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Introduction
School emphasis on academic success is an essential aspect of school climate as it is pos-
itively associated with student achievement and well-being, leading researchers to focus 
on understanding the role of school climate in promoting positive student outcomes 
(Nilsen & Gustafsson 2014). The Trends in International Mathematics and Science Study 
(TIMSS) measures school emphasis on academic success (SEAS) as a critical compo-
nent of school climate. SEAS refers to school principals’ and teachers’ reports of to what 
extent students, parents, and teachers at their schools strive for high student achieve-
ment (Mullis & Martin 2017).
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Although teachers and principals were asked to rate SEAS levels within their schools, 
previous studies have rarely discussed potential differences between their ratings. Stud-
ies have commonly utilized teachers’ perceptions of SEAS when investigating teaching 
and learning in the classroom (Ker 2016). In contrast, researchers have tended to rely 
on principals’ perceptions of SEAS when examining the school or policy level (Bellens et 
al., 2020). Ramsey and colleagues (2016) conducted a study to investigate the differences 
in perceptions of school climate dimensions, including schools’ emphasis on academic 
success, among students, parents, and school staff (including teachers, administrators, 
and assistant principals). They found that school staff rated academic emphasis lower 
than parents and students. In contrast, parents rated parental involvement the lowest, 
and students reported the lowest perception of safety and connectedness, indicating that 
informants differed in their perception of school climate (Ramsey et al. 2016).

These findings call attention to the agreement between multiple informants and raise 
concerns about possible reporting bias in results on SEAS. With parallel SEAS items, 
TIMSS data provided an opportunity to examine rater agreement between teachers and 
principals. The Israeli data, which included three teachers per school and sufficient rat-
ing responses (over 97.5% for principals and 98.5% for teachers on SEAS items), was 
used to investigate the concordance between teachers’ and principals’ perceptions of the 
emphasis placed by teachers, parents, and students on academic success. Additionally, 
in an attempt to construct a valid argument for either perception, we investigated the 
correlation between different perceptions and the mathematics achievement of students.

Conceptualizing school emphasis on academic success

Many studies within the field of educational effectiveness research have focused on iden-
tifying malleable school factors that are associated with student achievement, with the 
aim of improving educational outcomes and closing achievement gaps (Scheerens 2017). 
Among these studies, research consistently observed that, among other factors, the 
school climate plays a crucial role in shaping the quality of interactions within a school 
(Rudasill et al. 2018). Moreover, it reflects the shared values held within a school com-
munity and has a pervasive impact on virtually every aspect of students’ school expe-
rience (Thapa et al., 2013). Thus, school climate has caught wide research attention 
because of its potential to improve student achievement and reduce problematic behav-
ior or student dropout (Wang & Degol 2016).

Although there is no consensus on how to conceptualize school climate in detail, the 
importance of a school’s emphasis on academic success as one subdomain of school cli-
mate is well recognized (Thapa et al., 2013; Wang & Degol 2016). Studies have revealed 
positive relationships of it to student achievement across cultures (Wu et al. 2013) and 
subjects (Park et al. 2019). Moreover, Hoy et al. (2006) showed that academic emphasis is 
closely related to collective efficacy and faculty trust by defining the construct “Academic 
Optimism” as “a shared belief among faculty that academic achievement is important, 
that the faculty has the capacity to help students achieve, and that students and parents 
can be trusted to cooperate with them in this endeavor” (p. 204). “Academic emphasis” 
refers to how learning and teaching are promoted in a school—for instance, emphasizing 
the commitment to high academic standards, expectations that encourage students to 
do their best, leadership from teachers and principals directed towards improving stu-
dent outcomes, and social interactions focusing on academic activities (Wang & Degol 
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2016). Based on this conceptualization, Martin and colleagues (2013) created the TIMSS 
construct called School Emphasis on Academic Success (SEAS), which was “indicated by 
rigorous curricular goals, effective teachers, students that desired to do well, and parent 
support.”

In detail, SEAS is assessed in TIMSS by school principals’ and teachers’ ratings of stu-
dents’, parents’, and teachers’ expectations for student achievement and their commit-
ment to supporting high achievement through various means (Mullis & Martin, 2017). 
The scales were implemented for the first time in TIMSS 2011 (Martin et al. 2013) and 
changed slightly in TIMSS 2015 and 2019 based on conceptual and empirical consider-
ations (Mullis & Martin, 2017).

Earlier studies utilizing TIMSS data revealed that SEAS was positively related to stu-
dent achievement and motivation (Wang & Degol 2016). Nilsen and Gustafsson (2014) 
explored the impact of SEAS as a subdomain of school climate on science performance 
in Norway, finding that SEAS helped to improve students’ performance in all science 
subdomains. Other studies examining the relationship between SEAS, safety, orders 
in school, and instructional quality also found positive associations (Scherer & Nilsen 
2016).

Dimensions of SEAS and their relation to student achievement

Discussions about academic emphasis mainly focus on three groups—teachers, stu-
dents, and parents. But only a few studies have looked into whether these form differ-
ent dimensions of SEAS and thus violate the unidimensionality assumption underlying 
many studies. In a preliminary approach, Gustafsson and Nilsen (2016) adopted five 
items from teacher questionnaires in TIMSS 2007 and 2011 to measure SEAS. They 
indeed found signs of multidimensionality. Badri (2019) used 13 SEAS items from the 
principal questionnaire in TIMSS 2015 and came to a similar conclusion. Thus, these 
studies are the first indications that one may have to distinguish how different groups’ 
emphasis is perceived at a school.

While a positive relation between SEAS and student outcomes has been established 
on a general level (Martin et al. 2013), the associations between the dimensions of SEAS 
pertaining to parents, students, and teachers, and their impact on academic outcomes, 
have been largely unexplored by researchers. We found only two studies summarized 
above (Badri 2019; Gustafsson & Nilsen 2016). Gustafsson and Nilsen (2016) found that 
parental support had a strong effect, student desire had a smaller positive influence, but 
teacher items had no impact on student achievement. Badri (2019) found that the items 
related to parents and students had a significant impact on student achievement, while 
the items related to teachers did not demonstrate any significant influence.

Choosing the appropriate level of analysis

Teachers’ data in TIMSS were collected by providing a questionnaire to individual teach-
ers at a school and asking for their respective responses. However, the primary purpose 
of collecting individuals’ ratings of SEAS is to assess the school climate (Mullis & Martin, 
2017). SEAS is thus a collective property, and the appropriate level of analysis would be 
the school level (Marsh et al. 2012), based on aggregated individual perceptions of the 
teachers (Hoy et al., 2006). Ratings at the school level reflect teachers’ average percep-
tion of SEAS, while individual differences are considered sources of error (Lüdtke et al., 
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2009). Hence, the primary interpretation of SEAS should be based on the proper aggre-
gation of individual responses (Marsh et al., 2012).

However, few studies have examined SEAS at the school level; most have adopted 
teachers’ ratings and focused on the classroom level (Nilsen & Gustafsson 2014). These 
studies did not deal with potential differences between school environments but with 
individual differences in teacher perceptions (Lüdtke et al. 2009). One possible expla-
nation for this practice is that using teachers’ individual ratings may be easier method-
ologically and more convenient to handle in the modeling. However, this method raises 
conceptual and methodological concerns. Among others, measurement invariance and 
multilevel reliability issues need to be considered. It is worth noting that, in most case, 
there was only one math teacher per classroom in each school in TIMSS data, which 
may lead to the practice ignoring the difference between school and classroom levels. 
Besides, since teachers were not chosen randomly but rather selected based on the ran-
dom selection of the classroom, an individual teacher’s assessment of SEAS may not 
accurately reflect the entire school.

Measuring SEAS from multiple informants

Besides taking into account the potential multidimensionality of SEAS and choosing the 
appropriate level of analysis, there is another consideration in measuring SEAS: Whose 
ratings should be used to receive a valid picture? In TIMSS, both teachers and principals 
are asked to provide information about the implementation of curricula, teachers’ abil-
ity to inspire students, parents’ involvement, and their expectations for student achieve-
ment (Mullis & Martin, 2017). Since SEAS is collective school property, both principals’ 
and teachers’ ratings may matter in its assessment.

Moreover, multi-informant ratings may reflect various layers and dimensions of a con-
text, in our case, SEAS, and thus help reduce the impact of biases and random errors, 
which is at the heart of crafting a validity argument for a construct (Wagner et al. 2010). 
Teachers and principals play varying roles in the school, and their perceptions of SEAS 
may differ due to their differential interactions with students and the environment. For 
instance, teachers are nested in schools, and their perceptions of SEAS may be affected 
by principals to a certain degree (Hallinger 2018). It is well known that principals play 
a crucial role in shaping the learning environment in schools (Hallinger 2018). Conse-
quently, how principals perceive SEAS within the school may also affect teachers’ per-
ceptions (Sanchez et al. 2020). Meanwhile, teachers’ perceptions of principals’ behaviors 
also depend on their interactions with the principal (Hallinger 2018). Therefore, a mul-
tilevel framework of teachers’ perceptions, both nesting and interacting with principals’ 
perceptions, may illuminate construct validity and further our understanding of SEAS.

Although both teachers’ and—rarely—principals’ perceptions were used to explore 
the impact of SEAS, their congruence has rarely been discussed. However, the impor-
tance of gathering data from multiple informants—and being aware of potential discrep-
ancies—has been highlighted in the literature about aggregated characteristics. Kuger 
and Klieme (2016) emphasized the importance of assessing school climate using various 
sources, such as teachers’ and principals’ ratings. Holzberger and Schiepe-Tiska (2021) 
used both teacher and principal ratings to evaluate the relationship between school 
context and instructional quality. Finding that teachers’ perceptions of school context 
were more relevant to instructional quality than those of principals, they recommended 
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measuring school characteristics with various sources on both classroom and school 
levels. Discrepancies in ratings across groups have been found despite seemingly similar 
experiences, suggesting that respondents may have disparate perceptions (Mitchell et al., 
2010).

The present study

The present study examines teachers’ and principals’ perceptions of SEAS in a multilevel 
framework and investigates their relationship to student achievement in mathematics, 
aiming to contribute to crafting a validity argument and understanding the role of SEAS 
in school improvement. In this context, we address methodological challenges associ-
ated with school research to provide reliable and valid findings.

Taking advantage of the parallel SEAS measures for teachers and principals in the 
TIMSS 2019 data, we examined teachers’ and principals’ perceptions of parents’, stu-
dents’, and teachers’ emphasis on academic success in terms of their invariance, agree-
ment, and relations to students’ mathematics achievement. Specifically, we address the 
following research questions (RQs):

RQ1. To what extent are the measures of SEAS invariant between teachers and 
principals?

RQ2. To what extent are teachers’ and principals’ perceptions of parents’, students’, and 
teachers’ emphasis on academic success correlated?

RQ3. To what extent are teachers’ and principals’ perceptions of parents’, students’, and 
teachers’ emphasis on academic success related to student achievement?

Methods
Sample and procedure

TIMSS 2019 followed a two-stage stratified cluster sampling design in which schools 
were randomly sampled. Within schools, one or more intact classes were then selected 
from the target grades (Mullis & Martin, 2017). The sample utilized for the present study 
comprises Israeli eighth-grade students who participated in TIMSS 2019 (N = 3582), 
along with their teachers (n = 418) and principals (k = 156). We removed student data 
without teachers’ or principals’ ratings of SEAS from the sample (0.5–3.0%). On average, 
nine students were nested in one classroom, and three classrooms were nested in one 
school. In addition, 47 students with two or more mathematics teachers were removed 
from the data to secure a clear-cut student-teacher link. On average, teachers had 15.7 
years of experience in teaching (SD = 10.1), and principals had nine years of experience 
in their jobs (SD = 7.6).

Measures

School emphasis on academic success (SEAS)

Teachers and principals were asked to respond to the same 11 items measuring SEAS 
(see Table 1). Items 1 to 4 referred to teachers, items 5 to 8 to parents, and 9 to 11 to 
students. Teachers and principals rated the SEAS items in five categories, from 1 (very 
high) to 5 (very low). Response codes were reversed for the present study so that a higher 
score represented a higher level of perceived SEAS. For the measurement properties of 
the scales, please refer to the Results section.
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Students’ mathematics achievement

TIMSS 2019 included more than 200 items requiring students to use knowing, appli-
cation, and reasoning skills in mathematics (Mullis & Martin, 2017). The eighth-grade 
mathematics test had four content domains, with 30% of the assessment devoted to the 
number domain (i.e., ratios), 30% to algebra (i.e., equations), 20% to geometry (i.e., geo-
metric shapes), and 20% to data and probability.

Israel participated in TIMSS 2019 in a digital format (eTIMSS) for the eighth-grade 
population and ranked 9th among the 39 participating countries (average score of 519). 
The Israeli education system is characterized by its complexity, with schools catering 
to diverse racial and religious groups and resource allocation varying across schools in 
response to disparities in economic status (Agbaria 2018). Due to the relatively lower 
requirement for specialized resources (e.g., lab equipment) in mathematics compared to 
subjects like science, we opted to utilize data from the TIMSS mathematics assessment 
for our study.

To estimate students’ proficiency, TIMSS created plausible values (PVs) based on 
students’ responses to the items and conditioned on all available background data 
(Laukaityte & Wiberg 2017). Specifically, TIMSS used population models to estimate 
distributions of proficiencies and a latent regression of the proficiency on contextual 
data, and the estimation of the regression is conducted separately for each country 
(Martin et al. 2020). We used all five plausible values, conducted the analyses for each of 
the five PVs, and combined the results via Rubin’s (1987) combination rules.

Statistical analyses

Intraclass correlations and reliability

First, we computed the intraclass correlations ICC(1) and ICC(2) to determine the pro-
portion of variance at the school level and, respectively, to evaluate whether the aggre-
gated ratings were reliable indicators of group-level constructs (Lüdtke et al. 2009). 

Table 1 Descriptive statistics for items assessing “Schools’ Emphasis on Academic Success (SEAS)”
 Teachers

(N = 418)
Principals
(N = 156)

SEAS items Variable M SD Variable M SD
1 Teachers’ understanding of the school’s cur-

ricular goals
BTBG06A 4.23 0.71 BCBG14A 4.17 0.65

2 Teachers’ degree of success in implementing 
the school’s curriculum

BTBG06B 3.95 0.75 BCBG14B 3.96 0.58

3 Teachers’ expectations for student 
achievement

BTBG06C 3.86 0.79 BCBG14C 4.01 0.66

4 Teachers’ ability to inspire students BTBG06D 3.82 0.80 BCBG14D 3.58 0.64
5 Parental involvement in school activities BTBG06E 3.24 0.97 BCBG14E 3.24 0.85
6 Parental commitment to ensure that stu-

dents are ready to learn
BTBG06F 3.04 0.90 BCBG14F 3.22 0.93

7 Parental expectations for student 
achievement

BTBG06G 3.84 0.78 BCBG14G 3.95 0.73

8 Parental support for student achievement BTBG06H 3.41 0.80 BCBG14H 3.55 0.80
9 Students’ desire to do well in school BTBG06I 3.57 0.76 BCBG14I 3.82 0.60
10 Students’ ability to reach school’s academic 

goals
BTBG06J 3.47 0.71 BCBG14J 3.66 0.62

11 Students’ respect for classmates who excel 
academically

BTBG06K 3.67 0.77 BCBG14K 3.97 0.61

Note Ratings were recoded to (1) very low – (5) very high



Page 7 of 19Ye et al. Large-scale Assessments in Education           (2024) 12:19 

Second, we estimated level-specific reliability coefficients for each SEAS dimension 
and the entire scale. With teachers nested in schools, overall reliability estimates may 
be biased due to violations of the independent residual assumption, and hence, level-
specific reliability estimates are preferred over single-level reliability estimates (Geldhof 
et al. 2014). In our study, we therefore estimated level-specific Cronbach’s Alpha and 
McDonald’s Omega. To estimate the latter, we used Lai’s (2021) corrected formulas for 
individual-level constructs.

Measurement models and model fit

Testing invariance is vital in evaluating whether items measure the same attributes for 
different respondent groups (Putnick & Bornstein, 2016). Since teachers and principals 
are groups at distinct levels, measurement invariance testing in this study includes two 
parts—the invariance of the SEAS measurement models across levels (i.e., classroom 
vs. school level) and across groups (i.e., teachers vs. principals). Because the traditional 
multi-group confirmatory factor analysis method is not feasible for this purpose, multi-
level structural equation modeling provides a solution to separate the levels of analysis 
and evaluate within- and between-group differences, respectively (Muthén, 2011).

For the between-level construct SEAS, representing the aggregate of teachers’ ratings 
within each school, cross-level constraints are required (Stapleton, Yang, & Hancock, 
2016). The within and between levels should share the same factor structure and equiva-
lent factor loadings (Jak & Jorgensen, 2017). Therefore, cross-level invariance for teach-
ers’ perceptions of SEAS was established as the first step. Subsequently, measurement 
invariance across informants was tested at the school level, as suggested by Kim et al. 
(2018). Specifically, we estimated a series of five multi-group confirmative analysis mod-
els (MCFA) with equality constraints and compared the deterioration in model fit. The 
first model (MCFA Model 1) assumed configural invariance across levels for teacher rat-
ings and configural cross-group invariance without any parameter equality constraints. 
The second model (MCFA Model 2) assumed cross-level metric invariance with equal 
factor loadings of teacher ratings across levels, yet freely estimated parameters of the 
measurement model describing principal ratings. The third model (MCFA Model 3) 
contained metric cross-level and cross-group invariance constraints. The fourth model 
added equal intercepts at the school level between teacher and principal ratings and 
thus assumed cross-group scalar invariance. Finally, the fifth model was based on MCFA 
Model 3 and added equal factor covariances across informants (see Fig. 1).

To evaluate the model fit, we used relative fit indices: the Comparative Fit Index 
(CFI), the Root Mean Square Error of Approximation (RMSEA), and the Standard-
ized Root Mean Square Residual (SRMR). This study followed the following common 
guidelines: CFI ≥ 0.90, RMSEA ≤ 0.05, and SRMR < 0.08 for an acceptable overall fit of 
the model (Marsh, Hau, & Grayson 2005). Moreover, ΔCFI < 0.01 and ΔRMSEA < 0.015 
were adopted as the criteria to test measurement invariance (Kim et al. 2018). However, 
we did not consider these guidelines as fixed rules but applied some flexibility, as they 
depend on, for instance, the number of factors, the size of factor loadings, the levels of 
analysis, the sample-size ratios, and the complexity of the analytic models (Rappaport et 
al., 2020).

As Asparouhov and Muthén (2018) noted, if the number of clusters is less than 200, 
SRMR values at the between level may be high, even when the model fits reasonably 
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well. Considering the number of schools in our analysis, the 0.08 threshold for SRMR at 
the between level is too strict. We followed the suggestion of Asparouhov and Muthén 
(2018) and conducted chi-square tests to confirm the model fitting at the between level.

Multilevel structural equation modeling (MSEM)

This study also used the MSEM framework for evaluating the relations between SEAS 
and student achievement via three-level models, with student data at level 1, teacher rat-
ings at levels 2 and 3 (aggregated), and principal ratings at level 3. We extended the mul-
tilevel CFA models with acceptable model fit and parameter constraints by structural 
models at the teacher and the school level using students’ mathematics achievement as 
an outcome variable (see Fig. 2).

Missing data and sampling weights

We used maximum likelihood estimation with robust standard errors (MLR) and han-
dled missing data with the full-information-maximum-likelihood procedure. TIMSS 
data have ready-to-use scaled weights prepared for a single-level analysis but are not 
suitable for multilevel modeling (Rutkowski et al. 2010). Therefore, we followed the 
method proposed by Rutkowski et al. (2010) and used the manually rescaled student, 
classroom, and school weights in our analyses. The Israeli TIMSS 2019 data are openly 
available and can be downloaded from the International Association for the Evaluation 
of Educational Achievement (IEA) international TIMSS database at https://timss2019.
org/international-database/. We prepared the data using the R software Version 4.0.2 (R 
Core Team, 2019) and the R package intsvy (Caro & Biecek, 2017) and conducted all 
analyses using Mplus Version 8.8 (Muthén & Muthén, 2017).

Fig. 1 MCFA Model 1 Teachers’ and Principals’ Perceptions of SEAS. Note Circles represent latent variables; boxes 
represent manifest variables; (t) and (p) refers to teachers’ and principals’ ratings; superscripts B and W refer to 
the between or within level; T, P, and S refer to the teacher, parent, and student sub-dimension of SEAS; TB

(p)  = 
principals’ ratings of the Teacher Sub-dimension on the between level; TB

(t)  = teachers’ ratings of the Teacher Sub-
dimension on the between level; TW

(t)  = teachers’ ratings of the Teacher Sub-dimension on the within level; A = 
item BTBG06A in teachers’ rating or BCBG14A in principals’ rating

 

https://timss2019.org/international-database/
https://timss2019.org/international-database/
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Results
Variability and reliability

Despite minor variations in the descriptive statistics, there was a notable similar-
ity between the ratings of SEAS items provided by both teachers and principals (see 
Table 1). Analysis of the SEAS assessment data revealed that the teacher-related dimen-
sion consistently contained the two highest-rated items, while the parent-related dimen-
sion consistently contained the three lowest-rated items. Notably, principals assigned 
higher ratings to items within the student-related dimension compared to teachers.

A necessary precondition for multilevel analyses is sufficient variability at different lev-
els, which can be expressed in the intraclass correlation ICC(1). In line with Hedges and 
Hedberg (2007), this study found ICC(1) values sufficiently variably since they are in the 
range of 0.15 to 0.32 (see Table 2). Item 5 from the parent dimension exhibited the high-
est proportion of between-school variance in teacher ratings (ICC[1] = 0.32). Item 3 from 
the teacher dimension showed the lowest between-school variability (ICC[1] = 0.14). 
Based on the relative agreement among teachers and an average of 2.7 teacher ratings 
per school, ICC(2) values were above 0.75, indicating excellent reliability of average rat-
ings (LeBreton & Senter, 2008).

Next, we examined the reliabilities of SEAS dimensions. In principals’ ratings, Cron-
bach’s α estimates were acceptable for the dimensions related to teachers and parents, 
but only barely for the students (α = 0.69). If the more unbiased indicator, McDon-
ald’s Omega, was considered, the reliability for the student dimension was acceptable 
(ω = 0.72). In teachers’ ratings, between-level reliabilities were higher than the within-
level estimates for dimensions related to parents and students (see Table 3).

Fig. 2 MSEM Model 1 Relation Between the Teacher Sub-dimension and Students’ Mathematics Achievement. 
Note Circles represent latent variables; boxes represent manifest variables. TB2

(p)  = Principals’ ratings of the Teacher 
Sub-dimension at the school level; TB2

(t)  = Teachers’ ratings of the Teacher Sub-dimension at the school level; 
TB1

(t)  = Teachers’ ratings of the Teacher Sub-dimension at the classroom level; A = item BTBG06A in teachers’ rat-
ing or BCBG14A in principals’ rating; MathW  = Math achievement at the individual level, B1 = classroom level, 
B2 = school level
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Research question 1: Measurement invariance between informants

As noted earlier, we estimated a series of MCFA models testing different invariance 
constraints. The fit indices of these models and the respective model comparisons are 
shown in Table 4. Adding cross-level metric invariance constraints to the teacher rat-
ings did not deteriorate the model fit significantly (MCFA Models 1 vs. 2). Similarly, the 
fit indices remained stable when incorporating the cross-group metric invariance con-
straints (MCFA Model 3). Hence, metric invariance across levels and informants could 
be assumed.

However, when imposing the quality of intercepts to the school-level variables (sca-
lar measurement invariance; MCFA Model 4), the model fit deteriorated, ∆χ2(5) = 116.9, 
p < .001, ∆ CFI = -0.016. As a consequence, we cannot assume that average ratings of 
SEAS were invariant between teachers and principals, and latent mean differences may 
thus not be reported.

Research question 2: Agreement between teachers and principals

Regarding the agreement between teachers and principals, we examined the factor 
correlations at the school level, utilizing the MCFA Model 3. Table 5 shows the resul-
tant correlation matrices. First, we investigated the correlations among the three SEAS 
dimensions for the teacher and the principal ratings, respectively. The findings indicated 
strong positive correlations among the three dimensions of teachers’ ratings, with coef-
ficients ranging from 0.86 to 0.96. Of note, the highest correlation was observed between 
teachers’ perceptions of parents’ and students’ prioritization of academic success 
(r = .96), whereas the lowest correlation was identified between teachers’ perceptions of 
their own and students’ emphasis on academic success (r = .86). For principals, the cor-
relations among the three dimensions were generally lower (0.60 ≤ r ≤ .87). In line with 
teachers’ perceptions, the strongest relationship was found between the student and par-
ent dimensions (r = .87). The weakest, however, was between the teachers’ and parents’ 
dimensions (r = .60).

To further test if these factor correlations among the SEAS dimensions were the same 
for teachers and principals, we constrained the factor correlations in MCFA Model 3 to 
be equal across informants (see Table 4). The resultant MCFA Model 5 assumed struc-
tural invariance and deteriorated the model fit, ∆χ2(3) = 12.7, p < .01, ∆ SRMR-level 
3 = 0.049. Hence, factor correlation matrices were not the same for the two groups.

Second, we examined the correlations for each dimension across teachers’ and princi-
pals’ ratings at the school level. The correlation between teachers’ and principals’ ratings 
was the highest for their perception of parents’ emphasis on academic success (r = .72). A 
weaker correlation was found for the perception of students’ emphasis (r = .53), and only 
a very low correlation was found for the teacher dimension (r = .17). In summary, teach-
ers and principals shared the highest agreement on the parent dimension and the lowest 
for the teacher dimension.

Research question 3: Relations to student achievement

To evaluate the relationship between SEAS and students’ mathematics achievement, we 
used MSEM Model 2 to ensure the same interpretation of SEAS for teachers and prin-
cipals. In the following section, the school-level results are reported. Given the strong 
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correlations among some of the SEAS dimensions, we examined the relations between 
student achievement and the three SEAS dimensions separately.

The strongest association between SEAS and student outcomes was found for teach-
ers’ rating of students’ emphasis on academic success (see Table 6). Similarly, principals’ 
rating of students’ emphasis on academic success was the strongest predictor for student 
achievement.

However, teachers’ and principals’ ratings differ for the other two dimensions. In the 
case of teachers’ ratings, their perception of parents’ emphasis on academic success was 
the weakest predictor for student outcomes, whereas principals’ perception of teachers’ 
emphasis was the lowest predictor for students’ achievement. Both SEAS ratings were 

Table 3 Cronbach’s alpha, and composite reliability for SEAS and its three dimensions
Principals’ Perceptions 
(Between)

Teachers’ Perceptions 
(Within)

Teachers’ Perceptions 
(Between)

α ω α ω α ω
TSUB 0.78 0.78 0.73 0.72 0.71 0.74
PSUB 0.84 0.85 0.80 0.81 0.85 0.82
SSUB 0.69 0.72 0.73 0.74 0.85 0.86
Note α = Cronbach’s Alpha, ω = McDonald’s Omega, T/P/SSUB = teacher/parent/student dimension

Table 4 Model Fit indices for SEAS in three-level CFA models testing the invariance across 
informants
Three-
level 
CFA

Cross-
level 
Invariance

Cross-
group 
invariance

X2 df p RMSEA CFI SRMR-L1 SRMR-L2 SRMR-
L3

MCFA 
Model 
1

Configural Configural 311.377 219 0.000 0.011 0.962 0.000 0.062 0.140

MCFA 
Model 
2

Metric Configural 329.081 227 0.000 0.011 0.958 0.000 0.053 0.119

MCFA 
Model 
3

Metric Metric 336.961 235 0.000 0.011 0.958 0.000 0.054 0.124

MCFA 
Model 
4

Metric Scalar 380.425 240 0.000 0.013 0.942 0.000 0.053 0.121

MCFA 
Model 
5

Metric Structural 348.215 238 0.000 0.011 0.954 0.000 0.056 0.173

Note CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; SRMR-L1, -L2 and -L3 = Standardized 
Root Mean Square Residual at the student, classroom, and school levels, MCFA = Multilevel Confirmatory Factor Analysis; 
Chi-square tests supported that MCFA models were fitting well despite higher SRMR values at Level 3

Table 5 Correlation matrices for SEAS dimensions at the School Level
Teacher ratings Principal ratings

Dimensions Teachers Parents Students Teachers Parents Students
Teacher ratings Teachers 1

Parents 0.87* 1
Students 0.86* 0.96* 1

Principal ratings Teachers 0.17 0.47* 0.49* 1
Parents 0.24 0.72* 0.66* 0.60* 1
Students 0.18 0.59* 0.53* 0.69* 0.87* 1

Note *. Correlation is significant at the 0.05 level (2-tailed)
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significantly related to student achievement only if cross-level and cross-group metric 
invariance were not assumed. However, in MSEM Model 2, when metric invariance was 
established, only teachers’ ratings of SEAS were significantly associated with the out-
come, not the principals’. In summary, teachers’ yet not principals’ ratings were related 
to student achievement.

Discussion
Previous studies have revealed a positive relationship between SEAS and student 
achievement. However, little was known about the validity and reliability of the con-
struct, depending on who provided the information (i.e., teachers or principal), which 
group at a school the informants were thinking about (i.e., parents or students), and the 
influence of the assorted SEAS dimensions on educational outcomes. This study aimed 
to investigate, firstly, to what extent teachers and principals agree in their perceptions of 
SEAS, secondly, whether there are differences across target groups, and thirdly how the 
SEAS ratings are related to students’ mathematics achievement.

Moreover, using a large-scale data set obtained from TIMSS 2019, this study intro-
duced multilevel confirmatory factor analysis models that allowed measurement invari-
ance testing. Only with the establishment of measurement invariance across levels and 
groups, it is possible to make meaningful and valid comparisons between teachers’ and 
principals’ perceptions. As a component of school climate, SEAS is a school-level con-
struct. However, teachers at a school may vary in their SEAS perceptions. To appropri-
ately model the source of variation, this study followed the suggestion of Stapleton et al. 
(2016)—treating SEAS as a shared construct at the school level and SEAS as a config-
ural construct at the individual level. Factor loadings were constrained to be equal across 
levels.

Agreement between perceptions of teachers and principals

SEAS can be evaluated based on different informants; in TIMSS, this is done based on 
principal and teacher reports. The starting point for our study was that data from multi-
informants, especially structurally different groups such as teachers and principals, may 
provide a more complete perspective of SEAS than just asking one group. Multi-infor-
mant data may thus also provide comprehensive insights into the validity of the different 
group reports (Konold & Cornell 2015). However, a precondition for this would be that 
cross-group measurement invariance exists, meaning that disparate groups understand 
the construct similarly. We could not identify any study that had previously examined 
this question with respect to SEAS and TIMSS data. Previous multi-informant studies 

Table 6 Relations between SEAS and student achievement at the school level
MSEM Model 2 Teacher 

dimension
Parent 
dimension

Student 
dimension

Estimate (SE) p Estimate (SE) p Estimate (SE) p
BSMMAT ON TSEAS(T/P/S) 0.73* (0.28) 0.01 0.70* (.18) 0.00 0.73* (.17) 0.00
BSMMAT ON PSEAS(T/P/S) 0.00 (0.18) 0.98 0.03 (.16) 0.86 0.06 (.19) 0.75
TSEAS(T/P/S) WITH PSEAS(T/P/S) 0.41* (.18) 0.00 0.62* (.13) 0.00 0.53* (.11) 0.00
Note BSMMAT = Student mathematics achievement (five plausible values), TSEAS = Teachers’ perception of SEAS, 
PSEAS = Principals’ perception of SEAS, (T/P/S) = teacher, parent, student dimensions of SEAS, *. Coefficient is significant 
at the 0.05 level (2-tailed)
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(Konold & Cornell, 2015; Schwab et al. 2020; Wagner et al. 2016) concerned cross-level 
invariance or cross-group invariance of other school or classroom constructs.

Our study revealed that metric invariance held between teacher and principal rat-
ings—hence, teachers and principals seemed to understand and interpret the SEAS sim-
ilarly. Thus, factor means could be compared in a meaningful way by constraining the 
factor loadings across the two groups equally (Jak & Jorgensen 2017). However, a similar 
interpretation or understanding of a construct does not mean that various groups agree 
on the level of emphasis on academic success in a school. Such an agreement would 
require scalar measurement invariance which we were not able to confirm based on 
the data at hand. To phrase it bluntly, teachers and principals may agree on what they 
are talking about when they think about their school’s emphasis on academic success, 
but not on the extent to which different group actually emphasize it. Indeed, our results 
indicate that teachers rated SEAS at their schools lower than principals with respect to 
students’ emphasis. This result concurs with Schwab et al. (2020), who concluded that it 
matters who rates a construct.

Our study also investigated the correlations between teachers’ and principals’ ratings 
of the three SEAS dimensions as a way to validate agreements and disagreements. The 
highest correlation was found for the parent dimension (r = .72). Although this can be 
evaluated as a strong relationship that indicates some agreement, the effect size leaves 
substantial room for distinctions, given that only half of the variance is explained. 
While a relatively weaker correlation was observed for the student dimension (r = .53), 
which accounted for only about 30% of the variance, additional inquiries must be made 
concerning the level of agreement between teachers’ and principals’ perceptions with 
regards to the teacher-related dimension. The relationship between principals’ and 
teachers’ ratings of teachers’ emphasis on academic success was found to be non-signifi-
cant (r = .17, p = .24).

We interpret the result with respect to parents and students as an indicator of the 
different roles played by teachers and principals at a school. For example, teachers are 
closer to students, and their perceptions of students and parents are based on more 
direct observations than principals’. On the one hand, these may provide teachers with 
more accurate information about students’ and parents’ emphasis on academic success. 
On the other hand, being closer to students may go along with higher expectations of 
teachers compared to principals when it comes to parental involvement, commitment, 
and support or students’ desire to do well and to respect their classmates. These dif-
ferences between principals and teachers could explain that there is some unexplained 
variance in the correlations.

It is more difficult to understand and explain why principals’ and teachers’ ratings of 
teachers’ emphasis on academic success are not related at all, in particular, given that no 
mean differences exist and that the two groups interpret the construct in the same way. 
Differential expectations and accuracy in observations could play a role here as well. In 
addition, the reliability of teachers’ ratings of their own emphasis is lower than that of 
other groups’ emphasis. However, further research is needed here to fully understand 
the differences. In any case, the differences not only highlight the unique roles and per-
spectives of informants but also methodological and practical questions concerning the 
measurement of SEAS. Similar to the findings of studies exploring the dimensions of 
other constructs (Konold & Cornell 2015; Wagner et al., 2016), this study found that 



Page 15 of 19Ye et al. Large-scale Assessments in Education           (2024) 12:19 

agreement varied by dimension, which does not suggest treating SEAS as a unidimen-
sional construct.

While no further studies exist that examine the present research question, our results 
can be compared with multi-informant studies on other school or classroom constructs. 
Konold and Cornell (2015) compared teachers’ and students’ school climate ratings with 
respect to perceived student support, student engagement, and the prevalence of teasing 
and bullying. Similar to one of our results, with respect to principals’ and teachers’ rat-
ings of parents’ emphasis on academic success, they found rather strong evidence of con-
vergent validity across the two groups (r ~ .80). Wagner et al. (2016) used teachers’ and 
students’ ratings to examine dimensions of instructional quality. In line with the wide 
variety of our results depending on the target group that had to be rated, they found also 
that the strength of correlations varied by dimension and time point between not signifi-
cant at all and a maximum of r = .77, with higher agreements between teacher and stu-
dent ratings on classroom management and goal clarity but lower on student support.

Relationship to student achievement

To validate the types of ratings conducted in TIMSS, we investigated the relationship 
between SEAS and students’ mathematics achievement at the school level. Previous 
studies examined the influence of SEAS at the classroom level (Nilsen & Gustafsson 
2014) or in a single-level analysis (Badri, 2019). Unlike these studies, we pointed out 
the importance of choosing the appropriate analysis level for SEAS. As a school climate 
characteristic, it is preferred to analyze SEAS at the school level, with teacher ratings 
aggregated to this level. This also makes it possible to use principals as informants.

Our data revealed that the relationship of SEAS to student outcomes varied by the 
source of information (teacher or principal) and the dimension (parents’, students’, 
or teachers’ emphasis on academic success). With respect to all three SEAS dimen-
sions, teacher ratings were significantly and positively related to students’ mathematics 
achievement, while this did not apply to principals. Since predictive validity is a corner-
stone of empirical research, we can confirm that teachers provide valid information on 
SEAS whereas the validity of principals’ ratings has to be questioned. More research on 
this relation is advised.

Notably, at the classroom level, the relationship between teachers’ ratings of their own 
emphasis on academic success and student outcomes was negative (β = − 0.02, SE = 0.08, 
p = .75). Although not significant, the estimate points on the one hand to the impor-
tance of selecting the appropriate level of analysis. It underscores on the other hand the 
importance of examining potentially non-linear impacts of SEAS in the future. To some 
degree, this result corresponds with the finding that the interaction between teachers 
and students exhibits a non-linear relationship with student outcomes (Aldrup et al. 
2022). We would like to point out in this context that the present study in all cases exam-
ined linear relations only. It is well possible that in cases where we did not find such rela-
tions, non-linear relations in terms of quadratic (“u” curve), cubic (two curves), or other 
shapes exist.

Previous studies utilizing TIMSS data found teacher ratings of the parent and student 
dimensions to be the strongest and second-strongest predictors of student outcome 
(Badri 2019; Nilsen & Gustafsson 2014). Our study not only added principals’ percep-
tions of SEAS but also revealed different results with respect to the relevance of teachers’ 
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perceptions of SEAS for student outcomes. The relationship between teachers’ percep-
tion of students’ emphasis on academic success and student achievement was by far 
the strongest (β = 0.73), while the impact of the parent dimension was weaker (β = 0.70). 
Moreover, unlike previous findings, this study found that teachers’ rating of their own 
emphasis also was significantly related to student outcomes (β = 0.73), underscoring the 
importance of examining SEAS at the appropriate level.

An increasing number of studies investigate the validity of informants’ ratings con-
cerning other school or classroom constructs by relating these to external variables, such 
as student outcomes (Wagner et al. 2010). The results are inconsistent with respect to 
the validity of students’ or teachers’ perceptions of school climate respectively. Mitchell 
et al. (2010) found that classroom-level factors were more closely associated with teach-
ers’ perceptions, but school-level factors were more closely associated with students’ 
perceptions. They also found an inverse association between teachers’ and students’ rat-
ings of academic emphasis. In contrast, Wagner et al. (2016) related teachers’ and stu-
dents’ ratings of classroom-level instructional quality to student achievement and found 
that students’ perceptions were more closely associated with the outcomes than teach-
ers’. Maxwell et al. (2017) found that teachers’ ratings of school climates were significant 
predictors of students’ numeracy, writing, and reading achievement, while students’ rat-
ings were not significant in the case of reading. Overall, there is a need for more research 
on the validity of multi-informant data on different levels.

Limitations and future directions

Utilizing a large-scale assessment dataset benefited this study in many ways (i.e., mul-
tilevel data, parallel scales given to different groups of informants, etc.), but it also lim-
ited our research. First, the SEAS assessment in TIMSS 2019 may not have captured 
all possible aspects of the construct to a sufficient degree. For instance, the assessment 
included the student, teacher, and parent dimensions yet did not include their interac-
tions. However, current research on school climate points to the importance of these 
interactions for student learning (Thapa et al., 2013). Moreover, while the items related 
to parents and students reflect the intended construct in a convincing way so that con-
tent validity can be confirmed, some doubts remain regarding the assessment of teach-
ers’ emphasis on academic success. While two items are clearly targeting the construct, 
namely those about expectations and inspiration, the other two that describe the under-
standing and implementation of the curriculum, may not necessarily be in line. TIMSS 
is therefore advised to check carefully whether one or two of these items can be changed 
or at least adjusted a bit.

Second, since this study used only Israeli data, the findings may not be applicable 
to other contexts. We selected the Israelian sample due to their teacher numbers per 
school, which is more than most TIMSS 2019 participants. Whether the generalizability 
of our results across other countries exists, has to be tested systematically. Moreover, 
the Israeli TIMSS 2019 data contained only three teachers per school on average. Such a 
limited number of teachers per school is not ideal for analyzing group-level disparities. 
Future studies comparing teachers’ and principals’ perceptions of school characteristics, 
such as the SEAS, are encouraged to use data with larger teacher samples. Addition-
ally, we encourage further studies to investigate the perceptions of teachers and prin-
cipals, taking into account the size of their schools, as in smaller schools, teachers may 
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have closer proximity to principals. However, our results served their purpose: Making 
researchers aware of validity challenges in the case of multi-informant data and potential 
multi-dimensionality of the SEAS construct.

Third, we drew on teachers’ and principals’ perceptions of SEAS, including parents’ 
emphasis, yet we could not draw directly on parents’ reports because the correspond-
ing TIMSS questionnaire did not include equivalent items. Including such a perspective 
could have shed further light on the agreements among the different perceptions and 
ultimately extended the evidence on the scale’s validity.

Fourthly, we acknowledge that extraneous factors such as school resources may poten-
tially influence the relationship between SEAS and student achievement. Nonetheless, 
when considering the Home Educational Resources (HER) index as a potential covari-
ate, which reflects the socioeconomic status (SES) of students’ families and is typically 
aggregated at the classroom or school level, a notable proportion of students (25.88%) 
were found to have missing data. Given the potential for biased results with the use of 
a control variable that contains a high proportion of missing data, we elected to analyze 
the influence of SEAS on student achievement without controlling for school SES.

Conclusion
The findings of this study highlight the importance of choosing appropriate informants 
for drawing valid inferences. We could confirm metric measurement invariance, which 
means that teachers and principals agreed on the meaning of SEAS, but the two groups 
rated the level of parents’, students’, and teachers’ emphasis on academic success differ-
ently. Conclusions drawn from the different results could therefore be very different. 
Readers need to be informed about this challenge.

Moreover, studies should include a validity argument for selecting one informant 
group above the other depending on the research question at hand. In our case, teachers’ 
perceptions were found to be more relevant to student outcomes than those of princi-
pals. Future studies are advised to select the source of their data carefully. If the rela-
tion of SEAS to educational outcomes is the main research question, since one wants to 
improve these, for example, teachers’ perspective may be more relevant than principals’.

Finally, since we could not confirm the one-dimensionality of SEAS, and our models 
assumed three sub-dimensions from the beginning, it is crucial to direct respondents 
very precisely to which group they shall provide information. This is an important find-
ing with respect to those creating a SEAS assessment. Otherwise, a risk exists of collect-
ing invalid data.
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