


SRA Number Worlds Research and  E�cacy

Table of Contents

Research Results									         2

Adaptive Learning									         3

Common Core State Standards							       4

Project -Based Learning								        6

Number Worlds: Number Sense							       7

Building Blocks Learning Trajectories					                  11

References									                      13

For additional program research visit MHEonline.com/NWresearch





SRA Number Worlds • Research and Efficacy

Research Results

Results with 			
Building Blocks
Building Blocks software, embedded in 
the SRA Number Worlds program, is based 
on National Science Foundation-funded 
research. Building Blocks includes online 
activities and an s and anr6
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An Adaptive, Personalized Learning Experience
Building Blocks online is a collection of nearly 200 fully animated activities for grades Pre-K–8 
providing conceptual development, practice, and remediation within a wide variety of 
mathematical topics. Activities are sequenced along research-based developmental paths, called 
learning trajectories, to help students move through stages of understanding. The program is 
adaptive and personalized so that all students can follow unique learning paths based on their 
performance and teachers can adjust assignments based on the individual learning needs. 
Detailed progress reports give teachers the feedback they need to monitor the progress of every 
student and every class. 

INDIVIDUALIZED LEARNING.	 The entire Building Blocks curriculum enables students to 
reach their individual goals. Students may complete activities below or above their current 
grade, allowing for enrichment or reteaching as appropriate. Free Explore activities allow 
students to create their own scenarios, problems, and puzzles within the settings of the 		
instructional activities. 

BUILT FOR FLEXIBILITY.   Building Blocks can be used as a supplemental resource along with 
any mathematics curriculum. Students and teachers have anytime/anywhere access to the site. 
Teachers can make additional assignments at any time, to reinforce topics covered in the core 
curriculum or topics on which students need extra practice.

DYNAMIC PROGRESS MONITORING AND REPORTING. The Building Blocks management 
system provides a wide variety of reports to enable teachers and administrators to track progress. 

ADAPTIVE TECHNOLOGY.  Building Blocks automatically moves students forward along proven 
learning trajectories when they successfully complete activities, or backwards if they  experience 
di�culties. The teacher can select a starting grade level for each student or class and let students 
progress automatically.

Adaptive Learning

100% Correct:
Progress to next activity

Incorrect Responses: 
Three incorrect responses and 
the system provides a remedial 
lesson, explaining the concept and 
providing practice with the skills 
needed for the activity. 

Returns to original activity
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Common Core State Standards

CCSS and Standards of Mathematical Practice
The Common Core State Standards for Mathematics were designed to help 21st century students 
acquire a solid mathematical foundation. As the National Governors Association Center for Best 
Practices (2013) has detailed, this foundation is developed through an instructional emphasis on 
focus, coherence, and rigor to build conceptual understanding, procedural skill and �uency, and 
application of mathematical content and concepts.

Focus—Students will learn fewer math concepts in each grade, but they will focus on them in 
greater depth and detail. The overwhelming heart of the CCSSM in early grades is arithmetic, 
along with the components of measurement that support it. That includes the concepts 
underlying arithmetic, the skills of arithmetic computation, and the ability to apply arithmetic 
to solve problems and put arithmetic to engaging uses.  Lessons in SRA Number Worlds focus 
on key CCSS objectives and standards of mathematical practice to develop students capable of 
communicating a deeper understanding of mathematical concept, which leads to student success 
as they transition from topic to topic in the program (Silk et al., 2010).

Coherence—In order to take ownership and make sense of math, students need to connect 
learning across topics and grade levels. The standards de�ne progressions of learning from one 
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The Power of Project-Based Learning
Educators are entering an era punctuated by a high-paced, information-heavy learning 
environment and workplace. Students need to be prepared for the new, knowledge-based 
economy where STEM-based information industries replace traditional jobs and industries 
(Molnar, 1997). Inquiry-Based Learning (IBL) is well placed to support educators reaching out to 
today’s learner. Through inquiry, students build the habits of mind that prepare them to compete 
with their peers locally and globally. 

Unfortunately, students often lack the schema and experience with inquiry to allow them 
to successfully participate in and learn through IBL (de Jong, 2006). There is an increasingly 
powerful collection of research supporting the implementation of IBL in learning environments 
across the curriculum, to give students the tools and thought processes they need to develop 
inquiring minds–with the power to solve creatively, actively, and intelligently even the toughest 
problems. In practice, IBL suggests student-centered learning that transforms the student from a 
passive receiver to an active participant in the learning process (Creedy et al., 1992).

At its heart, project-based learning is a speci�c form of IBL and one of the most basic approaches 
to learning, having been around in some form or another throughout history. According to 
Blumenfeld, et al. (1991), inquiry-based learning manifests itself through researching and 
responding to open-ended questions that are generated by the learners themselves. In project-
based learning (PBL), students are given a little more guidance and structure around the research 
question, and then provided the opportunity to explore, negotiate, and de�ne a solution for the 
problem (Hmelo-Silver & Barrows, 2008). 

Students are required to build knowledge, �lling gaps in current knowledge to successfully 
resolve the problem at hand. This instructional approach was �rst used heavily in schools of 
medicine but has steadily made its way into STEM education since its inception in the 1970s. PBL 
expands upon the idea that instruction should be built around a larger task or problem placed in 
an authentic setting where students are given responsibility and ownership of resolving the task. 
The problem should be challenging, set in a structure that allows for investigation, and isn’t fully 
resolved without re�ection and discussion of the issues at hand (Savery & Du�y, 1995).

In SRA Number Worlds, PBL lessons were developed around the major principles identi�ed by 
Barrows & Kelson (1993).

	 1. �Problem solving with ill-formed problem o�ering many possible solutions 
	 2. �Goal of functional knowledge with cognitive �exibility 
	 3. Self-directed learning 
	 4. Collaboration 
	 5. �Taking ownership with active, engaged learning 
	 6. �Building a habit of re�ection and self-appraisal in all learning experience

See additional research topics at MHEonline.com/NWresearch

Project-Based Learning

Learning
Project

BasedLearning
Project

Based
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step, and that �ts their spontaneous development, 
will have the best chance of helping children 
make maximum progress in their mathematics 
learning and development.

Because there are limits in development on the 
complexity of information children can handle 
at any particular age/stage (see Case, 1992), 
it makes no sense to attempt to speed up the 
developmental process by accelerating children 
through the curriculum. However, for children 
who are at an age when they should have 
acquired the developmental milestones but for 
some reason haven’t, exposure to a curriculum 
that will give them ample opportunities to do so 
makes tremendous sense. It will enable them to 
catch up to their peers and thus bene�t from the 
formal mathematics instruction that is provided in 
school.

Children who are developing normally also bene�t 
from opportunities to broaden and deepen the 
knowledge networks they are constructing, to 
strengthen these understandings, and to use 
them in a variety of contexts.

Principle 3: Teach computational 
fluency as well as conceptual 
understanding

Because computational �uency and conceptual 
understanding have been found to go hand in 
hand in children’s mathematical development (see 
Gri�n, 2003; Gri�n et al., 1994), opportunities 
to acquire computational �uency, as well as 
conceptual understanding, are built into every 
SRA Number Worlds activity. This is nicely 
illustrated in the following activity, drawn from the 
program.

The Dragon Quest Game that was developed for 
the Grade 1 program teaches a sophisticated set 
of understandings. Children are introduced to 
Phase 1 activity by being told a story about a �re-
breathing dragon that has been terrorizing the 
village where children live. The children playing 

the game are heroes who have been chosen 
to seek out the dragon and put out his �re. To 
extinguish this dragon’s �re (as opposed to the 
other, more powerful dragons they will encounter 
in later phases), a hero will need at least 10 pails of 
water. If a hero enters into the dragon’s area with 
fewer than 10 pails of water, he or she will become 
the dragon’s prisoner and can be rescued only by 
one of the other players.

To play the game, children take turns rolling a die 
and moving their playing piece along the colored 
game board. If they land on a well pile (indicated 
by a star), they can pick a card from the facedown 
deck of cards, which illustrate with images and 
symbols (e.g., +4) a certain number of pails of 
water. Children are encouraged to add up their 
pails of water as they receive them through a 
variety of strategies, ranging from mental math 
(which is encouraged) to the use of tokens to keep 
track of the quantity accumulated. The �rst child 
to reach the dragon’s lair with at least 10 pails of 
water can put out the dragon’s �re and free any 
teammates who have become prisoners.

As children play this game and talk about their 
progress, they have ample opportunity to 
connect numbers to several di�erent quantity 
representations (e.g., dot patterns on the die, 
distance of their pawn along the path, sets of 
buckets illustrated on the cards, and written 
numerals on the cards) and to acquire an 
appreciation of numerical magnitude across 
these contexts. With repeated play, they also 
become capable of performing a series of 
successive addition operations in their heads 
and of expanding the well pile. When they are 
required to submit formal proof to the mayor of 
the village that they have amassed su�cient pails 
of water to put out the dragon’s �re they become 
capable of writing a series of formal expressions 
to record the number of pails received and spilled 
over the course of the game. In contexts such as 
these, children receive ample opportunity to use 
the formal symbol system in increasingly e�cient 
ways to make sense of quantitative problems they 
encounter in the course of their own activity.
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Principle 4: Provide plenty of 
opportunity for hands-on exploration, 
problem-solving, and communication

Like the Dragon Quest Game that was just 
described, many of the activities created for 
the SRA Number Worlds program are set in 
game formats for hands-on exploration of 
number concepts, for problem-solving, and for 
communication. Communication is explicitly 
encouraged in a set of question prompts that 
are included with each smallgroup game (e.g., 
How far are you now? How many more buckets 
do you need to put out the dragon’s �re? How 
do you know?), as well as in a more general set 
of dialogue prompts that are included in the 
teacher’s guide. A wrap-up session at the end 
of each math lesson provides opportunities for 
children to discuss what they learned during 
game play each day, to share their knowledge 
with their peers, and to make their reasoning 
explicit. 

In the whole group games and activities that were 
developed for the Warm-Up portion of each math 
lesson, children have ample opportunity to count 
(e.g., up from 1 and down from 10) and to solve 
mental math problems in a variety of contexts. In 
addition to developing computational �uency, 
these activities expose children to the language 
of mathematics and give them practice using 
it. Although this is valuable for all children, it is 
especially useful for ESL children, who may know 
how to count in their native language, but not 
yet in English. Allowing children to take turns in 
these activities and to perform individually gives 
teachers opportunities to assess each child’s 
current level of functioning, which is important 
for instructional planning, and gives children 
opportunities to learn from each other. 

Principle 5: Expose children to the 
major ways number is represented and 
talked about in developed societies

Number is represented in our culture in �ve major 
ways: as a group of objects, a dot-set pattern, 
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Discussion

Children who have been exposed to the 	
SRA Number Worlds program do very well 
on number questions like the one presented 
in the introduction and on the Number 
Knowledge Test (Gri�n & Case, 1997) from 
which this question was drawn. In several 
evaluation studies conducted with children 
from low-income communities, children 
who received the SRA Number Worlds 
program made signi�cant gains in conceptual 
knowledge of number and in number sense, 
when compared to matched control groups 
who received readiness training of a di�erent 
sort. These gains enabled them to perform 
as well as groups of children from China and 
Japan on a computation test administered 
at the end of grade one, and to keep pace 
with their more advantaged peers (and even 
outperform them on some measures) as they 
progressed through the �rst few years of 
formal schooling (Gri�n & Case, 1997).

Teachers also report positive gains from 
using the SRA Number Worlds program and 
from exposure to the instructional principles 
on which it is based. Many claim that their 
teaching of all subjects has been transformed. 

They now facilitate discussion rather than 
dominating it; they pay much more attention 
to what children say and do; and they now 
allow children to take more responsibility 
for their own learning, with positive and 
surprising results. Above all, they now look 
forward to teaching math and they and their 
students are eager to do more of it.

Representation for Numbers in Di�erent Lands

Object Land

Picture Land

Line Land

Sky Land

Circle Land
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Children follow natural developmental progressions in learning, developing mathematical ideas in their own way. 
Curriculum research has revealed sequences of activities that are e�ective in guiding children through these levels 
of thinking. These developmental paths are the basis for Building Blocks learning trajectories. Learning trajectories 
have three parts: a mathematical goal, a developmental path through which children develop to reach that goal, 
and a set of activities matched to each of those levels that help children develop the next level. Thus, each learning 
trajectory has levels of understanding, each more sophisticated than the last, with tasks that promote growth from 
one level to the next. The Building Blocks Learning Trajectories give simple labels, descriptions, and examples of 
each level. Complete learning trajectories describe the goals of learning, the thinking and learning processes of 
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Building Blocks Online
Building Blocks™ software, an integral part of the SRA Number Worlds program, is the result of 
National Science Foundation-funded research. 

The Building Blocks program is designed to:

	 t��#VJME�VQPO�ZPVOH�DIJMESFO�T�FYQFSJFODFT�XJUI�
mathematics with activities that integrate ways to 
explore and represent mathematics

	 t���*OWPMWF�DIJMESFO�JO�iEPJOH�NBUIFNBUJDTw

	 t��&TUBCMJTI�B�TUSPOH�GPVOEBUJPO

	 t���%FWFMPQ�B�TUSPOH�DPODFQUVBM�GSBNFXPSL

	 t���&NQIBTJ[F�DIJMESFO�T�NBUIFNBUJDBM�UIJOLJOH�BOE�
reasoning abilities

	 t���&ODPVSBHF�MFBSOJOH�JO�MJOF�XJUI�$PNNPO�$PSF�4UBUF�
Standards 

Building Blocks increases students’ attention and motivation with visual displays, animated 
graphics, virtual manipulatives, immediate feedback, and individualized tasks. “Free explores” 
allow students to create their own scenarios, problems, and puzzles. 

Learning Trajectories
Building Blocks includes research-based computer tools with activities and a 






