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ABSTRACT

Keywords:

In this study, the mediating roles of perceived teacher support and students’ mathematics self-beliefs on
the feedback process were investigated in The Programme for International Student Assessment (PISA)
context in Turkey. PISA 2012 mathematics scores and questionnaire responses of 4848 15-year-old
students were analyzed. Results indicated that perceived feedback was positively related to math self-
concept and negatively related to math anxiety. The investigated indirect effects were partly confirmed:
perceived feedback was indirectly related to students' mathematics achievement via perceived teacher
support and math self-efficacy. Also, perceived feedback showed an indirect effect on students'
mathematics achievement via math anxiety. However, the influences of perceived teacher support on
math self-concept and anxiety, and the mediating role of math self-concept were not supported. The
results suggest the importance of investigation of mediated effects of teachers' support and students' self-
beliefs between teachers' feedback and mathematics achievement. These relationships may help to
understand how teacher's feedback influences mathematics achievement.

Perceived feedback, Perceived teacher support, Self-beliefs, PISA 2012 mathematics achievement

Matematik basarisini yordama: Algilanan geri bildirim, 6gretmen

0z

Anahtar
Kelimeler:

destegi ve 6z-inanglarin rolii

Bu ¢aligmada, algilanan 6gretmen desteginin ve 6grencilerin matematik ile ilgili 6z-inanglarinin geri
bildirim siirecindeki araci rolii Uluslararas1 Ogrenci Degerlendirme Programm (PISA) Tiirkiye verisi ile
incelenmistir. Tirkiye' de 15 yasindaki 4848 6grencinin PISA 2012 matematik puanlar1 ve anketlere
verdikleri cevaplar analiz edilmistir. Elde edilen sonuglar, algilanan geri bildirimin matematik 6z-
benligiyle pozitif, matematik kaygisiyla da negatif iliskili oldugunu gostermistir. Caligmada incelenen
dolayli etkiler kismen dogrulanmuistir: algilanan geri bildirim, algilanan 6gretmen destegi ve matematik
6z-yeterligi araciligiyla dolayli olarak matematik basarisiyla iliskilidir. Ayrica algilanan geri bildirimin,
Ogrencilerin matematik basarisiyla, matematik kaygisi1 araciligryla da dolayl olarak iliskili olabilecegi
goriilmiistiir. Bununla birlikte sonuglar, algilanan 6gretmen desteginin 6grencilerin matematik 6z-giiveni
ve kaygisi lizerindeki etkilerini ve matematik 6z-giiveninin 6gretmen davranislar1 ve bagar1 arasindaki
araci roliinii desteklememistir. Bulgular, 6gretmen destegi ve dgrenci 6z-inanglarinin, 6gretmenin geri
bildirimi ile matematik basarisi arasindaki araci roliiniin incelenmesinin 6nemli olabilecegini isaret
etmektedir. Bu iligkiler 6gretmen geri bildiriminin matematik basarisini nasil etkileyebilecegini
anlamaya yardimci olabilir.

Algilanan geri bildirim, Algilanan 6gretmen destegi, Oz-inanclar, PISA 2012 matematik basarist
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INTRODUCTION

The teachers and the students are the two main actors in the educational stage. Naturally, the influence
of these actors' behaviors on one another's endeavors has been an important topic in educational
research. The association amongst teachers' feedback and students' motivational beliefs and achievement
is one of these kinds of crucial research topics (Heritage, 2010).

Feedback is a critical component of formative assessment. It refers to all kinds of information provided
by teachers to students regarding the aspects of their learning (Hattie & Timperley, 2007; Havnes, Smith,
Dysthe, & Ludvigsen, 2012). The crucial potential of feedback is that it may contribute to reduce the
gap between students' current and desired performances (Black & William, 1998; Black & William,
2009; Torrence & Pryor, 1998). There is a growing body of research emphasizing the positive role of
teachers' feedback on students' performance in the teaching and learning process (Hattie, 2012).

However, it seems that due to the quite complex nature of relations among teachers' feedback and
various student outcomes, there is a need for further research to better understand how feedback
influences the outcome (Murtagh, 2014; Rakoczy et al., in press; Thurlings, Vermeulen, Bastiaens, &
Stijnen, 2013). As Thurlings et al. (2013) indicate, it is not only the direct relations to investigate
between the feedback and, say, students' mathematics achievement. It is also highly possible that there
are some additional variables in the learning environment that may influence and mediate the feedback
process. For example, it might be that teachers' feedback increases students' motivation and, hence, their
achievement. In such a situation, regression models which account for the mediating roles of variables
are required. Mediational models make it possible to see not only the direct relations, but also how
teachers' feedback influences student outcomes indirectly via some other variables in the learning
environment.

Besides, constructing a mediational model to test requires a convenient theoretical framework. The
socio-cultural theory provides such a framework to hypothesize complex relationships among variables
related to teachers' feedback and students' achievement (Li, 2016; Thurlings et al., 2013). According to
the social cultural perspective, students learn through their social interactions with others (Vygotsky,
1978). Similarly, any feedback received by students may promote student-teacher interactions in the
classroom (Skipper & Dougles, 2015). Feedback to students involves supportive teacher behavior
(Torrence & Pryor, 1998). When teachers use feedback effectively to guide and modify students'
learning, they engage more with students; when students receive feedback from their teachers about
their learning, they are more likely to perceive their teacher as being more supportive. However, few
studies have explored how teachers' feedback influences the students' perception of teacher-student
relationships (e.g., Skipper & Dougles, 2015).

More specifically, research focused on mathematics learning indicates that teachers' feedback may
provide opportunities for students to correct their mistakes in mathematics, and may positively affect
students' motivational beliefs or achievement (e.g., Harks, Rakoczy, Hattie, Besser, & Klieme, 2014;
James, Amos, & Adeniyi, 2013; Nunez-Pena, Bono, & Suares-Pellicioni, 2015; Ofem, Idika, & Ovat,
2017; Pinger, Rakoczy, Besser, & Klieme, 2018; Rakoczy, et al., in press). Similarly, research showed
that teacher support also influences students' motivation and mathematics achievement (Ahmed,
Minnaert, van der Werf, & Kuyper, 2010; Yildirim, 2012). In a recent study, Ozkal (2018) demonstrates
that teachers' supportive behavior positively affects students’ motivation to engage in mathematics.
Thus, the findings of the literature suggest that perceived feedback and teacher support have the potential
to affect the students' motivational beliefs, and their subsequent achievement in mathematics. In line
with social cultural perspectives, it is expected that teachers' feedback might influence students'
motivational beliefs and achievement indirectly via teacher support.
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In this study, we focused on self-beliefs as components of motivational beliefs. A recent study reported
that self-beliefs (such as mathematics self-efficacy, self-concept and anxiety) appear to be strong
predictors of mathematics achievement (Stankov & Lee, 2017). Self-concept and self-efficacy are
conceptually different structures about students' own ability (Bong & Clark, 1999; Bong & Skaalvik,
2003; Morony, Kleitman, Lee, & Stankov, 2013). Self-concept describes a student's conception or
perception of their abilities and competencies (Schunk & Pajares, 2005), and is influenced by their
experiences and interpretations about social comparisons (Bong & Skaalvik, 2003), such as students
comparing themselves with their classmates. In contrast, self-efficacy refers to a student's cognitive
judgment on how they could succeed in a given task (Bandura, 1997; Bong & Skaalvik, 2003; Pajares,
1996). Research findings suggest a positive relationship between self-efficacy and mathematics
achievement (Peters, 2013; Zajacova, Lynch, & Espenshade, 2005), and self-concept and mathematics
achievement (Obilor, 2011; Pipere & Mierina, 2017; Wang, Osterlind, & Bergin, 2012). On the other
hand, anxiety refers to a student's negative emotional feeling and reaction about performing a task, and
is related to the negative forms of self-efficacy and self-concept (Morony et al., 2013). Studies have also
shown that anxiety is a negative significant predictor of mathematics achievement (e.g., Metallidou &
Vlachou, 2007; Yildirim, 2012). Studies have indicated that teacher feedback to students has an
important influence on students' self-beliefs. Students perceiving feedback from their teachers are less
likely to be anxious about their mathematics learning (Nunez-Pena et al., 2015; Ugodulunwa & Okolo,
2015). Similarly, Burnett (2003) indicates that teacher feedback predicts students’ mathematics self-
concept positively. Findings of a recent study by Rakoczy et al. (in press) also support the view that
self-efficacy beliefs may have a potential to mediate the relationship between teacher's feedback and
mathematics achievement. Similarly, previous research indicates that teacher support may be indirectly
related to mathematics achievement via self-beliefs (e.g., Ahmed et al., 2010, Yildirim, 2012).
Therefore, it is expected that teacher's feedback and support might be both directly, and indirectly,
related to mathematics achievement via self-beliefs.

The present study

Overall, the literature suggests a complex picture of effectiveness regarding the feedback mechanism in
learning contexts. Some of the questionnaire items introduced in PISA 2012 are related to students'
perceptions of teacher behaviors in the mathematics classroom, and to their mathematics self-beliefs.
These items align well with the conceptual framework of this study. Drawing on this data, the purpose
of this study is to investigate the relations among perceived feedback, perceived teacher support, self-
beliefs and mathematics achievement. Our primary interest is the underlying mechanism of the feedback
process. Therefore, in line with the theoretical and empirical foundations of the relations as explained
above, we formulated the following research questions: 1) Is there an effect of perceived feedback on
perceived teacher support?; 2) Are there any effects of perceived teacher behavior (feedback and
support) on students' math self-beliefs (self-efficacy, self-concept, anxiety)?; 3) Are there any effects of
perceived teacher behavior (feedback and support) and students' math self-beliefs (self-efficacy, self-
concept, anxiety) on students' mathematics achievement?; 4) Is there an indirect effect of perceived
feedback on math self-beliefs (self-efficacy, self-concept, anxiety) via perceived teacher support?; 5)
Are there any indirect effects of perceived feedback on students' mathematics achievement via perceived
teacher support and math self-beliefs (self-efficacy, self-concept, anxiety)?; 6) Is there an indirect effect
of perceived teacher support on mathematics achievement via math self-beliefs (self-efficacy, self-
concept, anxiety)? The conceptual model presented in Figure 1 summarizes these complex relationships.

L
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I — teacher ath Math
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Figure 1. The conceptual model
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Although similar relations have been studied in different learning domains, e.g. reading (Li, 2016),
findings on secondary students' mathematics learning are not so abundant (Harks et al., 2014; Pinger et
al., 2018). Moreover, these theoretical relations might be influenced by demands of different educational
systems. As suggested by Caro, Lenkeit and Kyriakides (2014) some teaching behaviors do not work
equally across different populations. Therefore, further research is required to closely examine the
effects of teachers' teaching behaviors in different educational settings. We investigated these relations
in the context of PISA 2012 mathematics domain in Turkey. Considering Turkey's low mathematics
achievement in PISA, the current study may provide some insight into this poor performance. This
research may lead to enhance the generalizability of the relations, and to the development of intervention
programs related to teachers' feedback practices. Nevertheless, results of this study will not provide
causal relationships due to cross-sectional design of PISA studies.

This study also takes into account the gender and SES differences as control variables. In the literature,
there is evidence that students' gender may influence their perception of teacher feedback (Carvalho,
Santos, Conboy, & Martins, 2014; Chen, Thompson, Kromrey, & Chang, 2011; Havnes et al., 2012)
and teacher support (Gasser, Griitter, Buholzer, & Wettstein, 2018; Hajovsky, Mason, & McCune,
2017). Research also showed that boys report more positive self-beliefs than girls in mathematics
(Kvedere, 2014). Similarly, there is also evidence that family-SES may be positively related to students'
motivational beliefs (Koutsoulis & Campbell, 2001) and achievement (Cift¢i & Cin, 2017; Valero et al.,
2015). In addition, Fan, Williams and Corkin (2011) demonstrate that SES related factors may also
influence students' perceptions of school climate such as teacher-student relationships.

METHODOLOGY

Research Design

In this current study, researchers aim to understand the indirect causal relationship between perceived
feedback and mathematics achievement via perceived teacher support and mathematics self-beliefs.
Therefore, the research design for this study is correlational research which is analyzed through
guantitative methods. This design enables researchers to investigate a theory based relationship between
a set of variables (Fraenkel, Wallen, & Hyun, 2012).

PISA Design

The Programme for International Student Assessment (PISA) studies is an ongoing study to measure
how well students at age 15 are prepared to meet demands of the knowledge society. To this purpose,
PISA administers cognitive tests and context questionnaires on the domains of reading, mathematics,
problem solving and science. The PISA 2012 study focused on mathematics as a major domain (OECD,
2013).

Participants

Data from PISA 2012 Turkish sample were used. Specifically, we used the responses of 4848 students
from 170 schools. Sampling procedure of PISA studies is a two stage stratified design by which first
schools are sampled with probabilities proportional to school sizes, and then students are sampled within
the sampled schools with the equal probability cluster sampling (OECD, 2014). Girls comprised 51%
of the sampled students. The grade levels of students varied from 7th to 12th (7th grade, .4%; 8th grade,
2%; 9th grade, 27.2%; 10th grade, 66%; 11th grade, 4%; 12th grade, .3%).
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Variables

Details on the reliabilities and construct validation of PISA scales are reported in the PISA 2012
Technical Report (OECD, 2014). Constructs studied in this current research are limited by the student
questionnaire items from the PISA 2012 study (OECD, 2013).

Mathematics Teacher Behaviors

Perceived feedback (TCHBEHFA): There are four items in the questionnaire that measure the
perception of feedback, or what PISA labels as "formative assessment”. Students reported how often
(on a four degree Likert scale from™ every lesson" to "never or hardly ever") the following four situations
happened in their mathematics classes; "the teacher tells me about how well | am doing in my
mathematics class”, "the teacher gives me feedback on my strengths and weaknesses in mathematics",
"the teacher tells us what is expected of us when we get a test, quiz or assignment"”, and "the teacher
tells me what | need to do to become better in mathematics". These items align with the prior research
on feedback scale development (e.g., Carvalho et al., 2015).

Perceived teacher support (MTSUP): Similarly, PISA 2012 assessed teacher support via students'
responses on how often (on a four degree Likert scale from "every lesson” to "hardly ever") the
following five situations happened in their mathematics lessons; "the teacher shows an interest in every
students' learning", "the teacher gives extra help when students need it", "the teacher helps students with
their learning”, "the teacher continues teaching until the students understand”, and "the teacher gives

students an opportunity to express opinions".
Self-beliefs

Mathematics self-efficacy (MATHEFF): This scale was constructed using student responses of how
confident they felt (on a four degree Likert scale from "very confident" to "not at all confident™) about
doing the following eight specific tasks; "using a train timetable to work out how long it would take to

get from one place to another”, "calculating how much cheaper a TV would be after a 30% discount”,
"calculating how many square meters of tiles you need to cover a floor", "understanding graphs
presented in newspapers", "solving an equation like 3x+5=17", "the actual distance between two places

on a map with a 1: 10.000 scale", and "solving an equation like 2.(x+3)=(x+3).(x-3)".

Mathematics self-concept (SCMAT): This scale was constructed via student responses to a four degree
Likert scale from strongly agree to strongly disagree. The five statements about students' perceived
competence were; "I am just not good at mathematics", "l get good grades in mathematics", "l learn
mathematics quickly”, "I have always believed that mathematics is one of my best subjects”, and "In my
mathematics class, | understand even the most difficult work".

Mathematics anxiety (ANXMAT): Similarly, this scale was constructed using student responses of how
they agree (on a four degree Likert scale from "strongly agree" to "strongly disagree") with the five
statements when dealing with mathematics; "I often worry that it will be difficult for me in mathematics
classes”, "I get very tense when | have to do mathematics homework", "I get very nervous doing
mathematics problems”, and "I feel helpless when doing a mathematics problem™.

Controlling variables students' gender and socio-economic status (SES)
Considering students' gender and SES in the analyses provided an opportunity to determine the effects
of these variables on teacher support, self- beliefs and achievement, and to estimate the relations among

the variables controlling for gender and SES. SES (ESCS) as measured in PISA is an index variable
constructed using students' parental occupational status and home possessions.
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Student mathematics achievement

In PISA studies students answered different test booklets and their proficiency scores were obtained
using the Rash modeling methodology. There were five proficiency scores (plausible values) in PISA
2012 mathematics data. In the present study, analyses were conducted for each plausible value, and then
the statistics obtained from each of the analyses were aggregated to get the final estimates using HLM
6 (Raudenbush, Bryk, & Congdon, 2004).

Analyses

The variables we used had missing values (35% each, due to the rotated design) in PISA 2012
questionnaire data (OECD, 2014). Therefore, prior to conducting the regression analyses, we imputed
missing in all variables of interest with the Predictive Mean Matching (PMM) method (Kaplan & Su,
2016; van Buuren & Groothuis-Oudshoorn, 2011) using the MICE (multiple imputation by chained
equations) package in R (R Development Core Team, 2017). The IEA IDB analyzer (IEA, 2017) was
used to estimate the descriptive statistics and the correlations between the variables.

Due to the hierarchical structure (students within schools) of the PISA data, we used the two-level
multilevel model using HLM 6 (Raudenbush, Bryk, & Congdon, 2004). We performed sequential
multilevel regression analyses using the centering within context with reintroduction of the subtracted
means (group mean centering approach) (Zhang, Zyphur & Preacher, 2009). Researchers suggest that
the group mean centering is appropriate when the primary interest is predictors at level 1 (in this study
at student level) (Enders & Tofighi, 2007). At the student level, variables (perceived feedback, math
teacher support, math self-efficacy, math self-concept and math anxiety) and control variables (gender
and SES) were inserted into the models. In the analyses, total student weight and school weight were
used. All variables were standardized prior to the HLM analyses. Intra-class correlation coefficients
(ICC) were estimated using the results of random effect ANOVA (Raudenbush & Bryk, 2002). Also,
the joint significance test was used to calculate the level of statistical significance of the indirect effects
(Leth-Steensen & Gallitto, 2016; Taylor, Mackinnon, &Tein, 2008). We used the Zhao, Lynch and Chen
(2010) classification to test the indirect relations investigated in the study.

FINDINGS

We first examined the association among the variables. Table 1 reports the zero-order correlations
among the scales, means and standard deviations. Then we examined the intra-class correlations for the
dependent variables. Results indicated that ICC was 6% for perceived math teacher support, 19% for
math self-efficacy, 2% for math self-confidence, 2% for math anxiety, and 68% for PISA math
achievement.

Table 1.
Descriptive statistics and correlations
Variables Mean SD 1. 2. 3. 4. 5. 6. 7.
1. Perceived feedback .18 1.03
2. Perceived teacher support .35 1.06  .48™
3. Math self-concept -.05 .93 18" .08™
4. Math self-efficacy -.08 .86 10 A Y
5. Math anxiety 27 1.01  -10" -02 -43" -13"
6. Student SES -146 110 .01 .00 .07 217 -.05
7. Gender - - .05 -07 .04 .08™ .00 .00
8. PISA 2012 math achievement 447.98 91.07 -.01 .01 A7 447 -18™ 387 .04
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Note. Gender was coded 1=girl, 2=boy. "p < .01; "p < .05. SES= socio-economic status. All values on index variables have a mean of 0 and
standard deviation of 1 across countries. Higher values show support for these constructs. Positive value indicates that when OECD country
students are taken into account, students in Turkey on the investigated characteristics have more positive perceptions. For the negative value
this is the other way around.

As shown in Table 2, perceived feedback had a positive effect on perceived teacher support. Gender and
SES differences were not significantly related to the perceived teacher support. At the student level,
26% of variance in the perceived teacher support was explained by the perceived feedback. At the
student level, 7%, 6%, and 5% of the variance between the students were explained for by math self-
efficacy, math concept, and math anxiety respectively.

Table 2.
Results of HLM analyses
Perceived Math Math Math PISA 2012
Predictors teacher support  self-efficacy  self-concept anxiety math achievement
SE B SE B SE B SE B SE
Gender -.06" .02 10" .02 .02 .03 .00 .03 .08™ .02
SES -.02 02 127 .02 .03 .02 .03 .02 .04™ .02
Perceived feedback 50" .02 04 02 15" .03 -13" .02 .00 .01
Perceived teacher support 14703 .03 .03 .03 .03 -.01 .01
Math anxiety -.06™ .01
Math self-efficacy 15" .02
Math self-concept .03 .01
R? student level .26 .07 .06 .05 .15

Note. Gender was coded 1=girl, 2=boy. “p < .01; "p < .05. SES= socio-economic status.

As shown in Table 2, perceived teacher support and perceived feedback were significant positive
predictors of math self-efficacy and math self-concept respectively; however, perceived feedback was a
significant negative predictor of math anxiety. The results of the present study suggest that the perceived
teacher support mediates the relationship between perceived feedback and math self-efficacy. The
results did not support the indirect effect of perceived feedback on math self-concept and anxiety
through perceived teacher support. Boys reported higher levels of math self-efficacy beliefs. Gender
differences were not significantly related to math self-concept and anxiety. SES was a positive predictor
of math self-efficacy. Math self-efficacy and math anxiety are significant predictors; perceived
feedback, perceived teacher support, and math self-concept are non-significant predictors of PISA math
achievement. At the student level, 15% of the variance explained for PISA math achievement in the
presence of the gender and SES. The results related to indirect relations are demonstrated in Figure 2.
In the joint significance test, there is a mediated effect if each of the paths in the mediation is statistically
significant (Taylor et al., 2008). As shown in Figure 2, perceived feedback was a significant predictor
of perceived teacher support, and perceived teacher support was a significant predictor of math self-
efficacy; similarly, math self-efficacy was a significant predictor of PISA math achievement. Therefore,
as shown in Figure 2, the results indicate the mediational role of perceived teacher support and math
self-efficacy between the perceived feedback and PISA math achievement. Furthermore, the results of
the present study suggest that there is only an indirect relationship between perceived teacher support
and PISA math achievement through math self-efficacy. The results also suggest that perceived
feedback is indirectly related to PISA math achievement through math self-efficacy and math anxiety.
The results have not supported the indirect effect of perceived feedback on math achievement through
math self-concept. Student level R? values and only significant paths ("“p< .01) are presented in Figure
2.

157 Math
(.03) p| self-concept
6%
- Percerved Math
Percerved » > :
feedback | sge 7| ‘eachersupport [T ® self-efficacy |- PISA 2012 math
p 26% 7% NE 20
| (.02) (.03) (.02) achievement
15 %
p| Math anxiety
13 » s Ty —gg=™

(.02) (.01)
Figure 2. Regression coefficients and standard errors in conceptual model
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DISCUSSION and CONCLUSION

In the present study, we examined the role of perceived feedback, teacher support and self-beliefs in
predicting students' achievement in the domain of mathematics. The results revealed that students'
perceived feedback influence their perception of teacher support and, thus, their math self-efficacy. The
results also showed that perceived feedback has an indirect positive effect on mathematics achievement
via math self-efficacy and anxiety. Contrary to our expectations, perceived feedback has neither been
indirectly related to math self-concept and anxiety via perceived teacher support nor to mathematics
achievement via math self-concept.

The finding on the positive relationship between perceived feedback and perceived teacher support is
consistent with the social cognitive theory which supports the view that feedback has a potential role in
increasing student-teacher relationships in the learning environment (e.g. Li, 2016; Skipper & Dougles,
2015; Torrence & Pryor, 1998). This finding shows the importance of examining how perceived
feedback relates to perceived teacher support in understanding the feedback process.

Regarding the predictors of mathematics self-beliefs, we found that perceived feedback is directly
related to math anxiety and math self-concept. Although the models predicting motivational beliefs in
this study explain small amount of variance, the result is in line with studies which indicate that teachers'
feedback influence students' motivational beliefs. For example, this finding supports Nunez-Pena et al.
(2015) and Ugodulunwa and Okolo (2015) studies both of which indicate that teacher feedback may
reduce anxiety in mathematics. Similarly, this finding parallels the work of Burnett (2003) whose
research findings suggest a positive relationship between self-concept and teacher feedback. One of the
considerable findings in this study is that feedback as perceived by students has a direct effect on
students' math self-concept, while it is only indirectly related, via perceived teacher support to students'
math self-efficacy. This finding may be explained by the nature of self-concept, which is mostly based
on social comparisons (Bong & Skaalvik, 2003). To be more specific, we know that in a competitive
learning environment, secondary schools' mathematics teachers are more likely to give feedback to their
students by comparing their performance to the performance of other students than to a predefined
content-related criterion (Harks et al., 2014). In Turkey, due to the national exams necessary to enter
high schools and universities, the educational system is highly competitive. Thus, due to this structure,
students may perceive their teachers' feedback on how well they are doing in their math class from a
perspective of their relative position to their classmates. Consequently, this perception may show itself
through a student's self-concept of how good they think they are at mathematics, thereby revealing a
direct relationship between the perceived feedback and math self-concept.

In the same manner, when it comes to students' task-specific mathematics confidence (i.e. their self-
efficacy), teachers' actual learning support as perceived by students (i.e. perceived teacher support)
accounts for any possible direct relation between perceived feedback and math self-efficacy. In other
words, perceived feedback may only be indirectly related to students' math self-efficacy in the extent to
which it includes task specific statements. In view of that, giving well defined mathematics tasks may
provide a better context to reveal the association among students' perceived feedback, teacher support,
and their math self-efficacy. Therefore, in Turkey, the nature and quality of mathematics teachers'
feedback, and its' effect on different types of self-beliefs needs to be detailed further.

The diversity among the nature of self-efficacy, self-concept and anxiety may also partly explain the
mediating role of teacher support in the model of this study. As stated before, self-efficacy as measured
in PISA is more related to cognitive judgments based on specific math tasks, whereas self-concept and
anxiety are more connected to an affective evaluation of students themselves. Teacher support in this
study only mediates feedback on self-efficacy. This means that when the students' perceived feedback
is taken into account, mathematics teachers' supportive behaviors are hardly related to students' affective
or emotional beliefs (i.e., self-concept and anxiety).
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In regards to the role of perceived teacher support on anxiety, there are studies with which the result of
the present study is in line. For example, Taylor and Fraser (2003) and Yildirim (2012) indicate that
perceived teacher support may not be effective in reducing high school students’ mathematics anxiety.
However, there are some contradictory results in the literature as well. For example, in a study in the
Netherlands by Ahmed et al. (2010), findings suggest that teacher support decreases junior secondary
school students' anxiety level, and increases their self-competence in the mathematics domain.
Therefore, it is possible to claim that cultural differences among countries should also be taken into
account in order to further detail the complex relationship among teachers' feedback and various types
of student self-beliefs.

Concerning self-belief predictors of PISA 2012 mathematics achievement, students’ math self-efficacy
and anxiety in our study proved to be significant predictors of achievement. In line with previous
research (Zajacova et al., 2005) the effect of anxiety on mathematics achievement was small in
comparison to the effect of math self-efficacy. Additionally, self-concept did not predict the Turkish
students' mathematics achievement. In other words, math self-concept did not mediate the feedback
process on achievement. This finding, however, is contrary to findings by Tosto, Asbury, Mazzocco,
Petrill and Kovas (2016), whose research suggests that in the United Kingdom, academic self-concept
of pupils at age 16 was a mediating variable between perceptions of classroom environment and
mathematics achievement. The present results demonstrate the complexity of the mediational role of
teacher's behavior in classrooms and students' self-beliefs between perceived feedback and achievement.

Despite the fact that there are studies that indicate the direct influence of formative assessment (e.qg., Li,
2006) and support (e.g., Ahmed et al., 2010) on achievement, in this present study, both perceived
feedback and perceived teacher support were not directly related to mathematics achievement. However,
findings regarding the mediating role of teacher support, math self-efficacy and anxiety supported
previous work of Thurlings et al. (2013), which indicates the existence of variables that mediate the
feedback process. The results of this study show that mathematics achievement is fostered by different
indirect effects.

Prior research has demonstrated that the perception of teacher-student relationships has a mediating role
between formative assessment and students' PISA reading achievement (Li, 2016). Similarly, it appears
that mathematics is yet an additional subject in which an indirect effect of feedback on mathematics
achievement via perception of teacher support exists. Results support the expectation that students
receiving feedback from teacher about their mathematics learning are more likely to perceive their
teacher as being supportive. This supportive relationship in the classroom influences the students' math
self-efficacy and, hence, their mathematics learning.

Similarly, the finding regarding the mediating role of self-efficacy is in line with Rakoczy et al. (in
press), whose research indicates that, in Germany, students' self-efficacy has the potential to mediate
the relationship between formative assessment and mathematics achievement. In our study, extending
the prior research, we found that anxiety might also be a mediating variable between perceived feedback
and mathematics achievement. Therefore, integrating the mediational role of anxiety into models of
feedback process would be an important issue to consider in future research.

Research has shown that the effects of teachers' classroom practices on learning outcomes can be lower
in developing countries (Santibanez & Fagioli, 2016). Turkey has a low socio-economic index among
the participating countries in PISA. It appears that Turkey is one of the developing countries in which
teaching practices related to formative assessment may have had low impact on students' self-beliefs
and PISA mathematics achievement. The effects of teacher behavior at school or class level may be
more related to student outcomes (e.g., Mikk, Krips, Sailik, & Kalk, 2016). In future research, it would
be worthwhile to examine the effects of teachers' feedback and support on student outcomes at class
level using teacher responses.
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This study has limitations that need to be addressed. Firstly, this research was cross-sectional therefore,
we cannot indicate any causal effects. In future research, longitudinal studies may provide causal
relations about the underlying mechanism of feedback process. Secondly, this study was restricted to
the Turkish sample. Future research could also extend this work by examining different cultures. Finally,
we acknowledge that teacher feedback is more complex than what was measured in PISA. In PISA 2012
teachers' feedback was measured via students' perceptions. Although previous research indicates that
the students' reports are useful measures for teachers' teaching practices (Burnett, 2003; Li, 2016), actual
teacher feedback may have different effects than perceived teacher feedback. Therefore, future studies
should investigate teachers' feedback through classroom observations and students' perception of teacher
feedback together.

In conclusion, we were able to show that perceived teacher feedback influences the perception of teacher
support and, thus, students' self- beliefs and mathematics achievement, even though our results partly
met our expectations. Due to the fact that students who received feedback from their teacher are more
likely to perceive their teacher as being supportive, enhancing feedback practices would contribute to
student learning. Teachers need to consider the importance of their feedback practices, and the mediating
effects of their behaviors and students' self-beliefs on students' mathematics learning.
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TURKCE GENISLETILMIiS OZET

Ogretmen davranislart ile Ogrenme ciktilar1 arasindaki iliskiler incelendiginde, Ogretmenlerin
Ogrencilere geri bildirim vermesinin dgrencilerin motivasyonel inanglarini ve basarilarimi etkileyen
onemli bir faktor oldugu goriilmektedir. Geri bildirim 6grencilerin var olan bilgileri ve olmasi gereken
bilgileri arasindaki farki azaltmaya katkida bulunmaktadir. Geri bildirim ile 6grenci basarisi arasindaki
iligkide etkili olabilecek bagka degiskenler de olabilir ve bu degiskenlerin rolii sosyal kiiltiirel teori
cer¢evesinde incelenebilir. Sosyal kiiltiirel teoriye gore, 6grenciler baskalartyla sosyal etkilesimleri
araciligryla ogrenirler. Benzer sekilde, Ogretmenler, Ogrencilerin dgrenmelerini yonlendirmek ve
degistirmek i¢in geri bildirimi etkin bir sekilde kullandiklarinda, 6grencilerle olan etkilesimleri de artar.
Bu etkilesim 6gretmenlerin destekleyici davramislarimi da igerir. Geri bildirim alan O6grenciler,
ogretmenlerinden daha fazla destek almis olurlar. Ogretmenin geri bildirimi ve destegi Ogrenci
motivasyonu veya basari iizerinde etkili olabilir. Ornegin, 6gretmenin geri bildirimi, 6gretmen destegini
artirirken, motivasyon aracihigiyla da bagari iizerinde etkili olabilir. Ozellikle ortaokul matematik
basarisi ile ilgili olarak bu iligkilerin arastirildigi ¢alisma sayist olduk¢a sinirlidir. Bu nedenle bu
caligmada 6gretmen destegi ile birlikte, 6grenci motivasyonunun geri bildirim ile matematik bagarisi
arasindaki aract roli PISA 2012 baglaminda incelenmistir. Literatiir 6grencilerin matematik 6z-
yeterligi, 6z-benligi ve kaygisinin matematik basarisi tizerinde etkili olabilecek en énemli 6z-inanglar
oldugunu gosterdiginden bu calismada bu ii¢ degiskenin araci rolii incelenmistir. Bu calismanin
bulgulart matematik 6grenme ortamlarindaki Ogretmen davranislarinin etkilerinin anlagilmasini
saglayabilir. Tiirkiye'nin PISA' daki diisiilk matematik basaris1 g6z 6niinde bulunduruldugunda, mevcut
calisma bu zayif performansa farkli bir bakis acis1 saglayabilir.

Calismadaki degiskenler, PISA 2012 ogrenci anketlerinde yer alan maddelerle sinirhidir. Bu
degiskenlerden elde edilen verinin giivenirligi ve yap1 gecerligi PISA 2012 teknik raporlarinda detayli
bir sekilde yer almaktadir. PISA 2012 verisinin, dnce okullarin sonra okullardan 6grencilerin rastgele
secilerek elde edildigi, ¢ok diizeyli bir 6rneklem yapist vardir. Ayrica, PISA sonuglari, Tiirkiye'de
Ogrencilerin matematik 6z-yeterligi ve matematik bagarilari arasindaki farkliligin okul diizeyindeki
farkliliktan da kaynaklanabilecegini gostermistir. Bu nedenle, bu ¢alismada analizler okul diizeyi ve
ogrenci diizeyi dikkate alinarak yapilmistir. Ayrica, grenci cinsiyeti ve sosyo-ekonomik statiisii de
incelenen degiskenlerle iliskili olabileceginden kontrol degiskeni olarak analizlerde yer almugtir.
Analizlerde, algilanan geri bildirim, algilanan 6gretmen destegi, 6z-yeterlik, 6z-benlik, kaygi, cinsiyet
ve sosyo-ekonomik statii degiskenleri ve matematik puanlart kullanilmisgtir.

Elde edilen sonuclarda, sosyal kiiltiirel teori ile uyumlu olarak algilanan geri bildirimin, algilanan
Ogretmen destegi lizerinde olumlu bir etkisinin olabilecegi goriilmektedir. Ancak, algilanan geri bildirim
ve matematik bagarisi arasindaki iliskilerde algilanan Ogretmen desteginin ve Ogrencilerin 6z-
inanglarinin araci rolii kismen dogrulanmistir. Algilanan geri bildirimin, 6grencilerin matematik 6z-
benligi ve matematik kaygilar {izerinde istatistiksel olarak anlamli bir etkisinin olabilecegi goriilmiistiir.
Oz-benlik, o&grencilerin  kendi matematik basarilarm1 ~ simif  arkadaslarmin  basarilariyla
karsilagtirmalarindan etkilenen bir inangtir. Tirkiye'deki sinav sisteminden dolayr Ogretmenlerin
ogrencilere verdikleri geri bildirimler, 6grencilerin arkadaslarinin matematik performanslariyla
karsilastirilmasini igerebilir. Bu nedenle, algilanan geri bildirim ile 6z-benlik dogrudan iligkili bulunmus
olabilir. Benzer sekilde kaygi da 6z-benligin olumsuz sekli oldugundan algilanan geri bildirim ile
arasinda negatif bir iligki elde edilmis olabilir. Bununla birlikte, algilanan geri bildirimin matematik 6z-
yeterligi iizerinde dogrudan bir etkisi goriilmezken, algilanan 6gretmen destegi araciligtyla dolayli bir
etkisi vardir. Matematik 6z-yeterligi ise 0grencilerin belirli matematik konularinda kendilerini yeterli
goriip gormedikleri ile ilgilidir. Bu nedenle, geri bildirimin, 6z-yeterlik 6zerinde etkili olabilmesi i¢in
daha fazla 6gretmen-dgrenci etkilesimi gerekiyor olabilir. Ogretmenin geri bildirimi her ne kadar
Ogretmenin 6grencilere olan destegini artirsa da, sonuglarda algilanan 6gretmen desteginin 6z-benlik ve
kayg: iizerinde etkisi olmamustir. Ogretmen desteginin Oz-inanclar iizerindeki roliiniin de farkli
olabilecegi goriilmektedir. Matematik 6gretmenlerinin destegi, 6grencilerin matematik konularindaki
yeterliklerini bilissel olarak degerlendirmeyi iceren 6z-yeterlik inanglar {izerinde etkili olurken, daha
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duyussal yargilar1 igeren 6z-benlik ve kaygi gibi 6z-inanglar {izerinde etkili olmayabilir. Bu nedenle,
geri bildirim ve Ogretmen desteginin farkli 6z-inanglar {izerindeki etkilerinin yapilacak olan
caligmalarda arastirilmasi daha detayl genellenebilir sonuglar ortaya ¢ikarabilir. Matematik basarisinin
istatistiksel olarak anlamli yordayicilari ise matematik 6z-yeterligi ve matematik kaygisi olmustur. Elde
edilen sonuglar, algilanan geri bildirim ve matematik basaris1 arasindaki iligskide, algilanan 6gretmen
desteginin, 6z-yeterligin ve kayginin araci roliiniin olabilecegi varsayimimi desteklemistir. Ozetle,
sonuglar, 6gretmenin geri bildirimi sonucunda dgrencilerin 6gretmenlerini daha destekleyici olarak
algilayabileceklerini ve bunun sonucu olarak matematik 6z-yeterliklerinin ve basarilarinin artabilecegini
gostermigtir. Benzer sekilde, her ne kadar kayginin basar iizerindeki etkisi az bulunmus olsa da,
ogretmenlerin geri bildiriminin 6grencilerin matematik kaygisini azaltma, bunun sonucu olarak da
matematik basarilari artirma gibi bir sonucu olabilir.
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