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A B S T R A C T

Background: Previous research on the relationship between teacher collaboration and student achievement 
yielded ambiguous results. From a theoretical perspective, an indirect association between high-quality teacher 
collaboration and student achievement is assumed, mediated by instructional quality. However, empirical evi-
dence for this assumed theoretical mediation model is lacking.
Aim: This study analyses the relationship between the extent of high-quality teacher collaboration reported by 
teachers via social network ties and the development of fifth-grade students’ mathematics achievement over one 
school year. It examines whether and how this relationship is mediated by instructional quality assessed as 
effective teaching from the perspective of the students.
Sample: The sample included 80 primary school teachers and 770 fifth-grade students from the German-speaking 
part of Switzerland.
Method: A two-level structural equation model was applied, comprising two latent change models, one for 
instructional quality and one for mathematics achievement, to examine student survey data on instructional 
quality, student mathematics achievement tests, and teacher social network survey data on perceived high- 
quality teacher collaboration.
Results: The results revealed a significant positive indirect effect between high-quality teacher collaboration and 
student achievement, mediated by instructional quality. However, the direct effect between high-quality teacher 
collaboration and mathematics achievement, although positive, was not significant. Both the total and indirect 
effects of the model were significant.
Conclusion: This study underpins and extends previous findings emphasizing the significance of perceived high- 
quality teacher collaboration by demonstrating that these collaborations are crucial for fostering instructional 
quality and students’ mathematics achievement.

1. Introduction

Previous research findings on the effects of teacher collaboration on 
student achievement are far from conclusive. For one, only very few 
studies analyzed the effects in detail (e.g., Vangrieken et al., 2015). For 
another, teacher collaboration only seems to be consistently related to 
improvements in student achievement when the quality of teacher 
collaboration is considered (e.g., Antoniou & Kyriakides, 2011; Kılınç 
et al., 2023; Lomos et al., 2011; Ronfeldt et al., 2015). Furthermore, 

teacher collaboration appears to be indirectly rather than directly related 
to student achievement (Hochweber et al., 2012; Kılınç et al., 2023; 
Placklé et al., 2022).

However, the analysis of that mediation is seldom conducted. From a 
theoretical perspective, instructional quality is considered as a relevant 
mediator (Spillane & Louis, 2002), because it is a significant proximal 
predictor of student outcomes (e.g., Antoniou & Kyriakides, 2011). 
Respective analyses are lacking, however. Previous studies have only 
analyzed the mediation effect of teacher self-efficacy between teacher 
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collaboration and student achievement, finding that teacher collabora-
tion has a positive effect on teacher self-efficacy, which, in turn, im-
proves student achievement (Kılınç et al., 2023; Moolenaar et al., 2012). 
Also, previous studies have investigated the effects of teacher collabo-
ration on the development of teaching (e.g., Nguyen, Pietsch, & Gümüs, 
2021) or student achievement (e.g., Goddard & Goddard, 2007) sepa-
rately. Hence, a simultaneous longitudinal analysis is needed to test 
theoretical models to improve knowledge on how teacher collaboration 
fosters student achievement.

This study therefore examined the relationship between high-quality 
teacher collaboration among fifth-grade teachers in primary schools in 
the German-speaking part of Switzerland and the development of stu-
dents’ mathematics achievement, and whether this relationship is 
mediated by the development of instructional quality.

To analyze high-quality teacher collaboration, we relied on recent 
studies that point to the importance of teachers’ experiences of teacher 
collaboration for supporting teachers’ professional practice, such as 
teachers’ perceived helpfulness of teacher collaboration (Ronfeldt et al., 
2015) and perceived discussion utility of teacher collaboration 
(Sinnema et al., 2021). Hence, high-quality teacher collaboration in this 
study refers to the perceived usefulness of teacher collaboration for 
supporting school improvement. Our analysis of instructional quality 
was based on the concept of “opportunity and use” (Fend, 1981; Vieluf & 
Klieme, 2023). This concept is grounded in the idea that learners are 
active co-constructors of their own learning progress. Thus, the effec-
tiveness of instruction depends not only on the learning opportunities 
provided in lessons but also on whether and how students engage with 
these opportunities. For this reason, our study focused on effective 
teaching from the perspective of the students: students’ perception of 
the quality of classroom instruction.

2. The triad of teacher collaboration, student achievement, and 
instructional quality – theoretical framework

2.1. High-quality teacher collaboration on school improvement

The existence of various definitions makes it necessary to clarify the 
concept of high-quality teacher collaboration. Following Vangrieken 
et al.’s (2015) definition of collaboration as an “umbrella term” (p. 23), 
this study defined teacher collaboration as shared social activities 
among teachers to fulfil a common task or profession-related goal.

As our research aligns with theoretical approaches in school 
improvement research (e.g., Harris, 2002; Hopkins, 2001; Mitchell & 
Sackney, 2011) and social network research (e.g. Daly, 2010), we 
focused in this study on teacher collaboration as teachers’ shared social 
activities to develop teaching, improve working in teams, and optimize 
organizational procedures and structures to establish their school as a 
learning organization with the ultimate aim of optimally promoting the 
learning of all pupils. Accordingly, this study included the following 
collaborative activities: 

1. Teaching improvement: collaboration on teachers’ primary tasks 
(James, Dunning, Connolly, & Elliott, 2007), which have the po-
tential to increase teachers’ professional capital (Hargreaves & 
Fullan, 2012). For example, teachers could jointly negotiate how 
students can be fostered or what methods could help improve stu-
dents’ learning

2. Team improvement: collaboration on how their working in teams can 
be improved (e.g., Decuyper et al., 2010)

3. Organizational improvement: collaboration on what norms and goals, 
procedures, and structures schools should pursue or how they could 
address significant social challenges (Mitchell & Sackney, 2011).

This emphasis, referred to as teacher collaboration on school 
improvement, broadens the focus of collaboration from solely classroom 
practice (Wullschleger et al., 2023) to individual, interpersonal, and 

organizational improvement in schools (Mitchell & Sackney, 2011) and 
considers that organizational and interpersonal improvement influence 
teachers’ professional learning, which in turn affects student achieve-
ment (Kyriakides et al., 2015). Furthermore, interactions concerning 
work-related information or expertise form the core of collaboration, as 
they provide access to other actors’ professional capital (e.g., Moolenaar 
et al., 2012). Hence, this approach is strongly oriented towards educa-
tional change (Daly, 2010).

In addition, this study was interested in analyzing the effect of high- 
quality teacher collaboration on the development of instructional quality 
and student achievement. Many studies have shown that collaboration 
can vary in terms of the depth of interactions (Decuyper et al., 2010; 
Havnes, 2009; Schippers, Den Hartog, & Koopman, 2007; Yang et al., 
2018) and that collaboration that meets high-quality standards seems to 
have the potential to improve instructional quality and student 
achievement (e.g., Antoniou & Kyriakides, 2011; Moolenaar et al., 2012; 
Ronfeldt et al., 2015). In this study, we followed Sinnema et al. (2021)
and Ronfeldt et al. (2015), who investigated the quality of interactions 
by focusing on perceived discussion utility (Sinnema et al., 2021) or the 
perceived helpfulness of teacher collaboration (Ronfeldt et al., 2015). 
Both argued that the perceived quality of interactions is particularly 
effective in terms of fostering professional practice and student 
achievement. Applied to collaboration, this signifies the extent to which 
teachers experience various forms of collaboration as beneficial for 
supporting their professional practice and student learning. When 
teachers experience several perceived useful collaborations in their so-
cial network, this can subsequently be understood as interaction rou-
tines on a deep level (Coburn & Russell, 2008).

Hence, we defined high-quality teacher collaboration as social in-
teractions between teachers in a school’s social network that are 
perceived as useful and have the goal of discussing new ideas for 
improving teaching, working in teams, and the school’s organizational 
procedures and structures, all aimed at fostering students learning. As 
collaboration of this kind involves joint discussion and negotiation, it is 
close to the interdependence side of the continuum of teacher collabo-
ration (Little, 1990) and co-constructive in nature (Gräsel et al., 2006).

2.2. Teacher collaboration and student achievement, an indirect 
relationship

Educational effectiveness theories (e.g., Creemers & Kyriakides, 
2008; Spillane & Louis, 2002) emphasize that the preconditions of stu-
dent outcomes must be modeled within a multilevel framework that 
distinguishes between distal factors, such as characteristics of the 
educational system (e.g., policy) and the school (e.g., school leadership), 
and proximal factors, such as teachers’ competencies and teaching 
practice. Proximal factors are assumed to directly affect student out-
comes. Distal factors influence student outcomes indirectly by 
improving instructional quality, which can be supported by two 
large-scale longitudinal studies (Heck & Hallinger, 2014; Kyriakides 
et al., 2015).

Instructional quality in general refers to what teachers do in their 
classroom that is positively related to student outcomes. However, re-
searchers’ conceptualization and operationalization of the construct 
vary (Nilsen et al., 2016; Senden et al., 2022; Praetorius and Char-
alambous, 2023). This study aligned with the concept of “opportunity 
and use” (Fend, 1981; Vieluf & Klieme, 2023) and focused on effective 
teaching from the students’ perspective. The opportunity-use concept 
describes opportunities provided by teachers during teaching processes 
and how they are used by individual learners. ‘Opportunity’ refers to 
teaching processes orchestrated by the teacher, and ‘use’ refers to stu-
dent’s individual, cognitive, motivational and emotional learning pro-
cesses. The same opportunities are not necessarily used by all students 
and not by all students in the same way. Therefore, “teaching has no 
universal quality, but needs to be adaptive to the particular needs of 
each individual student” (Vieluf & Klieme, 2023, p. 68). That is why 
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students’ perceptions and experiences play a pivotal role in their 
learning outcomes. Integrating students’ perspectives and perceptions of 
the quality of classroom instruction yields a deeper understanding of the 
effectiveness of teaching practices (Hattie, 2012).

The multilevel perspective, taking into account direct and indirect 
associations, also seems to be valid concerning the relationship between 
teacher collaboration and student achievement. Spillane and Louis 
(2002) argue that instruction is the proximal cause of students’ oppor-
tunity to learn. Therefore, school improvement processes, in general, 
and the collaborative practice of teachers in particular, must focus on 
fostering instructional capacity because it enhances student 
achievement.

This assumption is also supported by Hargreaves and Fullan’s (2012)
theoretical framework on professional capital. Hargreaves and Fullan 
argued that social capital, referred to as the capital teachers share 
through their network of learning, strength of mutual support, shared 
professional development, and strong foundation of trust, adds value to 
individual human capital such as teachers’ competencies (Hargreaves & 
Fullan, 2012). Accordingly, teacher collaboration as a social structure 
within the school and the transformation of social capital into individual 
human capital is vital for increasing the quality of teaching and, ulti-
mately, student learning.

Ronfeldt et al. (2015) offered a significant differentiation of this 
perspective, arguing that teacher collaboration seems to be both a school 
and an individual phenomenon. Collaboration at the school level can be 
interpreted as an essential context for the teachers’ individual collabo-
rative practice. Accordingly, individual and collective mechanisms 
could explain how teacher collaboration is associated with student 
achievement: A collaborative culture in a school could enable teacher 
collaboration on a team level, which, in turn, could enable teachers to 
develop their teaching and improve student achievement (Ronfeldt 
et al., 2015).

Hence, robust theoretical evidence indicates that teacher collabora-
tion is indirectly related to student achievement and mediated by 
enhanced classroom instruction quality. High-quality teacher collabo-
ration should foster teachers’ human capital (Hargreaves & Fullan, 
2012), which improves teachers’ instructional capabilities (Spillane & 
Louis, 2002). Increased instructional quality should lead to a higher 
level of student achievement.

3. Instructional quality as mediator between the relationship of 
teacher collaboration and student achievement – state of 
empirical results and research gaps

Empirical evidence for the assumed theoretical effect exists only 
partially. Studies have explored the relationship between teacher 
collaboration and student achievement (Akiba & Liang, 2016; Goddard 
& Goddard 2017; Kılınç et al., 2023; Lomos et al., 2011; Ronfeldt et al., 
2015; Vescio et al., 2008) and between teacher collaboration and 
instructional quality (Holzberger & Schiepe-Tiska, 2021; Sleegers et al., 
2014). These relationships have also been investigated using social 
network analyses (Daly et al., 2020; Daly et al., 2014; Horn et al., 2020; 
Pil & Leana, 2009; Sinnema et al., 2021). However, studies that consider 
all three elements together are rare. Furthermore, cross-sectional studies 
prevail (Weddle, 2022).

Hochweber et al. (2012) used multilevel regression analyses to 
examine whether teacher collaboration is related to instructional quality 
and student achievement in English as a foreign language. The results 
indicated that teacher collaboration is positively related to instructional 
quality (structure and cognitive challenge). Several dimensions revealed 
an effect on student achievement and motivation. However, Hochweber 
et al. failed to find a direct effect of teacher collaboration on student 
achievement. They also did not examine the mediation effects between 
teacher collaboration, instructional quality, and student achievement.

Placklé et al. (2022) related teaching qualifications, teacher collab-
oration, and effective teaching practices, individually and collectively, 

to student achievement in secondary vocational education. They found a 
strong positive correlation between teacher collaboration and almost all 
elements of effective teaching practice. The results revealed a significant 
positive correlation between effective teaching practices and mathe-
matics achievement. However, no significant correlation was observed 
between teacher collaboration and student achievement or between 
teaching qualifications and student achievement. In addition, the study 
did not test a mediation model.

Given these findings and the theoretical arguments, it is notable that 
appropriate mediation analyses have not been conducted to empirically 
test the effect pathway from teacher collaboration to student achieve-
ment through instructional quality. Existing studies focus on either the 
effect of teacher collaboration on instruction or teacher collaboration on 
student achievement, without considering the two effects simulta-
neously. Studies that come close to addressing this gap have been con-
ducted by Moolenaar et al. (2012), Kılınç et al. (2023), and Liu and Yin 
(2024). They examined the mediating effect of teachers’ collective ef-
ficacy beliefs between teacher collaboration and student achievement 
and found no direct effect of teachers’ social network structure or 
teacher collaboration on student achievement. However, their results 
indicated that the density of advice networks, the frequency of teacher 
collaboration, or professional learning communities affect teachers’ ef-
ficacy, which, in turn, is linked to higher student achievement and, in 
the study by Liu and Yin (2024), also to cognitive activation in lessons. 
Those studies, however, were cross-sectional in nature and did not 
analyze instructional quality as a mediator. Nevertheless, their results 
provided further empirical support for the assumption of a mediation 
model.

In summary, the existing empirical literature on the relationship 
between teacher collaboration and student achievement is mixed. Most 
importantly, the results discussed in this section reveal that only a few 
studies examined the effects of collaboration, instructional quality, and 
student achievement simultaneously. However, these studies did not 
explore the mediating role of instructional quality between high-quality 
teacher collaboration and student achievement, as the relevant effects 
were analyzed separately.

A direct empirical test of the theoretical mediation model is neces-
sary to better understand the relationship between high-quality collab-
oration, instruction, and student achievement. The findings could 
contribute to the development of effective professional learning tools to 
support teacher collaborations aimed at improving teaching practices.

4. Aims, research questions, and hypotheses

This study examined whether perceived high-quality teacher 
collaboration affects the development of instructional quality and stu-
dent mathematics achievement in fifth graders. Teacher collaboration 
on school improvement was assessed at the beginning of the school year, 
capturing teachers’ collaborative practice over the preceding six 
months. Teachers rated its perceived usefulness for school improvement, 
including improving teaching, teamwork, and the school’s organiza-
tional procedures and structures. The study focused in particular on the 
mediating role of instructional quality in this process.

Given the temporal structure of the data, with two measurement 
points, and the possibility of a decrease in instructional quality and 
mathematics achievement over time, development was measured in 
terms of change and referred to as such. This approach is in line with 
statistical analyses based on latent change modelling (LCM; see section 5
below). This study investigated the following research questions: 

1. To what extent does the perceived usefulness of teacher collabora-
tion for school improvement have a positive effect on changes in 
student achievement?

2. Is this relationship mediated by changes in instructional quality?

Based on the theoretical framework of teachers’ professional capital, 
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school improvement capacity, and collaboration routines (Coburn & 
Russell, 2008; Hargreaves & Fullan, 2012; Mitchell & Sackney, 2011; 
Ronfeldt et al., 2015; Spillane & Louis, 2002), we assumed that teachers’ 
collaborative practice already in place at the beginning of the school 
year can be considered an organizational routine and a key component 
of school improvement capacity for academic learning. Research 
revealed that organizational routines inform teachers’ discussion about 
instruction and influence subsequent professional activities as well as 
student learning (Hatch & Hill, 2016; Spillane et al., 2016). Further-
more, longitudinal studies revealed that school improvement capacity at 
t1 influences school improvement capacity and student achievement in 
the following year. (Hallinger & Heck, 2010).

Second, we assumed that the number of collaboration ties that 
teachers perceived as useful for school improvement has a positive in-
direct effect on changes in student achievement, mediated by changes in 
instructional quality. In the absence of studies analyzing the mechanism 
underlying how teacher collaboration affects student achievement 
mediated by instructional quality, it is unclear whether full or partial 
mediation of the relationship exists. Accordingly, the direct effects were 
also exploratively tested.

5. Method

5.1. Study context and sample

Data were drawn from a large-scale study investigating school 
improvement capacity in 59 public primary schools from the German- 
speaking part of Switzerland. In Switzerland, primary-level education 
comprises eight years, including two years of kindergarten, and all 
schools implement inclusive education. All schools took part in the study 
voluntarily, and all participants gave their informed consent to partici-
pate. All parents were required to sign a consent form for their child’s 
participation in the study. The questionnaires and study procedures 
were approved by the Ethical Commission of the University of Zurich.

The sample schools differed in terms of regional context, size, and 
social context. The sample included slightly more urban schools than the 
average in the respective country. Large schools were slightly over-
represented in the sample compared to the population. Regarding social 
context, the sample was representative of the respective country. A total 
of 1630 teachers, specialist teachers, and principals (87% of whom were 
women) took part in the study. As in Switzerland where the study took 
place, all members of a school team are responsible for teaching, 
including the principal, we used the term ‘teacher’ for all participants. 
Their ages ranged from 21 to 67 years (M = 42.81, SD = 11.51), and they 
had worked in schools on average for 17 years (SD = 11.01, min. = 0, 
max. = 45). The sample of teachers was representative of employees in 
schools in the respective country. In addition, 1637 fifth graders (48% of 
whom were girls) from 128 classes participated in the study (M = 11.79 
years, SD = 0.48). More than half of the children were taught in 
multigrade classes. In the multigrade classes, the number of fifth graders 
was lower than in the single-grade classes. On average, each class con-
tained 13 fifth graders (SD = 5.39).

For the analyses of this study, a subsample of the fifth-grade teachers 
was used. This approach was chosen to enable the linking of student data 
on mathematics achievement and instructional quality with their 
respective teachers. However, the data of the entire sample of teachers 
was involved by utilizing their collaboration ties and their perception of 
discussion utility with the fifth-grade teachers.

The initial sample consisted of 147 fifth-grade teachers and their 
1637 fifth graders from 59 schools. Three schools with their 12 teachers 
were excluded from the study because the network survey response rate 
was too low. We further excluded 19 schools with their 47 teachers 
respectively from very small or very large schools, to make the social 
network measure used in the analysis comparable between schools (see 
section 5.4 for details and justification). Due to missing data on teachers 
in two schools, the final sample for this study included 35 schools, 80 

teachers, and 770 students.

5.2. Procedure

Data on perceived high-quality teacher collaboration ties were 
collected using an online questionnaire at the beginning of the 2019/20 
school year. The survey response rate was 81.6%. The subsample of 
fifth-grade teachers yielded a response rate of 100%.

Student data were collected at the beginning (t1) and end (t2) of the 
school year. At t1, the response rate was 77.6% for the mathematics 
achievement assessment and 77.9% for the questionnaire on instruc-
tional quality. At t2, it was 71.2% for the mathematics achievement test 
and 72.8% for the instructional quality questionnaire. Instructional 
quality was assessed together with sociodemographic variables via a 
paper–pencil questionnaire, and mathematics achievement was assessed 
using a paper–pencil test. The questionnaire and tests were administered 
in the classroom by trained test administrators according to standard-
ized instructions. See Fig. 1 for an overview. The duration of data 
collection was 2 lessons (school periods) in total.

5.3. Measures

5.3.1. Teacher collaboration
Perceived high-quality teacher collaboration was surveyed using 

social network questions in an online questionnaire distributed to all 
teachers in the sample. Three social network questions were connected 
to a rating of the perceived usefulness of the collaboration: With whom 
have you discussed improvement: (1) of your teaching, (2) of how you 
work in teams, and (3) of your school’s organizational procedures and 
structures in the last six months? For each indicated collaboration, 
participants additionally rated the collaboration’s usefulness for 
improving: (1) their teaching, (2) their work in teams, and (3) their 
school’s organizational procedures and structures, using a 4-point scale 
ranging from 1 (not at all useful) to 4 (very useful). Participants were 
given a list of all teachers on their school team from which they could 
select interaction partners.

In this study, we focused on perceived high-quality of teacher 
collaboration and therefore selected only collaboration ties that teachers 
considered very useful for school improvement. In the teaching 
improvement network, 47.6% of the collaboration ties were perceived as 
very useful. This figure is 49.6% for the team improvement network and 
40.9% for the organizational improvement network. The mean density 
of the networks, including all ties, was 0.46 for teaching improvement, 
0.39 for team improvement, and 0.42 for organizational improvement. 
The mean density of the networks, including only the very useful ties, 
was 0.14 for teaching improvement, 0.11 for team improvement, and 
0.11 for organizational improvement. Further, we used only the inde-
gree of the actors, meaning the number of incoming relationships, which 
refers to the number of colleagues (teaching in any grade) who 
perceived the collaboration with the respective fifth-grade teacher as 
very useful for developing their teaching, their working in teams, and 

Fig. 1. Overview of data collection procedure.
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their school’s organizational procedures and structures.
The advantage of using the indegree was twofold: The perceived 

usefulness of teacher collaboration on school improvement was not 
assessed by the teachers themselves but by others. This means that in-
formation about each teacher’s involvement in collaborations is based 
on reports from multiple respondents and is less affected by non- 
response. We also carried out the analyses with the outdegree (the 
number of ties sent by each teacher) and total degree (the sum of the 
teacher’s in- and outdegree) for comparison, which led to very similar 
results.

We combined the number of ties each teacher received across the 
three collaboration items in a single measure. The internal consistency 
of the manifest scale was high (M = 0.11, SD = 0.08, α = 0.89). Table 1
presents the factor loadings. The factor score represents a teacher’s 
involvement in high-quality collaborations with their colleagues.

5.3.2. Instructional quality
Instructional quality was assessed by students’ perception of teach-

ing for effective learning on mathematics achievement using three items 
based on Jaekel and Göllner (2020). Children assessed the following 
three statements using a 4-point scale ranging from 1 (not at all true) to 4 
(exactly true): (1) In math class taught by our math teacher, you can 
learn a lot, (2) I think our math teacher’s lessons are good, and (3) I am 
satisfied with our mathematics teacher’s lessons. The manifest scale’s 
internal consistency was high at t1 (M = 3.6, SD = 0.51, α = 0.83) and t2 
(M = 3.55, SD = 0.59, α = 0.88). Considering the intra-class correlations 
(Lüdtke et al., 2006), the variances between classes were in line with 
other studies in primary schools (e.g., Cohen et al., 2018), with an in-
crease from t1 to t2 (t1: ICC 1 = 0.125; t2: ICC 1 = 0.189). The students’ 
individual scores were latently aggregated to assess instructional quality 
at the class level (Lüdtke et al., 2008). The reliability was relatively low 
for t1 (ICC 2 = 0.59) and acceptable for t2 (ICC 2 = 0.69).

5.3.3. Mathematics achievement
We assessed mathematics achievement using items from the Check 

P5 item bank (Institut für Bildungsevaluation, 2020) to ensure strong 
curricular validity. These items align with the three mathematics 
competence areas outlined by the national curriculum for the respective 
country: numbers and variables; shape and space; and metrics, func-
tions, data, and probability. The item pool consists of approximately 250 
calibrated items for Grade 5, which have been completed by up to 40, 
000 students to date. A rotating test design was applied to avoid iden-
tical sets of items at t1 and t2. Four versions of the test booklet were 
created, containing overlapping item packages with matching difficulty 
levels at both time points.

A one-dimensional item response theory (IRT) model was employed 
(Van Linden & Hambleton, 1997) to avoid identical sets of items at t1 
and t2. Specifically, a two-parameter logistic model (also known as the 
Birnbaum model; Birnbaum, 1968) was used to evaluate these dichot-
omous test items. The item parameters are based on t1. This model es-
timates both item difficulty (β) and item discriminability (α; De Ayala, 
2009).

Data were scaled using the TAM software package by Kiefer et al. 
(2017) in the R development environment (http://www.rstudio.com). 
Weighted least square estimates (WLE) for mathematics competence 

were estimated and used as test scores (t1: M = − 0.42, SD = 1.22; t2: M 
= 0.27, SD = 1.26). These estimates consider the item parameters and 
provide a weighted measure of mathematics competence based on the 
responses to the test items. Higher values indicate higher achievement. 
Differential item functioning (DIF) was verified by determining whether 
the link items functioned in the same way in our sample and the large 
Check P5 sample (Institut für Bildungsevaluation, 2020; Kiefer et al., 
2017). The expected a posteriori reliability for the entire model was 
rEAP = 0.82, and the reliability of the WLE scores was rWLE = 0.81.

Considering the intra-class correlations (Lüdtke et al., 2006), the 
variances between classes remained the same at t1 and t2 (t1: ICC 1 =
0.143; t2: ICC 1 = 0.140). The students’ individual scores were latently 
aggregated to assess mathematics achievement at the class level (Lüdtke 
et al., 2008). The reliability was acceptable for t1 (ICC 2 = 0.61) and 
relatively low for t2 (ICC 2 = 0.59).

5.3.4. Control variables
Student age was collected by asking for date of birth. Age was then 

calculated in years (N = 1,183, M = 11.81, SD = 0.48, Min = 10.28, Max 
= 14.59). Student gender was controlled for (f = 48%).

Socioeconomic context was assessed following Bos et al. (2016), using 
five indicators of wealth, which were answered ‘yes’ or ‘no’ (e.g., Do you 
have a room at home just for yourself?). A sum score was derived from 
these five indicators, with values ranging from 0 to 5. Children from less 
affluent backgrounds were defined as those with scores <4. They 
constituted 14.2% of the sample.

Migration background was assessed using an item from the KESS study 
(Bos et al., 2016). Students were asked if their father and mother were 
born in the country of current residence. This item was measured in 
binary form: both parents were born abroad (1 = migration background) 
vs. both parents or one parent was born in the country of residence (0 =
no migration background). For 27% of the students, both parents were 
born abroad.

5.4. Statistical analysis

It should be noted that social network data consist of ties between 
actors and are, accordingly, not independent (Snijders, 2011). Schools 
must be of similar size to ensure the comparability of the number of ties 
received in different schools: The possible number of colleagues who 
perceive the collaboration of a given teacher as useful is much larger in a 
school with many teachers than in a school with few teachers. To be able 
to consider the largest possible number of schools for the study, the 
social network data were examined to determine the relationship be-
tween school size and the average indegree of teachers in the schools. 
Linear and curvilinear correlations were assessed. The sample was 
gradually reduced by dropping the largest and smallest schools until a 
significant relationship between school size and average indegree values 
was no longer present. The sample was narrowed to schools with no 
fewer than 15 teachers and no more than 50 teachers.

Next, a two-level structural equation model (SEM) was applied, 
comprising two latent change models (LCM)–one for instructional 
quality and one for mathematics achievement (McArdle, 2009)–and 
using MPlus statistical software (Version 8.8; Muthén & Muthén, 2017). 
LCMs represent the intraindividual change between two measurement 
points as the value of a latent variable. In our analysis, instructional 
quality assessed by students and students’ estimated mathematics ability 
scores were represented at the between level (teacher level) in the 
format of a latently aggregated manifest score (Lüdtke et al., 2008).

The model was controlled at level 1 for the students’ gender, socio-
economic context, migration background, and age. At level 2, classroom 
composition was controlled for in terms of socioeconomic context and 
migration background. The latter two control variables, due to being 
binary at level 1, were manifestly aggregated at level 2 and group-mean 
centered at level 1.

Given the limited number of cases and the model’s complexity at the 

Table 1 
Factor loading for very useful teacher collaboration.

Item Loadings

1 With whom have you discussed the improvement of your teaching 
in the last 6 months?

0.89

2 With whom have you discussed the improvement of how you work 
in the team in the last 6 months?

0.77

3 With whom have you discussed the improvement of your school’s 
organizational procedures and structures in the last 6 months?

0.78
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between level, we refrained from applying a doubly latent approach for 
the LCM on instructional quality (Marsh et al., 2009). We isolated the 
effects of collaboration on student achievement mediated by changes in 
instructional quality by controlling for student age, socioeconomic 
context, and migration background at the within level and socioeco-
nomic context and migration background at the between level. We 
tested theoretically driven one-sided hypotheses to determine the sig-
nificance of the effects.

6. Results

6.1. Correlations

Table 2 shows the correlation coefficients for the within level (lower 
triangular) and the between level (upper triangular) between instruc-
tional quality, mathematics achievement, the control variables, and 
useful collaboration (only between-level).

6.2. Measurement invariance

Scalar measurement invariance is required for the comparison of 
mean values over time (Millsap, 2011). This also applies to latent change 
models based on manifest scale variables, as used in the present ana-
lyses. We conducted a two-level confirmatory factor analysis and tested 
the doubly-latent measurement model, based on three indicators at both 
levels, behind the scale variable instructional quality, for scalar mea-
surement invariance over time (pairwise identical loadings and identical 
intercepts at level 1 and level 2). Given the sample size of n = 770 cases, 
a delta CFI criterion of 0.010 and a delta RMSEA criterion of 0.015 were 
considered adequate (Putnick & Bornstein, 2016).

The analyses revealed a significant Chi-Square value (p < .001) for 
the model with scalar restrictions applied to both levels, but otherwise a 
good fit (CFI = 0.979, RMSEA = 0.047). For level 1, with the intercepts 
necessarily set to zero, and therefore identical, already in the baseline 
model, delta CFI was 0.001, and delta RMSEA was 0.001. For level 2, 
delta CFI for establishing scalar measurement invariance was 0.010, and 
delta RMSEA was 0.011. These results indicated that scalar measure-
ment invariance was confirmed at both levels.

6.3. Structural equation models

Descriptive statistics of the change scores were estimated separately 
based on unconditional change models without any directional effects. 
As a result of the latent aggregation of instructional quality at t1 and t2 
as well as math achievement at t1 and t2, which implies centering 
around the group mean at level 1, all four scores show mean values of 
zero at level 1. Therefore, also the two estimated change scores for 
instructional quality and math achievement show mean values of zero. 
The respective variances were s2 = 0.324 (SE = 0.025, p = .000) for 
instructional quality and s2 = 0.769 (SE = 0.045, p = .000) for math 
achievement.

At level 2, again estimated in separate unconditional models, the 

latent change score for instructional quality showed a mean value that 
was negative but different from zero only by chance (M = − 0.147, SD =
0.152, p = .333). Moreover, its variance of s2 = 0.023 was very small and 
not significantly different from zero (SE = 0.017, p = .171). For math-
ematics achievement at level 2, the latent change score showed a mean 
value that was significantly different from zero (M = 0.717, SD = 0.326, 
p = .014) and a variance of s2 = 0.106 (SE = 0.033, p = .001).

The estimated parameters of the structural equation model indicated 
a good model fit (χ2 = 52.52, df = 23, p = .000, χ2/df = 2.28, CFI =
0.972, TLI = 0.922; RMSEA = 0.041, SRMRwithin = 0.035, SRMRbetween 
= 0.051). The results revealed no significant direct relationship between 
the number of colleagues who perceived the collaboration with the 
respective teacher as useful for school improvement and the change in 
mathematics achievement (β = 0.114, p = .294, one-sided). However, 
significant positive relationships were evident between the extent of the 
perceived usefulness of teacher collaboration and the change in their 
instructional quality as perceived by their students (β = 0.362, p = .001, 
one-sided). A significant positive relationship was also found between 
instructional quality change and mathematics achievement change (β =
0.723, p = .015, one-sided). The total effect of the analyzed model was 
significant (β = 0.376, p = .005, one-sided), as was also the indirect 
effect between the perceived usefulness of teacher collaboration and 
change in student achievement, mediated by the change in instructional 
quality (β = 0.262, p = .045, one-sided). Although the correlation be-
tween the change in math achievement and math achievement at t1 at 
the between level was not significant (β = − 0.135, p = .525), the 
respective correlation for instructional quality was positive and signifi-
cant (β = 0.799, p = .009). This indicates that the instructional quality of 
teachers with higher values at t1 had a more positive development from 
t1 to t2.

Fig. 2 provides an overview of the results. For improved readability, 
the effects of the control variables are not depicted. At the within level 
(students), significant positive effects were observed between all control 
variables and mathematics achievement at the first measurement time 
point. Also, a significant positive effect was observed between socio-
economic context and instructional quality at the first measurement 
time point. At the between level (teachers), significant positive effects 
were observed between migration background and change in mathe-
matics achievement as well as between socioeconomic context and 
change in instructional quality.

7. Discussion

Although theoretical models assume indirect effects between high- 
quality teacher collaboration and the development of student achieve-
ment, expecting instructional quality to act as a mediator, studies 
analyzing this mediation in a multilevel framework are lacking. For this 
reason, this study examined longitudinally the effects of the number of 
collaboration ties that teachers perceived as useful for school improve-
ment on changes in instructional quality and mathematics achievement 
among fifth-graders. Significantly, we focused on the mediating role of 
the change in instructional quality.

Table 2 
Within-level correlation (lower triangular) and between-level correlations (upper triangular).

Variable 1 2 3 4 5 6 7 8 9

1. Instructional quality t1 – .63 − 0.08 0.12 − 0.47 0.29 − 0.12 − 0.20 − 0.18
2. Instructional quality t2 .42 – 0.22 .54 − 0.74 0.14 0.52 0.11 0.18
3. Math achievement t1 0.02 − 0.01 – .76 − 0.04 0.21 0.43 .50 − 0.17
4. Math achievement t2 0.00 0.05 .73 – − 0.22 0.49 0.34 .37 0.13
5. Student age 0.03 0.01 ¡.22 ¡.24 – − 0.17 − 0.25 − 0.41 − 0.42
6. Gender − 0.08 ¡.14 .08 0.06 .12 – − 0.49 0.34 0.42
7. Socioeconomic context 0.02 0.03 0.08 .09 − 0.05 − 0.04 – 0.01 − 0.01
8. Migration background − 0.03 0.03 .18 .20 ¡.15 0.01 .13 – .26
9. Useful collaboration         –

Note. Statistically significant coefficients at α = 0.05 are printed in boldface. nwithin = 559, nbetween = 76.
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The findings support our hypotheses. In line with the reviewed 
theoretical framework (see section 2 above), we found a significant 
positive indirect relationship between perceived high-quality teacher 
collaboration and change in student achievement, mediated by change 
in instructional quality. Both the model’s indirect and total effect were 
significant.

This study thus confirms empirical studies that found significant 
effects of teacher collaboration on instructional quality (Hochweber 
et al., 2012; Kılınç et al., 2023; Moolenaar et al., 2012; Placklé et al., 
2022; Samaranayake et al., 2018) and no significant bivariate correla-
tion between teacher collaboration and student achievement 
(Hochweber et al., 2012, 2018; Placklé et al., 2022). Further, our study 
is also in line with Placklé et al.’s (2022) finding of significant positive 
correlations between effective teaching practices and mathematics 
achievement.

We argued that students’ achievement gains are the result of indi-
vidual collaborative practices among teachers in a school network and 
their effects on instructional quality. Hence, in line with Ronfeldt et al. 
(2015) and Hargreaves and Fullan (2012), the interaction between 
school-wide collaborative structures and teachers’ individual collabo-
rative practices helps improve teachers’ competence to provide 
high-quality instruction, which, in turn, promotes student learning. 
Accordingly, the empirical results support the theoretical assumptions 
(e.g., Creemers & Kyriakides, 2008; Spillane & Louis, 2002) that teacher 
collaboration can be interpreted as a distal factor in relation to student 
achievement, whereas teaching quality has a closer relationship with 
student achievement and can therefore be described as proximal.

For further research, it could be important to notice that educational 
effectiveness theories (e.g., Creemers & Kyriakides, 2008; Spillane & 
Louis, 2002) are even more complex; the tested model may include a 
‘black box’ between high-quality teacher collaboration and its effect on 
the change in instructional quality. Studies on teachers’ professional 
competencies (e.g., Blömeke et al., 2022) for instance support the 
assumption that teachers’ motivations, knowledge, and skills are 
essential preconditions of instructional quality. Accordingly, it could be 
valuable to extend the mediation model by including these factors as 
mediators between high-quality teacher collaboration and the 

development of instructional quality.
Beyond analyzing the mediation model, the study results reveal one 

important additional aspect that extends previous research. As the an-
alyses included teacher collaboration perceived as useful for school 
improvement, the results provide evidence of the importance of 
involvement in several collaborative relationships perceived as useful. 
In other words, the higher the social capital of teachers (Hargreaves & 
Fullan, 2012), quantified by the extent of teacher collaboration 
perceived as useful for school improvement, the stronger the gain in 
instructional quality and student achievement. This result extends pre-
vious findings emphasizing the significance of high-quality teacher 
collaboration (e.g., Decuyper et al., 2010; Gräsel et al., 2006) by 
demonstrating that it is crucial for fostering instructional quality and 
student achievement. Thus, from a practical point of view, it would be 
valuable to not only foster high-quality teacher collaboration within 
schools but to extend this individual perspective by considering the 
social network throughout the school to ensure that teachers are 
involved in several interactions with others that are perceived as useful.

Further research could investigate the question of whether a linear or 
curvilinear relationship exists between the extent of high-quality 
teacher collaboration and the development of both instructional qual-
ity and student achievement. Due to their workloads and the importance 
of perceived autonomy in their work (Vangrieken et al., 2017), teachers 
could benefit from involvement in an optimal number of high-quality 
teacher collaborations. If this theory holds true, it would be valuable 
to identify the optimal balance between individual autonomy and 
collaborative practice (Vangrieken et al., 2017).

8. Limitations

Several limitations must be considered. 

1. Information from social network measures was used to analyze 
collaboration practice. Collaboration ties related to teaching and 
team and organization improvement were each measured using a 
single item only. Although this approach is common practice in so-
cial network research, as a multi-item approach to collecting 

Fig. 2. Results of the Multilevel Structural Equation Model 
Note. Continuous lines represent significant effects, dashed lines non-significant effects.
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network data has a significant participant burden, it must be criti-
cally discussed in terms of validity (Vörös & Snijders, 2017).

2. We only measured high-quality teacher collaboration once, at the 
beginning of the school year, capturing teachers’ collaborative 
practice from the previous six months rather than during the school 
year when changes in instructional quality and student achievement 
were analyzed. We argued that this approach allows us to identify 
teachers’ interpersonal routines within their schools (Hatch & Hill, 
2016; Spillane et al., 2016) as an important aspect of school 
improvement capacity for academic learning (Mitchell & Sackney, 
2011). Both routines and school improvement capacity lend struc-
ture to teachers’ discussion about instruction in the subsequent 
school year. Accordingly, our indicator is understood as a predictor 
of the change of instruction, measured prior to assessing instruc-
tional quality during the school year. While this design enables us to 
assess the potential time-lagged effects of collaboration on the 
development of teaching quality over the course of the year, it pro-
vides limited insight into the dynamic nature of teacher collabora-
tion and its ongoing role in enhancing teaching quality. As a result, 
reciprocal effects between collaborative practices and improvements 
in teaching quality could not be explored. To address this limitation, 
future research could incorporate multiple time points for measuring 
teacher collaboration, allowing for the analysis of reciprocal effects 
between collaboration practice on school improvement and teaching 
improvement on the change of student achievement. Daily analysis 
of collaboration practice in a longitudinal study using 
experience-sampling methods (Maag Merki et al., 2022) has the 
potential to investigate the relationship between collaboration 
practice and the development of instructional quality and student 
achievement in a more differentiated way.

3. Other school-level variables, such as school policy or school leader-
ship, could be important factors that affect student achievement 
indirectly (Heck & Hallinger, 2014; Kyriakides et al., 2015). This 
indirect effect is very likely mediated through teacher collaboration 
as well (Dorukbaşi & Cansoy, 2024; Woodland & Mazur, 2019). 
Therefore, an even more complex model might be promising that 
analyzes the relationship between school policy and school leader-
ship, with an effect on teacher collaboration, instructional quality, 
and, ultimately, student achievement.

4. Instructional quality in mathematics was only measured using a 
global scale, without considering central sub-dimensions, as has been 
suggested by research on the basic dimensions of instructional 
quality (Praetorius et al., 2018). Differentiated recording of 
instructional quality could produce different results. Some aspects 
could be easier to change (e.g., classroom management), whereas 
others (e.g., cognitive activation) are more demanding.

5. Although scalar measurement invariance over time was tested and 
confirmed in a separate CFA, the instructional quality scale showed 
some anomalies. First, the variance of the change score was, in 
comparison, very small and was considered not significant based on a 
Wald test. Although it is acknowledged that the Wald test may not be 
entirely appropriate for testing variances, a likelihood ratio (LR) test 
could not be applied in this case. However, the manifest level 2 
difference scores demonstrated a significant degree of variation (p <
.001). Second, the correlation between the initial level of instruc-
tional quality and the change term, again at level two, was positive, 
significant, and unexpectedly high. This is in contrast to the level one 
correlation, which was negative and significant. Future research may 
focus on whether this is a substantial finding or an indication of 
estimation issues resulting from latent variance decomposition and 
the reliance on level two variance components for modeling changes 
at that level, given the sample size. In addition to this methodological 
attempt at explanation, it could also be an indication of the limita-
tions in the operationalization of instructional quality. In both cases, 
caution should be taken when evaluating the results.

6. We only measured mathematics achievement at two time points. A 
study by Kyriakides et al. (2015) demonstrated that a longer-term 
assessment of students’ competence development provides a more 
valid assessment of the combined effects of school factors. Therefore, 
further studies should investigate the mediating effect of instruc-
tional quality over a longer period.

7. We conducted the study in primary schools. It might be important to 
consider other school levels. At the secondary level for instance, 
teaching is organized more subject-specifically and teachers teach 
individual subjects, which very likely affects collaboration among 
teachers.

8. As a substantial percentage of the classes are multigrade, the mean 
number of fifth-grade students per class was only 13. In combination 
with the substantial within-class variation of perceived instructional 
quality, the reliability of the scale at the class level (ICC 2) was 
relatively low at t1 (ICC 2 = 0.59) and only acceptable at t2 (ICC 2 =
0.69; Lüdtke et al., 2006). Consequently, even the effects of sub-
stantial sizes were not statistically significant. Hence, in further 
studies, more students per class would be needed.

9. Conclusion

This study underpins and extends previous international research by 
demonstrating that the extent of perceived high-quality teacher collab-
oration is crucial for fostering instructional quality and student 
achievement. Most importantly for school improvement practice, the 
findings demonstrate that teacher collaboration should emphasize not 
only the development of teaching practice but also the development of 
team work and the school as an organization. All three areas of school 
improvement are relevant preconditions for increasing the quality of 
teaching and, ultimately, student learning. However, we encourage re-
searchers conducting future studies to analyze the identified relation-
ships in a larger sample and in other student age groups and to 
investigate additional mediating variables between high-quality teacher 
collaboration and student achievement.
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