Lindberg et al., 2013; Siegler, 1996). However, a closer look reveals that
learners with weak mathematics performance predominantly use ineffective, less cognitively demanding strategies
(Geary & Hoard, 2005), and use them counter-adaptively (Fagginger Auer et al., 2016).

As mentioned before, particularly low-performing students benefit from metacognitive interventions (Hill, 2016;
Pennequin et al.,, 2010). The presented research findings lead us to the following hypothesis:
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H1a: SA quality and PA quality positively affect strategy variability for division problems (Geurten & Lemaire,
2019).

H1b: Particularly low-performing students (i.e., those with lower grades) benefit from SA quality and PA quality
so that they use more calculation strategies (Ross et al., 1999; Sadler & Good, 2006).

H2a: Strategy variability has a positive effect on performance.

H2b: Particularly low-performing students (i.e., those with lower grades) benefit for their performance from using
more calculation strategies.

Additionally, we explore the mediation effect / indirect path from PA quality and SA quality through calculation strategies
on performance, for which there are no previous findings.

Methodology

In order to be able to record the use of PASA in real learning settings as validly as possible, lessons were video-recorded
and analysed using a coding system and a highly inferential rating system.

Sample and Data Collection

For the study, we selected school classes at the fourth-year primary school level from German-speaking Switzerland. In
six cantons (Aargau, Lucerne, Nidwalden, Obwalden, Uri, and Zug), we contacted a total of 423 school principals from
302 school communities, with a request to support the project and pass on the application forms and informational
material to the teachers of their fourth-year classes. The education authorities of the respective cantons were also
informed about the project and asked for their support in recruiting teachers. In the end, 52 school classes with 52
teachers and 634 students participated in the study. Most participating school classes are from the Canton of Lucerne
(83%, 43 teachers). From the remaining five cantons, 1-3 school classes participated.

In return for their participation in the project, teachers could choose between written feedback on the video-recorded
two lessons or further training at the school in a free one-hour presentation on the research topic. Participation in the
study was voluntary, and the sample entails the self-selection of teachers and/or their school principals.

Due to the relatively time-consuming survey methods, the sample size was kept at 50 classes, as in other related studies
(Beck et al., 2008). This sample size corresponds to the recommendations for multilevel analytical evaluations (Hox,
1998). According to this rule of thumb, a minimum of 30 level-2 units is required to test the fixed effects of level-2 factors
(here, teachers or teaching characteristics) on a dependent variable. With the recruitment of 52 teachers, we exceeded
the target of 50 teachers. Among the students, the planned sample size of 1000 students could not be reached. The
original sample consists of 922 students. In 24 school classes, we excluded students from levels other than fourth-year
(717 students remaining). Fifty-four of the legal guardians refused to allow their child to participate.

Furthermore, we excluded those students from the sample who were ill during the data collection or were mainly taught
by the special education teacher, leaving 634 students for data analysis. Due to missing data in the rating variables of
PASA, there were 384 students included for the main analyses of this paper. Whereas this resulted in a smaller sample
size, there was still sufficient power (.84) to detect a relatively small effect (r =.15).

Data collection was carried out in the first half of 2017. Two lessons in mathematics were video-recorded by each of the
52 participating teachers. In order to ensure comparable framework conditions, the teaching topic "Introduction to
whole-number-based strategy use for division problems"” was specified. The topic is particularly suitable for the
implementation of PASA. The whole-number-based strategy use for division problems enables a variety of approaches
through a large number of possible calculation strategies. According to Schulz and Leuders (2018), the calculation
strategies range from cognitively demanding thought processes (breaking down the divisor or the dividend) to
rudimentary strategies (e.g., successive addition and subtraction). The potential for different calculation strategies
enables the learners to be aware of their ways of thinking (SA) and to share, discuss and determine each other's learning
status (PA).

The whole-number-based strategy use on division problems is a learning content from the mathematics curriculum of
the fourth-year primary class in (German) Switzerland. We assume that the video-recorded lessons represent the
mathematics lessons from the same teachers in general, since subjective theories and teaching scripts can be regarded
as relatively stable (Groeben et al., 1988; Pianta & Hamre, 2009). The teachers were not informed about the project topic
until after the data collection. As in other video observation studies (Hugener et al., 2006; Krammer & Hugener, 2014),
the video recordings were standardised according to a detailed camera script. The video recordings were made by
trained research group members, with the camera always following the teacher. After the video recordings, the students
answered, with the researcher, items in a questionnaire, while the teachers completed a different questionnaire in a
separate room. Before the video recordings and after the topic, the students solved a performance test for division.

Both the teachers and the legal guardians of the pupils involved gave active approval for participation. The parents’
written informed consent was obtained for all students participating in the study, and all data protection requirements
were met. Students with no permission sat outside the range of the camera.
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Participants

The overall study sample included 52 teachers from six Swiss cantons, who teach fourth-grade classes in mathematics
and other subjects. The sample comprised 40 female teachers and 12 male teachers aged 36 years on average (SD = 10.6;
range: 25-60 years), with an average work experience of 10.6 years (SD = 10.3; range: 1.5-39.0 years). They taught an
average of 22.1 lessons of 45 minutes per week in their classes (SD = 5.1; range: 4-29 lessons of different subjects). With
76.9% female teachers in the study, the proportion of women at this school level corresponds to the Swiss average of
76% in 2018 (Federal Statistical Office, 2021).

The sample of 634 participating students consisted of 315 girls and 315 boys; there was no gender information for four
of the children. 35.6% of the students spoke a language other than (Swiss) German with at least one parent. The average
age was 10.5 years (SD = 0.49; range: 9-12.6 years).

Measures

Quantity and Quality of PASA: A coding and a rating tool were developed to determine the frequency and duration (coding)
and quality (rating) of PASA in the video recordings. There was a need to develop new instruments, because those
currently available for monitoring formative assessment in the classroom (Gotwals et al.,, 2015; Oswalt, 2013) are not
designed to measure frequency and quality.

The development of the instruments was guided by both the theory and the data (Pauli, 2012). The detailed development
of the coding and rating system, and the results, are reported in Buholzer et al. (2020). The coding was done in the form
of time samples with intervals of 10 seconds. The codes were used to determine, among other things, the video sections
on PASA in the two math lessons. Ten percent of the video recordings were coded from two project staff members. The
coders achieved high values of reliability (Interrater, PA quantity: Cohen's kappa of 0.95; SA quantity: Cohen's kappa of
0.89).

The quality was then rated for all video sections for which the occurrence of PASA had been coded before. The quality of
PASA was assessed based on three items:

(1) Level of challenge: The assessment task is cognitively activating and demanding. Students must describe and grade
their (SA) or other students (PA) learning process. Students have to justify their assessments.

(2) Guidance, implementation, and teacher support: The teacher supports and guides the assessment of the students.
The instructions for the assessment are clearly formulated.

(3) Use ofthe information gained for further learning and teaching: A discussion takes place on the assessment results.
The results are used for further learning (decisions).

The items were rated on a four-level scale ranging from "not present” (0), "low" (1), "medium" (2), to "high" (3). For each
item, the level of proficiency was precisely defined and recorded in a rating manual. The rating was performed with the
qualitative data analysis program MAXQDA (version 2018). Ten percent of the video material was rated by two people
(Interrater, PA quality: ICC of 0.93; SA quality: ICC of 0.87). For double-rated values, the average value is taken.

Low-Performing and High-Performing Students: To determine who are the low-performing and high-performing students,
we used the mathematics grade of the last semester rounded to half numbers. According to the grading system in
Switzerland, high numbers mean good grades.

Performance Test: The performance test for the division was developed in cooperation with math didactics experts and
based on specialist didactic literature (e.g., Schulz, 2015). The test items include, among other things, seven division tasks
with graded levels of difficulty. The performance test was piloted in two primary school classes (150 students). The
students completed the performance test twice, that is, before and after the lessons on the topic. For a standardised test
correction, an evaluation manual was written. The following values were assigned to the tasks: 0 = wrong, 0.5 = partially
correct, 1 = correct. Ten percent of the performance tests were double coded by the project staff and trained assistants
(Interrater for correction of tasks, ICC of 0.99). For the double-coded values, the code of the project staff member was
taken for the data set.

Variability of Calculation Strategy as Metacognitive Process: For each task of the performance test, the used whole-
number-based calculation strategy was recorded, regardless of whether it was solved correctly. A distinction was made
between the following calculation strategies: 1.) Column-based decomposition of dividend, 2.) Multiplicative
decomposition of dividend, 3.) Decomposition of the divisor, 4.) Multiplicative decomposition of the divisor, 5.)
Analogical transfer (tenfold analogy, analogue task, change in the same direction), 6.) Repeated addition, 7.) Mental
calculation, 8.) Written calculation strategy, 9.) Drawing, 10.) Mixed, 11.) Others, 12.) Zero=blank field (Schulz, 2015).
For each calculation strategy, examples of the individual strategy and coding rules were recorded in a manual. Ten
percent of the performance tests were double coded (Interrater for strategy coding, Cohen's kappa of 0.91). Since the
performance test was carried out twice, values of the strategies used are available for two measurement points.
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Analysing of Data

Given the grouped structure of the data due to clustering in school classes, multilevel models were used for all research
questions. More precisely, in all regression analyses, a random intercept for school class was included. The diagram in
Figure 1 describes the moderated mediation of interest.

Grade
T | 2b

/ 2a

Grade

Figure 1. Path diagram of the moderated mediation.

We assume that PA quality and SA quality affect the metacognitive processes, operationalised as the variability of
calculation strategies (direct paths, Hypothesis H1a), which affects performance (direct path, Hypothesis H2a). Both
effects are moderated by the achievement level of the students, measured using the grade, meaning that the effects
change depending on grade. Specifically, we assume that the effect is larger for students with lower grades (see
Hypothesis H1b and H2b).

We estimated two models - Model 1 describes the direct path 1a and the moderation effect of grade 1b, and Model 2
describes the direct path 2a and the moderation effect of grade 2b.

The first model is used to estimate the moderated effects of the level 2 predictors SA quality and PA quality on the level
1 mediator use of more calculation strategies. The predictor variables in the model are: SA quality, PA quality, grade, the
product of SA quality and grade, the product of PA quality and grade, and strategies T1. Strategies T1 is the measurement
of the variability of strategies at time point 1, which is used to control the baseline level of the variability of strategies.
Gender was included as a covariate. We are interested in the variability of strategies over time caused by high SA quality
and PA quality.

The second model is used to estimate the moderated effect of the level 1 mediator strategies on the dependent variable
of performance, controlled for the effect of SA quality and PA quality. Performance was measured by student performance
in the division test at time point 2. Performance in the division test at time point 1 was included as a predictor, since we
are interested in the performance gain. Thus, the predictor variables in Model 2 are: strategies (T2), SA quality, PA quality,
grade, gender, the product of SA quality resp. PA quality and grade, the product of strategies and grade and performance
(T1).

All analyses were conducted using R (R Core Team, 2020), and for the multilevel analyses, the packages "lme4" (Bates et
al,, 2015) and "ImerTest" (Kuznetsova et al., 2017) were used. Before running the multilevel analyses, all variables were
scaled to have zero mean and unit variance. For conducting a multilevel regression, assumptions of normality and
homogeneity of variances were checked. Normality was investigated by inspecting the histogram of residuals. One-way
ANOVA and ICC(1) were calculated to test for non-independence of both strategies and performance.

Results
Descriptive Analysis
Quantity and Quality of PASA: PA was implemented by 88%, i.e., 46 of the 52 teachers. On average, 9.26 minutes (SD =
7.19; range: 0.83-33.17 minutes) was spent on PA during the two lessons. These 9.26 minutes make up 11.37% (SD =

8.89; range: 0.95-39.48%) of the mathematics teaching time. The average mathematics teaching time is 81.58 minutes
(SD = 6.41, range: 60.66-92.00 minutes).

SA was observed for 40 teachers (77%) during an average of 1.10 minutes (SD = 0.88; range: 0.17-3.33 minutes) or 1.36%
of the mathematics teaching time. The SA video clips were too short (less than 10 seconds) for two teachers, so that no
quality rating could be made.

The rating results show that with M = 1.70, there is average PA quality, and a low SA quality of M = 1.14 (see Table 1).
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Regarding the items, the teachers support and implement PASA relatively well. The cognitive demand of PASA is, on
average, rather low, especially for SA. Furthermore the information gained from the assessments is rarely used for further
learning.

Table 1. Items of PASA Quality.

PA SA
No Item M SD M )
1. Level of Challenge 1.73  0.77 1.04 .59
2. Guidance, Implementation and Teacher Support 198 0.80 1.30 .65
3. Use of Information Gained for Further Learning and Teaching 1.39 090 1.10 .98
Average Quality 1.70 0.74 1.14 0.53

Note: SAn = 38, PA n = 46. Rating Scale: 0 = not present, 1 = low, 2 = medium, 3 = high.

Variability of Calculation Strategies: 617 of the 634 participating students took the performance test with the seven
division tasks at the second measurement point. Students most frequently used the calculation strategy of column-based
decomposition of dividend for 56.7% of the division tasks. This strategy was also most often taught in the two
introductory lessons. The students used mental calculations for 2.1% and written calculation strategies for 1.2% of the
tasks. The mixed, analogical transfer methods, multiplicative decomposition of the dividend, decomposition of dividend,
and repeated addition were used for less than 1% of the tasks. 2.9% of the tasks were solved with strategies that could
not be further determined. The students never applied the strategies of multiplicative decomposition of divisor and
drawings. 32.3% of the task fields remained empty. The number of calculation strategies used in the performance test
was calculated for each student. On average, students used 1.32 strategies at time point 2 (see Table 2).

Performance: Since performance is measured as the sum of seven binary variables, Table 2 shows that students on
average solved half of the test items correctly (M = 3.50).

Table 2. Sample sizes, correlations, omega, means and standard deviations of predictors, mediator and outcome variable.

Variable n 1 2 3 4 5 6 7 M SD
Predictors (Level 2)

1 PA Quality 46 - 1.70 0.74
2 SA Quality 38 25%* - 1.14 0.53
Mediator (Level 1)

3 Strategies (T2) 634 .09* .05 - 132  0.63
Moderator (Level 1)

4 Grade 616 .02 .04 -.02 - 5.00 0.64
Outcome (Level 1)

5 Performance (T2) 617 .00 .00 .00 53** - 3,50 212
Covariates (Level 1)

6 Strategies (T1) 634 .10* .02 1+ 26%* 39% - 1.10 0.80
7 Performance (T1) 622 .08 -01 .07 37** ST 41 - 1.03 141
8 Gender 630 -.07 -.05 -.02 .00 09* .07 .00 050 -

Note: * p<.05, two-tailed, ** p<.01, two-tailed. Gender is coded with 0 = male and 1 = female. Note that all correlations
reported here were calculated at the individual student level (Level 1).
Internal consistency of ratings: Omega (SA Quality) = .84, Omega (PA Quality) = .92

Effects of PASA Quality on Student Variables

The ICC(1) for strategies is 0.00, with the ANOVA not being significant (F(1,615) = 0.20, p = 0.65) and for performance,
the ICC(1) is 0.02 with the ANOVA being significant (F(1,615) = 6.07, p = 0.01). For consistency, we decided to run
multilevel analyses for both regression models, despite the mediator strategies being independent of class.

Both models were tested against their corresponding null model - a random intercept model without any predictors.
Both chi-square tests yielded a significant result (¥, 21(7), = 23.08, (%, 22(9) = 209.48).

The results of both multilevel model estimations can be obtained from Table 3.
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Table 3. Regression coefficients and standard errors for multilevel regression analysis.

Model 1 (Strategies T2 as DV) Model 2 (Performance T2 as DV)

B SE B SE
PA Quality .08 .07 .03 10
SA Quality -.01 .07 -.05 .08
PA Quality: Grade -.05 .04 -.02 .03
SA Quality: Grade - 12* .04 .00 .03
Grade .00 .05 38** .04
Strategies (T1) .08 .05 - -
Strategies (T2) - - -.01 .03
Strategies (T2): Grade - - =10 .03
Performance (T1) - - 27 .03
Gender -12* .04 .07 * .03

Note: n= 384, * p < .05, two-tailed, ** p < .01, two-tailed.
Gender is coded with 0 = male and 1 = female.

The left column shows the results for the regression on the mediator strategies T2 (path 1a). The data did not support
our Hypothesis 1a, since the two direct-path main effects, PA quality and SA quality on strategies, were not evident.
Across all students, there is no effect of PA quality or SA quality on strategies. However, the interaction of SA quality with
grade (Hypothesis/path 1b) was significant. The interaction is negative, meaning that the lower the grade, the higher the
influence of SA quality on strategies. These findings align with our Hypothesis 1b, that low-performing students benefit
from high SA quality by using more strategies.

The right column of Table 3 shows the results for the regression on the dependent variable performance (path 2a). Again,
there is no direct-path main effect of 2a strategies on performance, which means our Hypothesis 2a could not be
supported. Across all students, the number of strategies used does not have any particular influence on student
performance. Nevertheless, the interaction of strategies with grade was found to be significant. This interaction is
consistent with Hypothesis 2b, that low-performing students benefit from using more strategies.

Regarding the covariates grade, it is not surprising that grade has a very substantial influence on performance. The
observed influence of gender on the two dependent variables is too weak to be interpreted without a prior hypothesis.

The moderated mediation results are summarised in Figure 2, where the coefficients are the results for the interaction
terms (moderation).

Grade

J -10%

Strategies | — > | Performance
SA qualit /

Figure 2. Path diagram of the moderated mediation with results for the interaction terms.

Subsequent analyses were only run for the model with SA quality as a predictor since here, the interaction term was
significant on a .05 level. To further investigate the nature of this moderated mediation, we ran two additional analyses.
First, we tested the overall mediation effect for four different values of grade (3, 4, 5, and 6), using the R package
"mediate" (Tingley et al.,, 2014). The results only show a significant average causal mediation effect (ACME) for low-
performance students with grade = 3 (ACME = 0.11, p = 0.04). The other three grade levels yield non-significant ACME's
(see Appendix 1).

We further examined the moderation effect of the two single paths by conducting simple-slope analyses for the two
significant moderation effects from Table 3. Figures 3 and 4 show four lines for the slopes of grades 3, 4, 5, and 6. Figure
3 clearly shows that only for low-performing students with grade 3 (dark line), do higher SA quality values increase
strategies. The effect is almost zero for the other groups, being even slightly negative for high-performing students (grade
=6).
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Strategies

Grade 3

Grade 4

Grade 5

Grade 6

10 15 20 25 30
SA quality

Figure 3. Simple slopes of the effect of SA quality on strategies for different grades.

The coefficients for the simple slopes are: 3: .37% 4:.18., 5: -.02, 6: -.20*
p <.10, two-tailed, * p <.05, two-tailed
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Figure 4. Simple slopes of the effect of strategies on performance for different grades.
The coefficients for the simple slopes are: 3: .31% 4: -.15% 5:-.02, 6: -.17%p <.10, two-tailed, * p <.05, two-tailed

Figure 4 shows how different low- and high-performing students benefit from using more strategies, which only helps
low-performing students to achieve better results in the performance test (dark line). Again, for medium-performing
students, strategies barely affect performance, and for high-performing students, it even has a negative effect.

Discussion

This study aimed to determine how often and with what quality PASA occurs in everyday mathematics instruction, which
students benefit, and what role calculation strategies play. Unlike many other studies on PASA, this study records real in-
class behaviour, external observers rate the quality of PASA and relate it to student performance.

In the present study, the percentage of teachers implementing PASA in the classroom is relatively high (PA: 88%, SA:
77%), compared to the few studies, which all (in any event) report teacher self-evaluations (Cheng & Wang, 2007;
Schmidt, 2020). The average duration of PASA (11.37% or 1.36% of the mathematics teaching time) is short, but reveals
alarge range of variation. Comparative values from other studies are not known.

The results of the quality rating indicate a low to medium quality of PASA. On the four-point scale (0 - 3), the quality of
PA was rated higher (M = 1.70) than SA (M = 1.14). Of the three quality aspects investigated (level of challenge, teacher
support, and use for further learning), the level of challenge, i.e., the cognitive activation of PASA, is, on average, rather
low.

These results are largely consistent with the findings of the observational ratings of Gotwals et al. (2015) and Oswalt
(2013), who also found quality scores in the lower scale range for PASA. By contrast, findings based on teacher self-
reports (e.g., Altmann et al.,, 2010; Schmidt, 2020) yield much more positive results.

A direct path from the quality of PASA to the use of different calculation strategies and further, to the mathematics
performance, could not be found. Unlike other studies (e.g. Bot, 2020; Ohadugha et al., 2020), including the meta-studies
of Brown and Harris (2013), Double et al. (2019), Graham et al. (2015), and Sanchez et al. (2017), which found effects of
PASA on performance, the present study was unable to show effects for all learners. In addition to the studies that showed
effects, the meta-study from Brown and Harris (2013) contained studies with no or small effects, where the assumption
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is that the quality is too low to show an overall effect on performance. The present study, with the missing main effects
for all students, confirms this assumption.

The multilevel analysis results provide initial evidence that SA (rated within everyday mathematic teaching) is beneficial
to some students. The interaction effects suggest that low-performing students (i.e. those with lower grades) benefit from
quality SA in expanding their repertoire of strategies. One explanation for the different effects on the students could be
that SA does not take on the same meaning for all learners. SA targeted all learner encounters with heterogeneous
learning prerequisites in terms of mathematical knowledge and strategy use and can therefore not trigger metacognitive
processes equally for all learners (Panadero et al., 2016). According to Siegler (2007), the development of strategies
occurs over different phases and not at the same rate for all students. While some learners are introduced to the
strategies, others are already familiar with different strategies, have tested their effectiveness, and adopted the
appropriate strategy. Due to these heterogeneous conditions, differential effects of PASA are to be expected. The present
study shows that expanding their repertoire of strategies helps low-performing students improve their performance. SA
triggers metacognitive thinking processes in low-performing students. Expanding the repertoire of strategies leads to an
adaptive adjustment of one's abilities and tasks, thus indirectly improving mathematical performance. The results
confirm the research findings of Ross et al. (1999) and Sadler and Good (2006), who also demonstrated the benefits of
SA, primarily for lower performers. Low-performing students often have lower metacognitive knowledge (Miller &
Geraci, 2011), stimulated and enhanced by high quality SA. Although the found interaction effects were relatively small,
they can matter in the long run. That is, single events accumulate over time into important effects, even when the
measured effects at a certain time are small (Funder & Ozer, 2019).

The same effects could not be proven for PA. The quality of PA was rated higher than for SA, but there was no effect on
the low-performing students. The learners in PA deal with their peers' solution paths and results (Strijbos & Wichmann,
2017). In contrast, SA can be viewed as learners giving feedback to themselves, which eliminates corrective and
sometimes hurtful feedback from peers and teachers. Furthermore, PA can be more challenging for low-performing
students than SA; PA requires knowledge and skills of the core task and the implementation of PA. Low-performing
students rarely have the appropriate mathematical knowledge to place themselves in a peer's thinking process and
understand the solution path (Strijbos & Wichmann, 2017). The impact of formative PA depends not only on the quality
and content of the feedback received, but also on the recipient's feedback processing depth. The processing of PA is
influenced by cognitive, social, and motivational factors, including the perceived expertise of the sender or beliefs about
PA (Deiglmayr, 2018). Since this information on the individual interactions and the people involved is missing, further
explanations for the missing effects of PA are difficult to provide.

High-performing students in this study do not benefit from either quality PA or SA, which does not necessarily mean that
they do not benefit from PASA quality for their learning process. At the end of the learning topic, high-performing
students had already completed the phase of trying out different strategies. They consolidated one strategy for
themselves at the second performance measurement.

Conclusion

The occurrence, quality, and effects of PASA were investigated in everyday lessons by coding video-recorded lessons and
assessing them with external raters. The results provide evidence of real classroom practice and are thus ecologically
more valid than the (quasi-)experimental studies usually conducted in this field of research.

PASA is carried out in everyday teaching by a comparatively large number of teachers, but only for a relatively short
duration and tends to be of medium (PA) or low (SA) quality. However, the differences between teachers concerning time
and quality are large.

Effects of SA on low-performing students are evident in the case of qualitatively well-conducted SA. Good quality SA has
a positive effect on low-performing students' use of different calculation strategies. Metacognitive thinking,
operationalised as the use of different calculation strategies, positively affects low-performing students' performance.

From the results, it can be concluded that SA, if implemented qualitatively well, positively affects the learning process.
The overall effectiveness of SA, and possibly PA, could be increased by more frequent occurrence and good quality
implementation. The high variance of the results of the quantity and quality of PASA confirm the conclusions of Grob et
al. (2019) that more formative assessment practices are possible and desirable.

With the use of good quality SA, low-performing students can be supported. So, good quality SA may help to reduce the
gap between low- and high-performing students.

Recommendations

Regarding PASA rating, other studies show that the observation of cognitive activation, in our study contained in the level
of challenge, requires more observation time. Due to the wider variety of cognitive activation and further possibilities of
influence, Praetorius et al. (2014) recommend nine hours of observation time. Furthermore, new research findings
suggest the need for a subject-specific concretisation of the cognitive activation, especially regarding the quality,
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completeness, and type of content (Reusser & Pauli, 2021). A more subject-didactic orientation of the PASA observation
instrument with a longer observation period should be considered in further studies.

According to the overlapping waves theory (Chen & Siegler, 2000; Siegler, 2002), different strategies are always available
for selection throughout development. Thus, it can be assumed or should be examined in further studies, whether good
SA also reveals the same effects at other age levels and with other subjects, where adaptive strategy selection can
effectively improve performance. Furthermore, it would be useful to examine whether good SA reveals an advantage in
high or middle-performing students, for example, by measuring performance and strategy variability at different points
in the learning process. It could well be the case that high- or middle-performing students benefit from good quality SA
more at the beginning of the learning process and not at the end, where we measured the variability of strategy use and
the performance.

Concerning teaching practice, it could well be the case that for PASA to have a strong impact, it needs to be an active part
of the curriculum with an overall high-quality level. The overall effectiveness of PASA could thus be increased by the
more frequent occurrence of good quality PASA. As Heritage (2020) mentioned, the implementation of PASA is an issue
of professional learning. Teachers need to be able to design lesson structures and routines so that opportunities for PASA
can be built into the rhythm of teaching and learning.

Limitations

The project sample can be considered relatively large compared to other video studies (Gotwals et al., 2015; Lyon et al.,
2019; Oswalt, 2013; Ruiz-Primo & Furtak, 2006). However, the size is still too limited for in-depth analyses of specific
emerging patterns of formative assessment. In addition, positive selection can be assumed in the sample's composition,
since the participating teachers had to agree to be videorecorded while teaching.

Concerning the study design, previous studies that demonstrated the effects of PASA on performance were (quasi-
Jexperimental, resulting in large differences between groups, and performance measures adapted to the intervention.
Within our study, differences in PASA between classes were smaller, and consequently, many other aspects might have
also influenced performance. Furthermore, in contrast to (quasi-)experimental studies, the PASA practices in everyday
mathematics teaching are not linked to the outcomes under investigation. Therefore, large effects cannot be expected in
this context (Kraft, 2020).

Causal statements are also problematic, because the present study is not based on an experimental design. Therefore,
statements can only be made about the correlations between quality SA and an expansion of the repertoire of strategies
among low-performing students.

The reported results on PASA quality in the classroom apply only to fourth-year mathematics classes in (central)
Switzerland. Generalizability to other subjects and school levels is very limited, as there is evidence that formative
assessment is quite domain-specific (Maier, 2011) and may also vary across school levels (Biirgermeister, 2014).
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Appendix
Confidence intervals and p-values of ACME's from moderated mediation analysis
Grade =3 Grade =4 Grade =5 Grade = 6
CI 0.003-0.28 -0.005-0.08 -0.005-0.01 -0.0005-0.09

p 0.039 0.12 0.98 0.057




