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A Critical Measurement Issue 

For a given construct, what is the best source of data to measure it?

For educational data:

• Students

• Teachers

• Parents

• Principals

• Superintendents



Measuring School Renewal (学校更新)

Get data to measure this school-level leadership construct from:

• Students: No

• Parents: No

• Superintendents: No

• Principals: Maybe

• Teachers: Yes



A Serious Analytical Problem

The Problem of Unit-of-Analysis: When use teacher data to measure a 
school-level construct, what is the unit of analysis?

Sirotnik (1980) distinguished between two phases in data analysis: The 
psychometric phase and the study phase.

“The psychometric implications of unit-of-analysis issues have been 
almost universally ignored in the organizational climate literature”
(Sirotnik, 1980, p. 158).



Our Position

Sirotnik (1980) position:

• Consider multilevel analysis in the study phase

Ma et al. (2020) position: 

• Consider multilevel analysis both in the study phase and in the 
psychometric phase



Our Plan

Goal:

• Take into consideration the data hierarchy with teachers nested within 
schools (principals)

Strategy:

• Multilevel confirmatory factor analysis
• Exploratory factor analysis (EFA) (探索性): Data driven, exploratory

• Confirmation factor analysis (CFA) (确认性): Theory driven, confirmatory



Our Instrument

ICC = intra-
class 
correlation

ICC measures 
the proportion 
of variance 
attributable to 
schools in our 
case.



Our Model



Our Results: Structural Validity

• Model-data-fit statistics:
• RMSEA=.038,

• TLI=.954

• CFI=.957

• Standard:
• RMSEA≤.08

• TLI≥.95

• CFI≥.95

• Conclusion: Our data support our multilevel CFA model (i.e., structural 
validity)



Our Results: Multilevel Reliability

The results on multilevel reliability:
• ω=.319 among teachers
• ω=.998 among schools

Different reliability measures:
• MacDonald’s ω
• Cronbach’s α
• As a reliability measure (for internal consistency), ω is similar to α.
• Major advantage of ω over α: ω takes into consideration the strength of the 

relationship between items and factors as well as specific item-level 
measurement errors.



Our Conclusion (Caution)

• When teachers provide responses as indicators of school renewal, the 
instrument can generate a valid and highly reliable measure or 
estimate of school renewal at the school level. 

• However, data analysis at the teacher level attempting to use teacher 
perceptions of school renewal as either dependent variables or 
independent variables should be avoided because of the low reliability 
at the teacher level.



Implications for Research in Math Education

• The use of instruments or scales that collect data from students to 
measure teacher attributes is questionable without validation 
evidence from multilevel CFA
• Example: Use student responses to measure classroom practice of math 

teachers

• The use of instruments or scales that collect data from teachers to 
measure school (principal) attributes is questionable without 
validation evidence multilevel CFA
• Example: Use teacher responses to measure principal support for math 

education


