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Background

Lab-based research in cognitive and learning sciences provide many recommendations for
improving learning and instruction (e.g., Pashler et al., 2007). Tightly controlled experiments
demonstrate that learning can be enhanced with strategies such as: 1) facilitating mapping
between visual representations, 2) prompting for explanation of worked examples, 3) using
quizzing to promote learning, and 4) spacing practice opportunities over time (e.g., Cooper &
Sweller (1987); Cepeda, Pashler, Vul, et al. 2006; Clark & Mayer, 2003; Larkin & Simon, 1987;
Mayer 2001; Kalyuga, Chandler, and Sweller (2001); Paas & Van Merrienboer, 1994; Rohrer &
Taylor, 2006). However, few studies investigate the principles in combination, or in authentic
learning environments. We describe a large-scale effort to bridge research and practice by
applying four cognitive principles to redesign the 7" grade Connected Mathematics Project 2
curriculum and testing the efficacy of these revised materials. Figure 1 shows a side-by-side of a
page from the original and the revised curricula.

Research Design and Research Questions

In a large-scale, two-year, cluster-randomized trial schools, were randomly assigned to receive
either the redesigned 7" grade CMP2 curriculum or original materials. During the first year,
treatment teachers became familiar with the redesigned curriculum and accompanying changes
to practice, all teachers familiarized themselves with study requirements, and researcher-created
unit tests were field tested. Impact on students’ math achievement was measured in the second
year.

Students’ math achievement was measured using the Mathematics Diagnostic Testing Project
(MDTP) pre-algebra readiness assessment (pre-test and post-test) and post-tests for each of the
eight units in the curriculum?. The study addressed the following research questions:

1. Do 7™ grade students receiving the redesigned curriculum (treatment) show greater
learning than students receiving the original curriculum (control)?

2. Does the effect of the redesigned curriculum differ for traditionally lower-performing
students?

! Presenting author.

2 One unit is not reported due to substantially high attrition.
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Participants

Study participants were recruited from public and charter schools in the United States. All
participating teachers had at least one year of experience teaching the original CMP2 curriculum
and planned to use CMP2 as their core 7" grade math curriculum for the two years of the study.
There was high study attrition in the first study year, so a second cohort was recruited. In all, 114
schools (Nzrear = 59, Nconrot = 55) in 22 states were enrolled in the study, with 181 participating
teachers at these schools (Nrrear = 93, Nconrot = 88). Data were collected from 2,465 students
(Ntrear = 1,222, Nconwrot = 1,243) in the impact year.

Data Analysis

The results reported in this paper use multidimensional item response theory (MIRT) to estimate
student math achievement on the outcome measures. Specifically, the study used a multilevel
extension of the Rasch model (Rasch, 1960) for dichotomous items and the partial credit model
(Masters, 1982) for open-ended items. These MIRT models were applied to each assessment to
estimate expected a posteriori (EAP) student pre- and post-test scores. These resulting EAP
scores were then used in additional impact analyses using a two-level hierarchical linear model
(HLM).

The level 1 (student and teacher) and level 2 (school) HLM models are presented below:
Level 1:

7T8](MKT)U + ﬂgj(EXP)U + eij

Level 2:
Toj = Boo + Bor(TREAT); + Bo2(LOCALE); + Bos(MATH); + Bos(FRL); + uy;

The OUTCOME;; variable in the level-1 model represents students’ outcome (i.e., MDTP score
or unit test scores) for the i-th student in the j-th school. PRE corresponds to students’ MDTP
pre-test score. Other level-1 covariates represent the students’ gender (GEND), English language
learner status (ELL), special education status (SPED), and underrepresented ethnicity in STEM
status (STEM). Teacher variables consisted of each student’s teacher cohort (COHORT),
advanced degree status (DEGREE), score on a baseline Mathematics Knowledge for Teaching
(MKT) assessment (Schilling & Hill, 2007; Schilling, Blunk, & Hill, 2007), and years of
teaching experience (EXP).

Level-2 covariates included school treatment status (TREAT), school locale (LOCALE),
percentage of students who were proficient on the state standardized math test (MATH), and
percentage of students who qualified for free- or reduced-price lunch (FRL). €;; and u,; are
student and school residuals, respectively. All covariates were grand-mean centered.

Results

Results of the overall average treatment impact are summarized in Table 1. Across the eight
outcomes evaluated, treatment effects were positive in favor of students who received the
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redesigned CMP2 units. However, only Unit 2 and 3 showed a statistically significant positive
effect. The effect size estimate for the summative MDTP assessment was 0.12, which is
considered small, but within-expectation for studies of this type (Cheung & Slavin, 2015). The
average effect size for the more specialized unit assessments was .26 (range = .08 - .49), which is

considered substantively important positive effect, regardless of statistical significance (WWC,
2014).

To evaluate research question 2, cross-level treatment and student covariate interactions were
included in the above model. Following procedures by Bauer and Curran (2005) and Tate (2004),
Figure 2 shows the treatment-by-pre-test interaction effects. The treatment was more effective
for lower-performing students on four of the eight outcomes. Only Unit 7 showed a statistically
significant interaction.

The treatment tended to be more effective for students who are members of traditionally
underperforming subgroups in mathematics: females, English language learners, special
education students and underrepresented ethnicities in mathematics (see Table 2). However, the
interactions are not consistently statistically significant.

Conclusions

Overall, the redesigned curriculum exhibited trends for positive impact. The lack of statistical
significance may be due in part to low power as a result of high study attrition. Moderator
analyses showed variable effects, but when interaction effects were at least marginally
significant, they suggested that the treatment consistently favored the traditionally
underperforming subgroup.

These findings suggest that purposefully engineering curricula based on learning sciences
research is productive and may increase equity in educational outcomes. At the same time, the
observed effects from this study were small and variable. Future analyses will explore how the
content of individual units and teacher practice may have mediated learning outcomes.
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a) Applications b)

A Appﬁcaﬁons 2. In Problem 2.2, Emile’s friend, Gilberto, joins the race. Gilberto has a
Connections head start of 20 meters and walks at 2 meters per second. »
Connections a. Writc an equation that gives the relationship between Gilberto's %
distance d from where Emile starts and the time, £, g
Applications - Extensions Alexei solved this problem in a correct way. Look at his work, 2
Applications and then answer the question below. g
1. Grace and Allie are going to meet at the fountain near their houses.
They both leave their houses at the same time. Allie passes Grace's 1. Grace and Allie are going to meet at the fountain near their houses. d=20+2t
house on her way to the fountain. ‘They both leave their houses at the same time. Allie passes Grace’s

o Allie's walking rate is 2 meters per second. bojise m bix wy o the foymbain, Why is the correct equation for this situation d = 20 + 2¢

o Grace's walking rate is 1.5 meters per second o Allic’s walking rate is 2 meters per second. instead of d = 217
® Grace's walking rate is 1.5 meters per second.

b. How would Gilberto's graph compare to Emile and Henri's graphs?

ARs i Geicat o Fountain Allie's House Grace's House Fountain
- Kori solved this problem in a correct way. Look at her response,
v - 200 meters - and then answer the questions below.
L |
a. How many seconds will it take Allic to reach the fountain? Gilberto's graph would intersect the y-axis at (0, 20),
above Emile’s graph but below Henris. Gilberto's graph
e . Alcjandro solved this problem in a correct way. Look at his would cross the others.

work, and then answer the question below.
Where would Gilberto's graph intersect Eaile’s graph? Where
a. How many seconds will it take Allie to reach the fountain? 200m+2mis=100s would it intersect Henri's graph?
b. Suppose Grace's house is 90 meters from the fountain. Who will
reach the fountain first, Allic or Grace? Explain your reasoning. Why was it correct for Alejandro to di
2 meters per second?

200 meters by

2. In Problem 2.2, Emile’s friend, Gilberto, joins the race. Gilberto has a
head start of 20 meters and walks at 2 meters per second. b. Suppose Grace’s house is 90 meters from the fountain. Who will
reach the fountain first, Allie or Grace? Explain your reasoning.

a. Write an equation that gives the relationship between Gilberto's
distance d from where Emile starts and the time, £
b. How would Gilberto's graph compare to Emile and Henri's graphs?

Investigation 2 Exploring Linear Functions With Graphs and Tables 31 34 Moving Straight Ahead Investigation 2 Exploring Linear Functions With Graphs and Tables 35

Figure 1. A page from the original CMP2 curriculum (a) and the redesigned version (b). The redesigned version contains a revised
figure and introduces worked examples into the problems.
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Table 1. Four of eight outcome measures showed substantively important effect sizes in favor of
the redesigned curriculum (shaded rows). This effect was statistically significant for Unit 3:
Comparing and Scaling.

Effect Size
Outcome Measure Coefficient  Standard Error o] Estimate 95% CI
MDTP Post-test 0.1 0.12 0.36 0.12 0.01-0.23
Unit 1: Variables and Patterns 0.06 0.14 0.66 0.08 -0.07-0.22
Unit 2: Stretching and Shrinking 0.41 0.23 0.08* 0.36° 0.24-0.48
Unit 3: Comparing and Scaling 0.35 0.14 0.02* 0.38° 0.26-0.49
Unit 4: Accentuate the Negative 0.12 0.11 0.31 0.17 0.05-0.28
Unit 5: Moving Straight Ahead 0.07 0.15 0.63 0.09 -0.03-0.21
Unit é: Filling and Wrapping 0.47 0.29 0.12 0.49° 0.33-0.65
Unit 7: What Do You Expect? 0.15 0.15 0.32 0.26° 0.12-0.40
Note. * indicates p < 0.1, *indicates p <0.05, and‘indicates a substantively important effect size

6 of 8



The Effectiveness of Cognitive Principles in Authentic Education Settings

MDTP Post-test Unit 1: Variables and Patterns

Modified
Better

No —/—/
Difference

Existing
Better

Unit 2: Stretching and Shrinking Unit 3: Comparing and Scaling
Modified
Better

No
Difference

Existing
Better

Unit 4: Accentuate the Negative Unit 5: Moving Straight Ahead
Modified
Better

No
Difference

Existing
Better

Unit 6: Filling and Wrapping Unit 7: What Do You Expect?
Modified
Better

No
Difference

Existing
Better

PG P pasiog Parkei
Figure 2. Summary of treatment-by-pre-test interaction effects by outcome measure showing that
low performing students benefited more from the modified curriculum in four of the eight
outcomes. Bolded lines show the effect of the treatment for students at different performance
levels on the pre-test. Shaded region represent 95% confidence bands.
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Table 2. The treatment tended to be more effective for students in traditionally underperforming
subgroups (shaded rows). This interaction was statistically significant for special education
students studying Unit 3: Comparing and Scaling.

Moderator Outcome Measure Coefficient Standard Error P
Gender MDTP Post-test 0.04 0.05 0.43
Unit 1: Variables and Patterns -0.03 0.07 0.68
Unit 2: Stretching and Shrinking 0.04 0.08 0.57
Unit 3: Comparing and Scaling -0.08 0.07 0.22
Unit 4: Accentuate the Negative 0.02 0.06 0.71
Unit 5: Moving Straight Ahead 0.10 0.06 0.07+
Unit 6: Filing and Wrapping 0.00 0.10 1.00
Unit 7: What Do You Expect? 0.01 0.05 0.91
English language MDTP Post-test 0.11 0.17 0.54
learner stafus Unit 1: Variables and Patterns 0.06 0.27 0.83
Unit 2: Stretching and Shrinking 0.03 0.24 0.90
Unit 3: Comparing and Scaling -0.24 0.22 0.28
Unit 4: Accentuate the Negative 0.30 0.19 0.11
Unit 5: Moving Straight Ahead 0.15 0.18 0.39
Unit é: Filing and Wrapping 0.12 0.39 0.75
Unit 7: What Do You Expect? -0.13 0.15 0.40
Special education MDTP Post-test 0.03 0.12 0.83
status Unit 1: Variables and Patterns -0.08 0.14 0.58
Unit 2: Stretching and Shrinking 0.12 0.16 0.44
Unit 3: Comparing and Scaling 0.39 0.15 0.01*
Unit 4: Accentuate the Negative 0.04 0.12 0.74
Unit 5: Moving Straight Ahead 0.20 0.13 0.12
Unit é: Filing and Wrapping -0.05 0.22 0.80
Unit 7: What Do You Expecte -0.1 0.11 0.34
Underrepresented MDTP Post-test 0.07 0.07 0.34

ethnicity in STEM

(i.e.. not White or Unit 1: Variables and Patterns 0.02 0.11 0.89
Asian) Unit 2: Stretching and Shrinking 0.08 0.10 0.47
Unit 3: Comparing and Scaling -0.05 0.09 0.59
Unit 4: Accentuate the Negative -0.06 0.08 0.46
Unit 5: Moving Straight Ahead 0.14 0.08 0.07+
Unit 6: Filing and Wrapping 0.13 0.13 0.30
Unit 7: What Do You Expect? 0.09 0.07 0.20

Note. * indicates p < 0.1, * indicates p <0.05.
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