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RESEARCH QUESTIONS

(A) Does the new science curriculum improve student learning?

Curriculum
Student learning

2



RESEARCH QUESTIONS

(B) Does the impact of the new science curriculum on student 

learning depend on the effectiveness of professional development?

Curriculum

Student learning

Professional 

development

A question about 

“moderation”

3



RESEARCH QUESTIONS

(C) Does the new science curriculum improve student learning 

through improving teachers’ practice?

Curriculum

Student learningTeachers’ practice

A question about “mediation”
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RESEARCH QUESTIONS

(D) Does the new curriculum improve science achievement 

through improving teachers’ practice only if teachers have 

received effective professional development?

Curriculum

Student learningTeachers’ practice

Professional 

development

A question about “moderated mediation”

5



PERSISTING CONFUSION ABOUT

•Moderation vs. Mediation

•Causal vs. Casual Analysis
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WHAT IS MODERATION?

• A moderation analysis examines for WHOM and 

under WHAT CONDITIONS an intervention 

works

• It reveals HETEROGENEITY in a relationship, when 

a moderator affects its direction or strength
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WHAT IS MEDIATION?

• A mediator explains an intermediate process that 

transmits the intervention impact on an outcome, 

• A mediation analysis answers the theoretical question of 

WHY

Intervention OutcomeIntermediate 

Process
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CAUSAL MEDIATION ANALYSIS
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Curriculum Student learning

Instruction

THEORY (inside the black box)

The new curriculum is designed to improve student learning 

through providing additional opportunities during the instruction

for teachers to engage students in the process of scientific inquiry 

rather than delivering the scientific content simply as given. 
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Explicate your theoretical hypotheses for empirical investigation:

o Would the new science curriculum potentially transform instruction?

o Would the new curriculum affect student learning through transforming instruction?

o Would the new curriculum affect student learning without changing instruction?

Curriculum Student learning

Instruction



Potential student learning under new

curriculum with transformed instruction

Potential student learning under current

curriculum with untransformed instruction

Total Effect
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Potential student learning under new curriculum 

with transformed instruction

Potential student learning under current curriculum 

with untransformed instruction

Indirect Effect

Potential student learning under new curriculum 

yet counterfactually with untransformed

instruction

Direct Effect
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Transformed
Instruction under 

the New Curriculum

Untransformed
Instruction under the 
Current Curriculum
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TOTAL EFFECT
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INDIRECT EFFECT
THROUGH TRANSFORMING INSTRUCTION
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DIRECT EFFECT
WITHOUT TRANSFORMING INSTRUCTION

Untransformed
Instruction under the 
Current Curriculum
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IDENTIFICATION THROUGH POOLING 
CONDITIONAL MEAN DIFFERENCE

Transformed
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IDENTIFICATION THROUGH WEIGHTING
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• Unconstrained by the scale of measurement

• No need to specify an outcome model



DOES TREATMENT RANDOMIZATION 
GUARANTEE CAUSALLY VALID 

MEDIATION ANALYSIS?

NO, because the mediator-outcome relationship can be confounded by…

Curriculum Student learning

Instruction

Teacher motivation and 

content knowledge for 

teaching
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Essential to adjust for 

selection bias through 

pooling conditional mean 

difference or weighting



SHOULD THE TOTAL EFFECT BE 
NONZERO?

Mediation could occur even when the total effect is zero.

The hypothesized mechanism might be offset by unexpected side 

effects (e.g., teacher burnout), leading to a cancellation of the 

indirect effect and the direct effect

The treatment might be beneficial to some but detrimental to 

others, or beneficial under one condition but detrimental under 

another (a question about moderated mediation)
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Curriculum Student learning

Instruction



SHOULD THE MEDIATOR-OUTCOME 
RELATIONSHIP BE CONSTANT?

• Conventional methods assume that the treatment-mediator relationship 

“ ” and the mediator-outcome relationship “ ” are both constant; and 

thus “ ” and “ ” are independent

• This behavioral assumption may not hold because teachers who are more 

ready to use the new curriculum to transform instruction (a higher value 

of  “ ”) are likely to be the ones who believe transformed instruction 

may produce greater benefit for student earning (a higher value of  “ ”)
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Curriculum Student learning

Instruction



SHOULD THE MEDIATOR-OUTCOME 
RELATIONSHIP BE CONSTANT?

• Conventional methods also assume a constant mediator-outcome 

relationship across the treatment conditions

• Yet the new curriculum may not only raise the quality of 

instruction but also enhance the impact of instruction on learning

Recent methodological developments overcome these constraints
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Curriculum Student learning

Instruction new curriculum

current curriculum



MULTISITE CAUSAL MEDIATION ANALYSIS
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Curriculum learning

Instruction

• Composition

• Context

• Contrast

Between-site variation 

in mediation mechanism
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