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Abstract The fundamental question of whether preschool effects “fade” is hotly 
debated in arenas of theory, research, and policy. Few of these debates consider the 
role of transitions. Might it be that poor transitions are at least partly to blame? That 
is, if transitions are neglected, present educational contexts may be unintentionally 
aligned against the long-lasting impact of early interventions. We conducted a series 
of studies of an implementation of a scale-up model that evaluated the persistence 
of effects of a research-based model for scaling up. The largest of these research 
projects was explicitly based on the theory that fade-out of effects would be miti-
gated by attention to transitions. Results indicated that the intervention condition 
that included the model’s transition strategies maintained gains of the pre-K math-
ematics intervention better than the condition that did not include such strategies. 
However, more extensive and effective transition strategies should be developed and 
evaluated that expand on children’s learning in preschool and thereby completely 
close equity gaps in mathematics through the primary grades.
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 Promoting Positive Transitions Through Coherent Instruction, 
Assessment, and Professional Development: The TRIAD 
Scale-Up Model

The fundamental question whether preschool effects “fade”1 is hotly debated in 
arenas of theory, research, and policy. Some studies appear to show long-lasting 
effects, but many do not. There are multiple theories about why early effects might 
fade, but most evidence is descriptive or correlational. To bring some causal evi-
dence to this important issue, we designed a large scale-up project based on our 
perspective, which is that fade-out may at least in part be a result of inadequate 
attention to transitions.

Built on this framework, the scale-up model is called TRIAD, for Technology- 
enhanced, Research-based, Instruction, Assessment, and professional Development. 
The TRIAD acronym suggests that successful scale-up must address the triad of 
essential components of any educational intervention—improving instruction by 
providing an empirically supported curriculum2, promoting formative assessment, 
and supporting teachers’ implementation of these with high-quality professional 
development—and that the model is based on research and enhanced by the use of 
technology. At the core of the TRIAD model is the use of research-based learning 
trajectories. Learning trajectories are “descriptions of children’s thinking and learn-
ing in a specific mathematical domain, and a related, conjectured route through a set 
of instructional tasks designed to engender those mental processes or actions 
hypothesized to move children through a developmental progression of levels of 
thinking, created with the intent of supporting children’s achievement of specific 
goals in that mathematical domain” (Clements & Sarama, 2004, p. 83). So, they 
have three components: a goal, a developmental progression, and an instruction 
fine-tuned to each level of that progression. We first instantiated the TRIAD model 
in the domain of early mathematics because such learning trajectories are well 
developed (National Research Council, 2009), not only for children of a given age 
but several years. This longitudinal nature affords the learning trajectories potential 
for supporting positive transitions. That is, as described in this chapter, they may 
support communication and connections across grades, providing connective tissue 
that will enhance the coherence of children’s experiences.

Here our goal is to test hypotheses about how implementing the TRIAD model’s 
transition strategies at scale may mitigate fade-out. The remainder of the chapter is 
organized into the following sections: (a) the historical context for that project, (b) 
TRIAD’s theory of change and model—particularly as it addressed the fade-out 

1 The reason for the quotation marks is that we believe there are ramifications of the use of the term 
“fade-out.” Although technically applied to the diminution of effect sizes, it is often interpreted as 
a loss of knowledge or skill or the evanescence of learning products or potential. This is consistent 
only with some theoretical interpretations and may be misinterpreted and misapplied to policy.
2 The curricula used were an important component of the scale-up model and of the experiment, but 
this was a study of the TRIAD scale-up model, not only of a curriculum.
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issue, (c) theories of the fade-out of early interventions, (d) TRIAD’s design to 
address fade-out by supporting positive transitions, (e) TRIAD’s implementation 
and research, (f) conclusions and implications, and (g) challenges the field faces and 
possible ways to meet them.

 Historical Context: The Need for Early Mathematics 
Interventions at Scale

Although some research-based educational practices have shown promise in small- 
scale research studies, many have yet to be implemented at scale (Borman, 2007; 
Bornfreund, McCann, Williams, & Guernsey, 2014; McDonald, Keesler, Kauffman, 
& Schneider, 2006). The need is especially important in early mathematics, for at 
least four reasons. First, US proficiency in math is low (National Mathematics 
Advisory Panel, 2008). Second, students who live in poverty and who are members 
of linguistic and ethnic minority groups demonstrate significantly lower levels of 
achievement (Chernoff, Flanagan, McPhee, & Park, 2007; National Mathematics 
Advisory Panel, 2008) with that gap in the USA among the widest in 46 countries 
(Akiba, LeTendre, & Scribner, 2007). Third, such differences are evident from the 
earliest years (National Research Council, 2001, 2009; Sarama & Clements, 2009; 
Yuzawa, Bart, Kinne, Sukemune, & Kataoka, 1999). This is even more important 
because early mathematics competence predicts later achievement even into high 
school (National Mathematics Advisory Panel, 2008; National Research Council, 
2009; Stevenson & Newman, 1986). Fourth, interventions to address these early 
differences appear to benefit low-resource and minority children because they have 
fewer educational opportunities in their homes and communities (Brooks-Gunn, 
2003; Carneiro & Heckman, 2003; Natriello, McDill, & Pallas, 1990; Raudenbush, 
2009). Unfortunately, most have not been taken to scale and often used the indi-
vidual child as the unit of analysis, despite their assignment to treatments by class 
or school, which can inflate findings (Case, Griffin, & Kelly, 1999; for a review, see 
Clements & Sarama, 2011; Griffin & Case, 1997; Klein, Starkey, Clements, Sarama, 
& Iyer, 2008; National Mathematics Advisory Panel, 2008; Starkey, Klein, & 
Wakeley, 2004).

Any such scale-up project has to do a lot to succeed. However, there are addi-
tional challenges for those in the field of early childhood and another set of chal-
lenges for those focused on mathematics education. Early childhood, especially 
before kindergarten, includes settings and organizational structures that vary far 
more than do those at any other age level (Institute of Medicine (IOM) and National 
Research Council (NRC), 2015; National Research Council, 2009; Sarama & 
DiBiase, 2004). The workforce in those settings, their backgrounds, and their pro-
fessional education are similarly diverse (Institute of Medicine (IOM) and National 
Research Council (NRC), 2015), with few incentives for individuals working in 
child-care centers or family child-care homes to seek specialized preparation for 
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jobs that pay little more than minimum wage (Sarama & DiBiase, 2004). These can 
seem insuperable problems, given that the most critical feature of a high-quality 
educational environment is a knowledgeable and responsive adult and that high- 
quality professional development is essential to innovation (Darling-Hammond, 
1997; National Research Council, 2001, 2009; Sarama & DiBiase, 2004; Schoen, 
Cebulla, Finn, & Fi, 2003).

The domain of mathematics is also challenging. Teachers must develop knowl-
edge of subject-matter content they teach, the ability to communicate this content to 
children, and the ability to develop higher-order thinking skills. Teachers, especially 
teachers of young children, are not prepared to do so (National Council of Teachers 
of Mathematics, 1991; Sarama & DiBiase, 2004), with many resisting or rejecting 
any “academic” intervention, especially in mathematics (Clements, Fuson, & 
Sarama, 2017). Consistent with the wider US culture, many teachers believe that 
mathematics is a set of facts and that memorizing these facts is an appropriate route 
to learning mathematics. These beliefs are notoriously resistant to change, and they 
affect teachers’ practices and their children’s learning (Sarama & DiBiase, 2004).

In summary, scaling up high-quality mathematics education within early child-
hood settings holds particular challenges that range from the logistical (e.g., all-day 
professional development may be difficult to implement for teachers with emotion-
ally dependent children) to the philosophical and motivational (is leaning mathe-
matics truly important for very young children?) and the practical (many teachers 
lack knowledge of the content of mathematics, as well as its learning and teaching). 
A theoretical model of scaling up successful interventions must address these chal-
lenges if it is to support a high-quality implementation.

 The TRIAD Model for Scale-Up: Theory of Change

The overarching theory for our research and our development of a scale-up model is 
an elaboration of the Network of Influences framework (Sarama, Clements, & 
Henry, 1998). This describes the relationships and influences that must be attended 
to achieve successful scale-up. Successful implementation of an intervention at 
scale involves multiple coordinated efforts to introduce, implement, and maintain 
the integrity of the vision and practices of an innovation through increasingly 
numerous and complex socially mediated filters (for details of the framework and 
its relationship to TRIAD, see Sarama, Clements, Wolfe, & Spitler, 2012).

Built on this framework, the TRIAD scale-up model’s acronym suggests that 
successful scale-up should use appropriate technologies (Technology-enhanced) 
and empirical evidence (Research-based) to address the triad of essential compo-
nents (Instruction, Assessment, and professional Development) of any educational 
intervention. Our definition of a successful scale-up is instantiation of an interven-
tion in varied settings with diverse populations, addressing the needs of multiple 
sociopolitical stakeholders, to achieve satisfactory fidelity of implementation and, 
as a result, the intervention’s goals for the maximum number of children including 
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persistence of these effects. The remainder of this section summarizes the ten 
research-based guidelines in the TRIAD model, connecting it to the original 
Network of Influences theoretical framework (Sarama et al., 1998, 2012). Note that 
the TRIAD model was originally designed for all grades (and subject-matter 
domains), even if our instantiation has been in early mathematics.

 1. Involve and promote communication among key groups around a shared vision 
of the innovation (Hall & Hord, 2001; Nyhan, 2015). Emphasize connections 
between the project’s goals, standards, and societal need. Promote clarity of 
these goals and of all participants’ responsibilities. School and project staff 
must share goals and a vision of the intervention (Bornfreund et al., 2014; Bryk, 
Sebring, Allensworth, Suppescu, & Easton, 2010; Cobb, McClain, de Silva, & 
Dean, 2003). This institutionalizes the intervention, for example, in the case of 
ongoing socialization and training of new teachers (Elmore, 1996b; Huberman, 
1992; Kaser, Bourexis, Loucks-Horsley, & Raizen, 1999; Klingner, Ahwee, 
Pilonieta, & Menendez, 2003; Sarama et al., 1998).

 2. Promote equity through equitable recruitment and selection of participants, 
allocation of resources, and use of curriculum and instructional strategies that 
have demonstrated success with underrepresented populations (Kaser et  al., 
1999; Moller, Stearns, Mickelson, Bottia, & Banerjee, 2014; O’Day & Smith, 
2016).

 3. Plan for the long term. Recognizing that scale-up is not just an increase in num-
ber but also of complexity provides continuous, adaptive support over an 
extended period of time. Plan an incremental implementation and use dynamic, 
multilevel, feedback, and self-correction strategies (Bryk et al., 2010; Coburn, 
2003; Guskey, 2000). Communicate clearly that change is not a single event but 
a process (Hall & Hord, 2001).

 4. Focus on instructional change that promotes depth of children’s thinking, plac-
ing learning trajectories at the core of the teacher/child/curriculum triad to 
ensure that curriculum, materials, instructional strategies, and assessments are 
aligned with (a) national and state standards and a vision of high-quality educa-
tion, (b) each other, and (c) “best practice” as determined by research, including 
formative assessment (Ball & Cohen, 1999; Bodilly, 1998; Bryk et al., 2010; 
Fullan, 2000; Higgins & Parsons, 2011; Kaser et al., 1999; Maloney, Confrey, 
& Nguyen, 2014; National Mathematics Advisory Panel, 2008; Nyhan, 2015; 
Raudenbush, 2008; Sowder, 2007; Wilson, Mojica, & Confrey, 2013). The 
learning trajectories serve as boundary objects (Akkerman & Baker, 2011; 
Wilson et al., 2013) that promote coherence and communication. This guideline 
is important for implementation with fidelity at any scale, although alignment 
is increasing important at larger scales and for transitions.

 5. Provide professional development that is ongoing, intentional, reflective, goal- 
oriented, focused on content knowledge and children’s thinking, grounded in 
particular curriculum materials, and situated in the classroom and the school. 
A focus on content includes accurate and adequate subject-matter knowledge 
both for teachers and for children. A focus on children’s thinking emphasizes 
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the learning trajectories’ developmental progressions and their pedagogical 
application in formative assessment. Grounding in particular curriculum mate-
rials should include all three aspects of learning trajectories, especially their 
connections (Clements, Sarama, Wolfe, & Spitler, 2015; Sarama & Clements, 
2009). This also provides a common language for teachers in working with 
each other and other groups (Bryk et al., 2010; Wilson et al., 2013). Situated in 
the classroom does not imply that all training occurs within classrooms. 
However, off-site intensive training remains focused on and connected to class-
room practice and is completed by classroom-based enactment with coach-
ing—with coaches skilled in the innovation and in supporting teachers’ learning 
and incorporation of new teaching practices (Clements et  al., 2018; Jackson 
et al., 2014). In addition, this professional development should encourage shar-
ing, risk taking, and learning from and with peers (Sarama, Clements, Starkey, 
Klein, & Wakeley, 2008). Aim at preparing to teach a specific curriculum and 
develop teachers’ knowledge and beliefs that the curriculum is appropriate and 
its goals are valued and attainable. Situate work in the classroom, formatively 
evaluating teachers’ fidelity of implementation and providing feedback and 
support from coaches in real time (Bodilly, 1998; Borman, Hewes, Overman, & 
Brown, 2003; Bryk et al., 2010; Cohen, 1996; Elmore, 1996b; Guskey, 2000; 
Hall & Hord, 2001; Kaser et al., 1999; Klingner et al., 2003; Pellegrino, 2007; 
Schoen et al., 2003; Showers, Joyce, & Bennett, 1987; Sowder, 2007; Zaslow, 
Tout, Halle, Vick, & Lavelle, 2010). As with guideline 4, this is important for 
implementation with fidelity at any scale. However, the planning, structures, 
common language, formative evaluation, and school-level context are increas-
ingly important as the implementation moves to larger scales.

 6. Build expectations and camaraderie to support a consensus around adaptation. 
Promote “buy-in” in multiple ways, such as dealing with all participants as 
partners and distributing resources to support the project. Establish and main-
tain cohort groups. Facilitate teachers visiting successful implementation sites. 
Build local leadership by involving principals and encouraging teachers to 
become teacher leaders (Berends, Kirby, Naftel, & McKelvey, 2001; Borman 
et al., 2003; Elmore, 1996b; Fullan, 2000; Glennan, Bodilly, Galegher, & Kerr, 
2004; Hall & Hord, 2001).

 7. Ensure school leaders are a central force supporting the innovation and pro-
vide teachers continuous feedback that children are learning what they are 
taught and that these learnings are valued. Leaders, especially principals, must 
show that the innovation is a high priority, through statements, resources, and 
continued commitment to permanency of the effort, with repeated communica-
tion with them so that the innovation is not forgotten (see guideline 10). An 
innovation champion leads the effort within each organization (Bodilly, 1998; 
Bryk et  al., 2010; Glennan et  al., 2004; Hall & Hord, 2001; Rogers, 2003, 
p. 434; Sarama et al., 1998).

 8. Give latitude for adaptation to teachers and schools, but maintain integrity. 
Emphasize the similarities of the curriculum with sound practice and what 
teachers already are doing. Help teachers explicitly distinguish productive 
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adaptations from lethal mutation using specific activities (Brown & Campione, 
1996). Also, do not allow dilution due to uncoordinated innovations (Fullan, 
2000; Huberman, 1992; Sarama et  al., 1998; Snipes, Doolittle, & Herlihy, 
2002).

 9. Provide incentives for all participants, including intrinsic and extrinsic motiva-
tors linked to project work, such as external expectations—from standards to 
validation from administrators. Show how the innovation is advantageous to 
and compatible with teachers’ experiences and needs (Berends et  al., 2001; 
Borman et al., 2003; Cohen, 1996; Darling-Hammond, 1996; Elmore, 1996a; 
Rogers, 2003).

 10. Maintain frequent, repeated communication, assessment (“checking up”), and 
follow-through efforts at all levels within each school district, emphasizing the 
purpose, expectations, and visions of the project, and involve key groups in 
continual improvement through cycles of data collection and problem solving 
(Hall & Hord, 2001; Huberman, 1992; Jackson et al., 2014; Kaser et al., 1999; 
Snipes et al., 2002; U.S. Department of Education, 2016). Throughout, connec-
tions with parents and community groups are especially important to meet 
immediate and long-range (sustainability) goals.

 Fade-Out of Early Interventions: Research and Theories

Although some studies indicate that prekindergarten interventions can have lasting 
effects (Broberg, Wessels, Lamb, & Hwang, 1997; Gray, Ramsey, & Klaus, 1983; 
Magnuson & Waldfogel, 2005; Montie, Xiang, & Schweinhart, 2006; Phillips, 
Gormley, & Anderson, 2016), most show such gains “fading” in the primary grades 
(ACF, 2010; Atchison, Diffey, & Workman, 2016; Claessens & Garrett, 2014; 
Natriello et  al., 1990; Preschool Curriculum Evaluation Research Consortium, 
2008; Puma et  al., 2012; Turner & Ritter, 2004) or at best reveal mixed results 
(Bitler, Domina, & Hoynes, 2012; Hill, Gormley, & Adelstein, 2015). A recent 
meta-analysis on fade-out of early interventions involving nearly 1100 effect sizes 
taken from 65 studies reported an average impact of 0.26 SD but also that impacts 
decline by about 0.04 standard deviation units per year, which implies that program 
impacts persist, on average, for about 10 years (Leak et al., 2012).

There are at least five hypotheses about such fade-out (from Clements et  al., 
2018). First, the learning begets learning hypothesis (Carneiro & Heckman, 2003) 
posits that high-quality experiences result in greater school readiness and thus start 
a cascade of higher learning and achievement (Magnuson, Meyers, Ruhm, & 
Waldfogel, 2004). Second, the inadequate potency hypothesis attributes fade-out to 
the weakness and evanescence of the original intervention (ACF, 2010; Natriello 
et al., 1990; Turner, Ritter, Robertson, & Featherston, 2006). Third, the latent trait 
hypothesis holds that individual differences in children’s later knowledge are more 
an indicator of stable, underlying characteristics related to learning and develop-
ment throughout development (e.g., children’s domain-general cognitive abilities, 
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motivation, and external environments, such as home and school cultures) than of 
direct effects of early achievement on later achievement (Bailey, Watts, Littlefield, 
& Geary, 2014; Cooper, Allen, Patall, & Dent, 2010). Fourth, the insidious insipid 
instruction hypothesis (Clements, Sarama, et al., 2018) suggests that many educa-
tional contexts (e.g., minimal demands of curricula, standards, and teaching prac-
tices) unintentionally undermine persistence of effects of early intervention 
(Brooks-Gunn, 2003; Cooper et al., 2010; Ramey & Ramey, 1998). For example, 
after a successful pre-K experience, children may experience kindergarten and first- 
grade classrooms in which both the teachers and curricula assume little competence 
and target only early-developing skills (kindergarten and first-grade instruction 
often covers material children already know even without such pre-K experience, 
Engel, Claessens, & Finch, 2013). Teachers may remain unaware that some of their 
children have already mastered the material they are about to “teach” (Bennett, 
Desforges, Cockburn, & Wilkinson, 1984; National Research Council, 2009). Even 
if teachers are so aware, pressure to increase the number of children passing mini-
mal competency assessments may lead some teachers to work mainly with the 
lowest- performing children. Within this context and without continual, progressive 
support, children’s early gains appear to fade (cf. Robertson, 2015; Zhai, Raver, & 
Jones, 2012). Fifth, the latent foundation hypothesis (Clements, Sarama, et  al., 
2018) holds that any effects of building a foundation of comprehensive proficiencies 
may be revealed when the demands of instruction increase. This suggests that 
assessments in grades in which complexity increases the most may be more likely 
to evince the long-term effects of early development of such comprehensive profi-
ciencies. For example, in mathematics, first grade is substantially more difficult 
than kindergarten (CCSSO/NGA, 2010; Engel et al., 2013; Powell, Fuchs, & Fuchs, 
2013) especially in the increase in requirements for conceptual understanding 
(Schmidt, personal communication, May 9, 2016); and fifth grade shows a similar 
substantial increase in mathematical demands (CCSSO/NGA, 2010; Heatly, 
Bachman, & Votruba-Drzal, 2015; Pianta, Belsky, Vadergrift, Houts, & Morrison, 
2008; Powell et  al., 2013; Schmidt, Wang, & McKnight, 2005; Westat & Policy 
Studies Associates, 2001).

Thus, when we designed the TRIAD model, we knew we must also address the 
issue of fade-out as children move through the primary grades. The following sec-
tion discusses how this model and its evaluation address these challenges and these 
hypotheses.

 TRIAD and Transitions

The issue of fade-out was prominent in the work by many, including ourselves. For 
example, fade-out of general early childhood programs is a long-standing issue, 
and, for ourselves, the positive effects of our intervention in the Preschool 
Curriculum Evaluation Research (Preschool Curriculum Evaluation Research 

J. Sarama and D. H. Clements



335

Consortium, 2008) project—one of only a couple that had significant effects (Klein 
et al., 2008)—faded by the end of kindergarten (Preschool Curriculum Evaluation 
Research Consortium, 2008). Therefore, we designed the TRIAD model and the 
second evaluation to focus on the transitions from preschool to kindergarten and 
first grade.

Given that the TRIAD model was originally designed for all grades, an important 
principle of our implementation was that pre-K interventions alone cannot be 
expected to “inoculate” children against risks of school failure (Brooks-Gunn, 2003; 
Clements, Sarama, Wolfe, & Spitler, 2013; Sarama et al., 2012), and therefore the 
TRIAD model should be implemented in kindergarten and first grade as well as 
pre-K.

Beyond this basic principle, several aspects of the TRIAD model speak specifi-
cally to transitions across these grades. There may be no more important feature of 
the TRIAD model to support transitions than its core of learning trajectories. This 
construct allows teachers at different grades to see how development occurs through 
the grades and how some children at any grade are operating at the same level of 
thinking as certain children in earlier and later grades (Wilson et al., 2013). Thus, 
the learning trajectories become essential boundary objects (Akkerman & Baker, 
2011; Cobb et al., 2003; Wilson et al., 2013) that serve as connective tissue, linking 
the standards, curricula, and practices of all the grades in early childhood and facili-
tating communication and coordination among teachers across these grades. Such 
coordination, and especially collaboration, supports children, especially African- 
American and Latino/a children (Moller et  al., 2014, relevant to guideline #2). 
TRIAD’s guidelines #1 and #6, emphasizing communication and camaraderie, are 
important to building and maintaining such coordinated efforts.

These communications and connections are especially important in the pre-K to 
kindergarten transition. Curricula designed for kindergarten often assume low levels 
of mathematical knowledge and often focus on lower-level skills (Engel et  al., 
2013). A culture of low expectations for certain communities and groups may sup-
port the use of such curricula (Boser, Wilhelm, & Hanna, 2014; O’Day & Smith, 
2016). Teachers are often required to follow such curricula strictly and may have 
few means to recognize that children have already mastered or surpassed the content 
they are about to “teach” them (Bennett et al., 1984; Clements & Sarama, 2009a; 
National Research Council, 2009; Sarama & Clements, 2009; Thomas, 1982). Even 
if they do recognize children’s competencies, pressure to increase the number of 
children passing minimal competency assessments may lead teachers to work 
mainly with (and/or mainly at the level of) the lowest-performing children. 
Communication between pre-K and kindergarten teachers based on learning trajec-
tories has the potential to go beyond the typical “let’s make sure we’re not doing the 
same activities” to focus on children’s levels of thinking and therefore a sharing of 
educational practices for children at certain levels regardless of the grade, and, more 
important in kindergarten, the possibility that kindergarten teachers welcoming 
children who experience high-quality pre-K education can consider more extensive 
changes, such as curriculum compacting or other strategies.
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 Implementation and Research

A series of studies evaluated the TRIAD model from pre-K to first grade, with the 
most recent analyses involving the cohort of children finishing their fifth-grade year. 
We used a cluster randomized (at the school level) experimental design that enabled 
a formal test of the generalizability of TRIAD’s impact over the varied settings in 
which it was implemented. Participants were the 1305 children from the original 42 
schools in Buffalo, NY, and Boston, MA, who had both a pretest and posttest in 
pre-K (Clements, Sarama, Spitler, Lange, & Wolfe, 2011) and the kindergarten and 
first-grade teachers in those schools. Schools were randomly assigned to three con-
ditions, TRIAD in pre-K only, TRIAD with follow-through (TRIAD-FT) in kinder-
garten and first grade, and a business-as-usual control.3

In pre-K, then, both the experimental interventions implemented the Building 
Blocks curriculum (Clements & Sarama, 2013) using the TRIAD model (details are 
available in Clements et al., 2011). Basic results were that teachers implemented the 
intervention with adequate fidelity and that pre- to posttest scores showed that the 
children in the Building Blocks group learned more mathematics than the children 
in the control group (effect size, g = 0.72).

In the kindergarten year, the two TRIAD groups differed, with only the 
TRIAD-FT group engaged in the TRIAD model (this was repeated the following 
year). Kindergarten (and, a year later, first-grade) teachers in those schools assigned 
to TRIAD’s follow-through condition were engaged in multiple activities. First, 
staff met with kindergarten and pre-K teachers on site at each follow-through school 
to facilitate an exchange of information between the pre-K teachers and kindergar-
ten teachers regarding the particular mathematics knowledge and skills of children 
who had participated in the Building Blocks curriculum during the preceding year. 
TRIAD staff then worked with the 43 kindergarten teachers for seven sessions, 
spread over the intervention year, teaching them (a) about the pre-K intervention 
and what children learned (some pre-K teachers again presented on the latter) and 
(b) ways to build upon it in kindergarten. That is, teachers were shown, through 
example assessments items and videos, the mathematics that many of their entering 
children had learned. Teachers were also taught about the learning trajectories 
appropriate to their grade level (including levels of thinking common in contiguous 
grades), including the developmental progressions and how to modify their extant 
curricula to more closely match the levels of thinking of their children. That is, 
teachers discussed ways to use learning trajectories to support formative assessment 
(Clements & Sarama, 2009b, 2014; National Mathematics Advisory Panel, 2008; 
Sarama & Clements, 2009; Wilson, Sztajn, Edgington, & Myers, 2015). For exam-
ple, they examined activities from their kindergarten mathematics curriculum and 
discussed how they could productively adapt them for children at different levels of 

3 To maintain focus, we do not describe all the ways that TRIAD’s guidelines were implemented, 
such as planning for the long term by starting with these schools for the research, but from the start 
scheduling counterfactual schools and any new teachers for professional development after the 
cohort of children had completed those grades.
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thinking along the learning trajectory for that topic. Some schools organized pre-K 
to grade 1 learning communities (Giles & Hargreaves, 2006) and invited project 
leaders to attend meetings. They also received access to the Building Blocks soft-
ware (Clements & Sarama, 2007/2016), the same suite that the children had used in 
pre-K, which follows the learning trajectories through the primary grades.

In summary, the TRIAD-FT intervention provided kindergarten and first-grade 
teachers with professional development to develop their knowledge of the pre-K 
intervention and strategies for building on that knowledge using learning trajecto-
ries (Clements & Sarama, 2014; Sarama & Clements, 2009; Sztajn, Confrey, 
Wilson, & Edgington, 2012). We recognized that this was not a full curricular and 
pedagogical intervention such as that implemented in the pre-K TRIAD classrooms. 
The kindergarten and first-grade curriculum was “research-based,” but not one 
based on learning trajectories as we define them. Thus, teachers of those grades 
would have had to impose a learning trajectories framework on a different curricu-
lum, putting far more demands on the teachers who received less than half of the 
professional development for half of the time (1 year instead of 2). However, the 
intervention nevertheless served as an indirect test of our insidious insipid instruc-
tion hypothesis.

In addition, several unforeseen challenges confronted our vision for implement-
ing these admittedly limited transition-based innovations. The year that the children 
started kindergarten, one district adopted a substantially revised version of their 
mathematics curriculum, the kindergarten level of Investigations (Investigations in 
number, data, and space, 2008), while the other district continued to use the first 
edition of the same curriculum. Both districts wrote and disseminated “pacing 
guides” that established what unit of the curriculum should be taught each week. 
For example, specific lessons were to be taught on specific days (e.g., lessons from 
the curriculum’s “Day 1” on Oct. 7, lessons from “Day 2” on Oct. 8, etc.). The 
“walk-through” form used by administrators included items on this pacing guide. 
Teachers discussed the fact that any modifications using formative assessment, 
much less curriculum compacting, were all disallowed by what they called the dis-
trict’s “fidelity police.” Efforts to institute the TRIAD guideline regarding commu-
nication were unsuccessful in most cases to change these opposing viewpoints.

Results showed the expected fade-out; that is, the effect size decreased for both 
experimental groups. Nevertheless, both TRIAD groups continued to outperform the 
control condition (g  =  0.46 for the follow-through, g  =  0.30 for the non-follow- 
through) at the end of their kindergarten year (Sarama et al., 2012). Differences were 
more pronounced at the end of first grade, with both experimental groups scoring 
significantly higher than control children (g = 0.51 for TRIAD-FT; g = 0.28 for non-
follow-through), and TRIAD-FT children scored significantly higher than non- 
follow- through children (g = 0.24) (Clements et al., 2013). Analyses revealed just one 
consistent moderator. In all years, the TRIAD implementation was particularly ben-
eficial for children who identified themselves as African-American. Mediators were 
complex, but again one was strongest and most consistent across the grades: The 
TRIAD follow-through intervention’s effect was partially mediated by an increase in 
a positive classroom culture regarding mathematics thinking and learning.
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At the time of this writing, we are analyzing the results of following this TRIAD 
cohort into their fifth-grade year. Without any intervention after first grade, the 
results continue to decrease for all groups. Effects were near-zero by fourth grade, 
but impacts on math achievement reemerged at fifth grade, and impacts were great-
est on children who remained in their original assignment condition (“stayers”) to 
receive the full dose of their respective treatments (Clements, Sarama, et al., 2018).

 Challenges and Next Steps

Many challenges faced us during TRIAD’s implementation, as they do any large- 
scale implementation. Bringing together diverse groups to support an intervention 
is alone a challenging task. Achieving an adequate level of fidelity of implementa-
tion presents challenges such as sufficient materials, technology, professional devel-
opment, in-class support, and so forth. Supporting transitions between grades places 
additional demands on administrators, teachers, and staff. Each of these challenges 
requires both financial and social capital. A critical example of social capital is the 
essential support of school leaders, which drives improvements in all other compo-
nents of the system (Bryk et al., 2010).

Turning to transitions, the follow-through treatment was, as we described, useful 
but too limited. Financial and logistical constrains kept us from implementing 
aligned curriculum in kindergarten and first grade and providing multi-year profes-
sional development. We are participating in new studies using different strategies, 
but more creative efforts are needed, such as starting in pre-K and implementing 
learning trajectories-based curriculum using the full TRIAD model for each con-
secutive year throughout elementary school. In general, too, the specific contribu-
tion of the learning trajectories per se, especially as connective tissue between 
grades, needs to be disentangled and identified. We are conducting a series of stud-
ies funded by IES to do so.

 Conclusions and Implications

The best predictor of a successful academic career is early mastery of literacy and 
mathematical concepts and skills (Aunola, Leskinen, Lerkkanen, & Nurmi, 2004; 
Duncan, Claessens, & Engel, 2004; Paris, Morrison, & Miller, 2006). Children from 
low-resource communities benefit more relative to children from higher-resource 
communities from the same “dose” of school instruction (Raudenbush, 2009). Thus, 
comprehensive implementations of research-based interventions may be especially 
effective in low-resource schools such as those in this project. This was the goal of 
our TRIAD project—to create a theoretically and empirically grounded model of 
scale-up and to increase knowledge of scaling up, and particularly the persistence of 
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effects with and without follow-through, by conducting research that investigates 
the effectiveness of an instantiation of that model.

Evaluations at the pre-K level indicate that the TRIAD model shows promise in 
scaling up at least one educational intervention across a large number of diverse 
populations and contexts in the early childhood system. This evaluation supports 
major guidelines of the TRIAD model that involve the use of learning trajectories, 
contributing to the growing research corpus that supports the educational usefulness 
of learning trajectories, including evaluations of curricula built upon learning trajec-
tories (Clements & Sarama, 2007, 2008; Sarama et al., 2008), elementary curricula 
based on related trajectories (Agodini & Harris, 2010), studies of successful teach-
ing (Wood & Frid, 2005), and professional development projects (Bright, Bowman, 
& Vacc, 1997; Clarke et al., 2002; Wilson et al., 2015; Wright, Martland, Stafford, 
& Stanger, 2002). This supports the use of such structures in standards, such as the 
Common Core State Standards (CCSSO/NGA, 2010).

Although preschool is important—proficiency in math at the start of kindergar-
ten accounts for the greatest decrease in the SES-math achievement gap (Galindo & 
Sonnenschein, 2015)—the primary grades must build on that positive start. Although 
effect sizes decreased in both groups, children in the TRIAD-FT group maintained 
their relative gains due to the interventions at kindergarten and first grade more than 
did children in the TRIAD group who did not have those transitions.

The TRIAD follow-through intervention’s effect was partially due to the increase 
in the positive classroom cultures teachers develop. Interventions such as TRIAD 
may help engender a greater focus on mathematics, which in turn can help increase 
children’s mathematics achievement. As other work has shown (Carpenter, Fennema, 
Peterson, & Carey, 1988; Clements et al., 2011; Jacobs, Franke, Carpenter, Levi, & 
Battey, 2001; National Research Council, 2009), helping primary teachers gain 
additional knowledge of mathematics, children’s thinking and learning about math-
ematics, and how instructional tasks can be designed and modified—that is, the 
three components of learning trajectories—has a measurable, positive effect on 
their children’s achievement.

The TRIAD-FT intervention especially helped narrow the achievement gap for 
African-American children. A high-quality, consistent mathematics education can 
make a demonstrative and consistent positive impact on the educational attainment 
of African-American children in the pre-K, kindergarten, and first-grade years com-
pared to traditional instruction.

How do these results speak to the various hypotheses regarding the fade-out 
issues? First, there is no support for the most optimistic, learning begets learning, 
hypothesis. Effect sizes did decrease considerably. Our brief intervention (approxi-
mately 15–25 min per day) did not initiate a cascade of higher learning and achieve-
ment. This supports the notion that attending to transitions is critical.

It could be argued that our data is consistent with the second, inadequate potency, 
hypothesis. Again, the intervention was just a few (15–20) minutes per day and 
quite distinct from studies that compare an entire preschool program to children 
who attended no preschool. Thus, very large and lasting effects across domains 
would not be credible. However, in mathematics alone, although the effect size 
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(0.72 SD) in scale-up conditions was substantially smaller than in more controlled 
conditions during pre-K (in which effect sizes more than doubled this, Clements & 
Sarama, 2007), for a large-scale implementation of a relatively limited intervention, 
this must be considered at least a moderate effect (and greater than most, cf. Borman 
et al., 2003; Leak et al., 2012). Just as important, this hypothesis reifies the treat-
ment effect as an entity that should persist unless it is “weak” and thus susceptible 
to fading. Such a perspective identifies the gain not as a snapshot of relative achieve-
ment but rather as a static object “carried by” the student that, if not evanescent, 
would continue to lift the student’s achievement about the norm. Our theory (Sarama 
& Clements, 2009) does not share this view—that education and its effects are 
strictly about individual accumulation of knowledge.

The third, latent trait, hypothesis is supported by our analyses. This more pessi-
mistic view is that stable characteristics are more influential than learning experi-
ences over a limited time. The decrease in effect sizes across the entire follow-up 
period is consistent with the meta-analysis (Leak et al., 2012), with our decrease 
even greater at each year through the fourth grade, beginning with the greatest drop 
between the end of pre-K and the end of kindergarten of approximately 0.4 SD. We 
return to this issue after considering the other hypotheses.

Support was also given to two final hypotheses. The reemergence of significant 
effects at two critical point in elementary education—the transition to the increasing 
demands of the mathematics curricula of first and of fifth grade—supports the latent 
foundation hypothesis. Effect sizes at first and fifth grade were larger than impacts 
at kindergarten and fourth grade for both conditions, among all children and within 
all subgroups. It may be that children’s early math learning helped them meet the 
greater mathematical demands introduced in first and fifth grades by building a 
foundation of comprehensive mathematics proficiencies. Because this was true for 
children in both TRIAD conditions, this may have been based on pre-K learning, 
rather than the follow-through intervention.

However, the decrease in effect size was greatest between pre-K and kindergar-
ten—the latter a particularly unchallenging year (Engel et al., 2013). This finding 
supports the insidious insipid instruction hypothesis that the large decrease in the 
effect size was much more likely a “catch-up” than a “fade-out” phenomenon. 
Further, the decrease was less for the first-grade TRIAD-FT group than the first- 
grade TRIAD-NFT group, indicating that the follow-through work with first-grade 
teachers may have supported young learners in their transition to more challenging 
mathematics.

An implication of our results and the relative support for the various fade-out 
hypotheses is that children’s trajectories must be studied as the children experience 
different educational courses. Intervention effects are relative, both in contrasting 
experimental and control groups and, longitudinally, to the nature of educational 
experiences the children in these groups subsequently receive. Although this might 
appear to be an issue of simple “educational engineering,” the issue has substantial 
implications for both theory and policy. Interpretations of this “fade” often call for 
decreased funding and attention to pre-K (Fish, 2007). That is, if one accepts the 
inadequate potency hypothesis (even give substantial investments and efforts) or, 
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more pessimistically, the latent trait hypothesis, it is not unreasonable to stop fund-
ing education in the early years. Although this may appear economically reason-
able, we believe this mistakenly treats initial effects of interventions as independent 
of all future school contexts and of their interrelationships (alignment and continu-
ity). Instead, we believe children’s trajectories must be studied as they experience 
different educational courses and especially the transitions between consecutive 
years. If such effects “fade” in traditional settings but do not (or do not decrease as 
much) in follow-through interventions, then attention to and funding for follow- 
through efforts, including transitions from one grade to the next, for both pre-K and 
the primary grades should arguably increase.

Supporting this argument, our results and the implications we draw from them 
are consistent with other studies. For example, children from preschool intervention- 
enrolled classrooms, who transitioned to higher-performing elementary schools 
where the instructional quality was also high, maintained their initial learning gains, 
when compared to demographically similar children in the control group who also 
transitioned to higher-performing schools (Zhai et al., 2012). Children who are at- 
risk need continuing diagnosis and support (Brooks-Gunn, 2003; Mononen, 2014) 
using research-based learning trajectories (Salaschek, Zeuch, & Souvignier, 2014). 
This is the main lesson we learned from the TRIAD project: The sustainment of 
intervention effects requires the sustainment of high-quality, connected, coherent 
education based on research, including research on learning trajectories.

In summary, we agree that the latent trait hypothesis helps explain fade-out. 
However, there are two diametrically opposed implications that can be drawn from 
these findings. The “silver bullet” perspective holds that if pre-K effects are not 
sustained with no further support, we abandon pre-K and look for a different 
“magic” (Brooks-Gunn, 2003) alternative. (Few support such an approach to, say, 
one or more of the primary grades.) We take the position that the future well-being 
of both individuals and the society to which they can and would contribute are better 
served by improving preschools, all subsequent grades, and the coherence among 
them by fully implementing research-validated interventions, such as the TRIAD 
model across this span, to provide equitable support to all children in all grades.
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