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Introduction

Background

1555 students took pilot course Introduction to Data Science (IDS)

Student performance was measured before and after completing IDS,
using Levels of Conceptual Understanding in Statistics (LOCUS), see
https://locus.statisticseducation.org/

Research Question: Which parameters influence student performance?

Difficulties

Some students have missing pretest and/or posttest scores

The two LOCUS forms A (pretest) and B (posttest) were not
administered to all students as designated

⇒ Original statistical analysis did not take into account missing values
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Handling Missing Observations

Original Analysis

ypostj = β0 + β1y
pre
j + . . .

can not handle missing pretest or posttest score

New Analysis

yj = β0 + β1TestTimej + . . .

missing values do not matter

two observations for students with pretest (TestTime = 0) and
posttest (TestTime = 1) score, one observation for students with
pretest or posttest score, no observations for students without any
scores

for student/observation j .
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Interpretation of Additional Parameters

Original Analysis

ypostj = β0 + β1y
pre
j + β2PLEj + . . .

β0: estimate for reference group

β2: effect of PLE on posttest adjusted for pretest

New Analysis

yj = β0 + β1TestTimej + β2PLEj + β3{PLE ∗ TestTime}j + . . .

β1: improvement from pretest (TestTime = 0) to posttest
(TestTime = 1) in reference group

β2: effect of Primary Language English (PLE) on pretest

β3: effect of PLE on improvement from pretest to posttest

for student/observation j .
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Mixed Model Representation of Rasch Model

Rasch Model (Rasch, 1993)

P(yij = 1) =
1

1 + exp
(
− (bj − δi )

)
⇔ logit

(
P(yij = 1)

)
= bj − δi

with

bj : the ability of student j

δi : the difficulty of question i

Equivalent Mixed Model (Kamata, 1998, 2001)

logit
(
P(yij = 1)

)
= bj − δi

with

bj : a random intercept for student j

δi : a fixed effect for question i
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Proposed Model Formula

logit
(
P(yijk = 1|xijk)

)
= β0 + δi + bj + dk + hkTestTime +

β1TestTime + β2PLE + β3{PLE ∗ TestTime}+ . . .

with

−δi : fixed effect for question i (= question difficulty)

bj : random intercept for student j (= student ability)

dk : random intercept for teacher k on pretest

hk : random slope for TestTime per teacher k (teacher effect on
improvement from pretest to posttest)

β1: improvement in reference group

β2: effect of PLE (pretest)

β3: effect of PLE on improvement

for question i , student j , and teacher k .
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Coefficient Plot: Fixed Effects
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Coefficient Plot: Question Difficulty
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Coefficient Plot: Student Ability
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Coefficient Plot: Teacher Effects
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Additional Material

Thomas Maierhofer IDS - Statistical Report November 7th, 2017 12 / 13



R Code for Mixed Model

mgcv : : gamm( Score ˜ Ques t ion +
Test ∗ ( Gender + H i s p an i c + PLE) ,

random = l i s t ( Teacher ID = ˜1 + Test ,
LAUSD ID = ˜1) ,

f am i l y = ” b i nom i a l ” ,
data = s t u d e n t d a t a l o n g )
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Original Analysis

First Step: Rasch Model

logit
(
P(yijk = 1)

)
= bjk − δi

with

bjk : the ability of student j for teacher k

δi : the difficulty of question i

Second Step: Mixed Model

bjk = β0 + hk + β1y
pre
jk + β2PLE + . . .

with

bjk : estimated student ability from Rasch model

hk : random intercept for teacher k

β1 effect of pretest score on student ability

β2 effect of PLE on student ability
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