
UC Irvine
UC Irvine Previously Published Works

Title
The Roles of Transfer of Learning and Forgetting in the Persistence and Fadeout of Early 
Childhood Mathematics Interventions.

Permalink
https://escholarship.org/uc/item/10f5h18c

Journal
Journal of educational psychology, 111(4)

ISSN
0022-0663

Authors
Kang, Connie Y
Duncan, Greg J
Clements, Douglas H
et al.

Publication Date
2019-05-01

DOI
10.1037/edu0000297
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/10f5h18c
https://escholarship.org/uc/item/10f5h18c#author
https://escholarship.org
http://www.cdlib.org/


ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

The Roles of Transfer of Learning and Forgetting in the Persistence
and Fadeout of Early Childhood Mathematics Interventions

Connie Y. Kang1

Greg J. Duncan1

Douglas H. Clements2

Julie S. Sarama2

Drew H. Bailey1

1  School of Education, University of California, Irvine
2  Morgridge College of Education, University of Denver

Acknowledgement
We are grateful to the Eunice Kennedy Shriver National Institute of Child 
Health and Human Development for funding this research under Grant 
Number P01HD065704. This research was also supported by the Institute 
of Education Sciences, U.S. Department of Education, through Grants 
R305K05157 and R305A120813. The content and opinions expressed are 
those solely of the authors and do not necessarily represent the official views
of the U.S. Department of Education not the views of the National Institutes 
of Health. We would also like to thank Jade Jenkins and Susanne Jaeggi for 
helpful comments on a prior draft.

1
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Abstract

Although effective interventions have generated immediate positive effects 

on mathematics achievement, these effects often diminish over time, leading

to the important question of what causes fadeout and persistence of 

intervention effects. This study investigates how children’s forgetting 

contributes to fadeout and how transfer contributes to the persistence of 

effects of early childhood mathematics interventions. We also test whether 

having a sustaining classroom environment following an intervention helps 

mitigate forgetting and promote new learning. Students who received the 

intervention forgot more in the following year than students who did not, but 

forgetting accounted for only about one-quarter of the fadeout effect. A small

offsetting, non-significant transfer effect accounted for some of the 

persistence of the intervention effect, approximately one-tenth of the end-of-

program treatment effect and a quarter of the treatment effect one year 

later. These findings suggest that most of the fadeout was attributable to 

control-group students catching up to the treatment-group students in the 

year following the intervention. Finding ways to facilitate more transfer of 

learning in subsequent schooling could improve the persistence of early 

intervention effects.

Keywords: intervention, fadeout, persistence, forgetting, transfer of 

learning
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Educational Impact and Implications Statement

Positive effects of early childhood interventions on students’ achievement 

often fade out over time following the intervention. This study investigates 

whether fadeout can be attributed to differences between children in the 

treatment and control group in forgetting previously learned content and 

whether transfer of learning contributes to the persistence of these 

intervention effects. We find that differences in forgetting account for some 

of the fadeout effect, but much of fadeout is still due to catch-up of the 

control group. Differences in transfer of learning account for a small amount 

of the persistent effect of the intervention one year later, but were not 

statistically significant. Our study implies that incorporating strategies for 

retention in order to mitigate forgetting may prove beneficial in prolonging 

intervention effects. 
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Introduction

Mathematics achievement gaps between high- and low-income 

students are evident even before children start school and persist across the 

school years (Bodovski & Farkas, 2007; Clements & Sarama, 2011; Fryer & 

Levitt, 2006; Lee & Burkham, 2002; Reardon, 2011). This has stimulated the 

development of many research-based mathematics interventions targeting 

children who are at highest risk for persistently low mathematics 

achievement (e.g., Clements & Sarama, 2011; Bryant, Bryant, Gersten, 

Scammacca, & Chavez, 2008; Dyson, Jordan, & Glutting, 2013; Fuchs et al., 

2013; Smith, Cobb, Farran, Cordray, & Munter, 2013; Starkey, Klein, & 

Wakeley, 2004).

Unfortunately, it is common for the promising impacts of early 

academic interventions to diminish or even fade out completely within a few 

years after the end of the intervention (e.g. Barnett, 2011; Puma et al., 2010;

Smith et al., 2013). A study of the effectiveness of Building Blocks, a pre-K 

mathematics curriculum, showed a substantial effect on children’s 

mathematics achievement (g = .72) at the end of the pre-K year, but a much

smaller effect two years later (g = .28 for the treatment group without 

follow-through intervention; g = .51 for those who received a follow-through 

intervention; Clements, Sarama, Spitler, Lange, & Wolfe, 2011; Clements, 

Sarama, Wolfe, & Spitler, 2013). These results raise important questions 

about the causes of fadeout and reasons for persistence. This study is the 

first to analyze item-level data to estimate whether treatment-control 
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differences in forgetting play a role in the fadeout of intervention effects and 

how much transfer of learning in the post-treatment period may contribute 

to the persistence of intervention effects.

Theories of Fadeout

A commonly observed pattern in the fadeout of the effects of early 

childhood interventions is that students receiving an intervention lose their 

academic advantage as their classmates who did not receive the 

intervention “catch up” to their skill levels in the years following the 

intervention (Clements et al., 2013; Smith et al., 2013). Although the children

who received the intervention continue to learn after the intervention, they 

learn at a slower pace than the children in the control group. 

One intuitively appealing reason for fadeout is that students cannot 

“learn” material they already know. Thus, effective interventions may be 

followed by instruction that is repetitive for children who received the 

intervention but effective for children who did not, resulting in a pattern of 

catch-up by the control group. However, this hypothesis has received limited 

support: higher achieving children who received a boost from an effective 

early mathematics intervention did not show faster convergence to higher 

achieving children in the control group than lower achieving children in the 

treatment group did to lower-achieving control-group children (Bailey et al., 

2016). Further, a recent analysis of persistence for two effective early 

childhood interventions did not find differing levels of persistence for children
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who entered kindergarten or first-grade classrooms with more advanced 

levels of instruction (Jenkins et al., 2015). 

Catch-up implies that prior knowledge may be necessary, but not 

sufficient, for later learning. However, given the fundamentality of basic 

mathematics knowledge for later mathematics learning, this raises a difficult 

question: Why might students revert to their previous learning trajectories 

following the conclusion of a successful intervention? 

Differences in Forgetting as an Explanation for Fadeout of 

Intervention Effects

A different hypothesized cause of fadeout is forgetting: Although both 

intervention and comparison groups learn more than they forget, some or all 

of the fadeout effect may be caused by group differences in forgetting, with 

children who received the intervention forgetting more than children who did

not receive the intervention. We use the term forgetting throughout this 

paper to refer to a heterogeneous set of faulty retrieval-based explanations, 

among which we cannot differentiate using these data. Two broad sets of 

retrieval-related explanations of greater forgetting by children who just 

received an effective early math intervention are 1) the relative intensity and

high rate of learning during an effective early math intervention, which 

provides less opportunity for full consolidation and more opportunity for 

interference, and 2) the mismatch between children’s contexts during and 

after the effective early intervention may result in newly learned information 

interfering with information children learned during the intervention. Both of 
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these explanations involve conditions more likely to lead to forgetting: 

According to Wixted (2004), “What the exact variables are that govern the 

degree to which prior memories are degraded is not known, but one obvious 

possibility is that the greater and more variable the new learning is, the 

greater the interfering effect will be.” (p. 264). 

Why might children in the treatment group forget more information 

than children in the control group? First, interventions generally occur during

a limited period of time. Recently formed memories are less consolidated, 

less stable, and more vulnerable than older memories to interfering forces of

mental activity and memory formation (Wixted, 2004). Memories become 

more stable over time and memory retrieval consists of a dynamic process in

which new information becomes added and modifies the existing 

representation of that memory (Miller & Matzel, 2000). Therefore, children 

who receive an information-rich intensive intervention may subsequently be 

more likely to forget the material they learn during that intervention.

Additionally, if the content of the intervention differs greatly from what

students are taught in a school setting, children may be most likely to forget 

the information they learned during this intervention. Given the rudimentary 

level of the mathematics content knowledge children encounter in most 

kindergarten classrooms (Claessens, Engel, & Curran, 2013; Engel, 

Claessens, & Finch, 2014), and a lack of coordination between high-quality 

early mathematics interventions and subsequent curricula, perhaps children 
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will not have opportunities to link the knowledge they gained during an 

intervention to what is taught to them in subsequent years. 

The cognitive processes of learning and forgetting are not mutually 

exclusive. Contrary to Thorndike’s (1914) theory that forgetting is the result 

of memories fading away or decaying over time, McGeoch (1932) argued 

that information stored in long-term memory remains there, but may 

become inaccessible due to one or both of two different factors: (1) 

reproductive inhibition, in which one loses access to previously learned skills 

stored in one’s memory due to interference from competing information in 

memory; and (2) altered stimulating conditions, in which the retrieval cues 

that are available to us change as our lives progress.

Refining McGeoch’s theory, Bjork’s (2011) theory of disuse argues that 

disuse contributes to forgetting as access to those memories become 

inhibited due to retrieval of competing memories. Therefore, learning 

actually contributes to forgetting because newly learned information and 

skills create potential for competition with preexisting information stored in 

memory (Bjork, 2011), which implies that learning and forgetting may even 

occur simultaneously. This leads us to hypothesize that although the 

students who receive an effective intervention may learn more than they 

would otherwise, they may also subsequently forget more. 

Prior research on fadeout has not been able to directly measure 

forgetting. In the current study, we use data at the item level, defining 

forgetting as answering an item correctly at one time and answering the 



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

same item incorrectly at a later time. Although children who receive a 

successful early math intervention experience a net score gain in the year 

following the end of treatment, we hypothesize for the reasons above that 

both groups are also forgetting information, with more forgetting in the 

treatment group than in the control group.

Transfer of Learning, Fadeout, and Persistence of Intervention 

Effects

Although group differences in forgetting may contribute to fadeout of 

interventions, group differences favoring the intervention group may be 

counteracted by greater transfer of learning, which may increase the 

persistence of some intervention effects. Whereas most studies of transfer 

often refer to cross-domain learning (e.g. language to math), we focus in this

paper on vertical transfer from more basic to more complex content within 

the same learning domain. Vertical transfer of learning, whereby individuals' 

prior knowledge of simpler concepts and procedures are essential to 

acquiring new knowledge of more difficult concepts and procedures, is a key 

component of skill building. Vertical transfer is important in children’s 

mathematical development, as concepts and procedures tend to build upon 

previous mathematics knowledge (Baroody, 1987; Jordan, Kaplan, Locuniak, 

Ramineni, 2007; Lemaire & Siegler, 1995). For example, students need to 

understand basic addition before learning to multiply. Transfer of learning is 

likely in this context because most children learn multiplication problems by 

first solving them via repeated addition (Lemaire & Siegler, 1995). Therefore,
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it follows that the skills that children gain from interventions may help them 

develop later math skills. 

Other types of transfer, such as horizontal transfer, where children see 

an analogy between some previously learned topic and later material and 

the former improves learning of the latter, may also occur in mathematics 

learning; the current study cannot differentiate between types of transfer. 

Regardless, rich conceptual interventions that help to promote transfer of 

learning may have positive learning outcomes for students that are not 

immediately recognized following the intervention. Transfer of learning could

explain the persistence of some intervention effects in the years following 

the intervention.

Although early math skills are known to be important for later learning,

it may not necessarily follow that an experimentally induced enhancement in

early math skills from the intervention will lead to substantial transfer of 

learning. Transfer between contexts and problems that seem very different 

from one another (far transfer) is less likely to occur than transfer between 

very similar contexts and problems (near transfer) (Perkins & Salomon, 

1992). Successful transfer may require key environmental supports during 

the years following the intervention, including a close alignment of the 

intervention with subsequent curricula. But recent research has produced 

evidence of misalignment in the early grades (Claessens, Engel, & Curran, 

2013). Estimates of the effects of early mathematics achievement on much 

later mathematics achievement suggest that effects are greater than zero, 
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but quickly diminishing as the distance between earlier and later 

achievement increases (Bailey, Watts, Littlefield, & Geary, 2014; Bailey et 

al., 2018). Without such support, much of the persistent effect of a 

successful early mathematics intervention may be a function only of 

knowledge gained during the intervention, in which case catch-up is a likely 

consequence. 

A final reason to question the possibility of ubiquitous transfer of 

learning following the conclusion of the intervention is that preschool 

children exposed to an intervention may struggle with integrating their new 

knowledge. To illustrate, in experimental studies that have asked children of 

various ages to integrate two related facts (e.g., dolphins live in groups 

called pods; dolphins talk by clicking and squeaking) into a single integrated 

fact (pods talk by clicking and squeaking), pre-K aged children struggle at 

this task much more than older children. For example, in two such studies, 4-

year-olds self-generated integrated facts in 13% of trials, compared with 

50% and 67% of trials in samples of 6-year-olds (Bauer & Larkina, 2016; 

Bauer & San Souci, 2010). Because transfer requires children to both 

understand individual concepts and integrate facts, the fact that older 

children are better able to integrate facts suggests that transfer may be 

more likely to occur for older children. If pre-K aged children struggle to 

integrate facts, pre-K aged children who received an effective mathematics 

intervention may struggle to extend this knowledge following its conclusion 

without clear instruction linking previous knowledge to new concepts.
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Prior research on persistence has not separated post-intervention 

treatment effects into previously unknown material and material learned 

during the intervention. In the current study, we estimate transfer effects 

using item level data to estimate the effect of the intervention on difficult 

items – items that few or no children answered correctly at the end of the 

treatment – in the year following the end of the intervention.

Current Study

Although most research on forgetting and transfer of learning has been

conducted within lab-based settings, we extend the basic research on these 

cognitive processes into a field setting. This study takes an innovative 

approach using item-level analyses to investigate the roles of the cognitive 

processes of forgetting and transfer of learning in the fadeout and 

persistence of the effects of an early childhood mathematics intervention. 

The TRIAD intervention included professional development to help teachers 

learn how to teach early childhood mathematics using Building Blocks, an 

early childhood mathematics curriculum. To evaluate the effectiveness of the

intervention, schools with one or more preschool classrooms were randomly 

assigned to either a control group in which children received regular pre-K 

and school instruction or one of two treatment groups in which both group of

students received the pre-K intervention, but only one group received a 

follow-through intervention. The follow-through group students went into 

kindergarten classes with teachers who received professional development 

to help align their mathematics instruction with the material children learned
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in pre-K. Thus, we will also test whether having a sustaining environment 

following the intervention mitigated forgetting and promoted learning. 

Given the relatively intensive nature of the pre-K intervention we study

and its lack of alignment with regular curriculum following the intervention, 

we expected that some of the intervention fadeout would be explained by 

group differences in forgetting. However, due to the design of a pre-K 

mathematics intervention addressing children’s learning trajectories and the 

conceptually-rich curriculum, we predicted that transfer of learning would 

account for some of the group differences in achievement in subsequent 

grades. 

Additionally, we assessed the mitigating effects of the follow-up 

treatment of the intervention, in which the follow-through group received 

both the pre-K treatment and subsequent instruction in kindergarten by 

teachers who received some instruction on how to teach in a manner more 

aligned with the pre-K intervention curriculum. We anticipated a mitigating 

effect of subsequent instruction with the pre-K mathematics intervention on 

group differences in forgetting for the follow-through group compared with 

just the treatment group. This sustaining learning environment may allow 

students to better retain math knowledge that will help them learn future 

math skills, increasing the persistence of the intervention effect. We 

considered the role of item difficulty in treatment effects, forgetting, and 

transfer of learning. We predicted that students would learn easier items 

more quickly than difficult ones and that students would be more likely to 
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forget more difficult items and have less transfer on the hardest items, as 

children would receive less practice on these items and would have learned 

them more recently.

Methods

Data

Data were obtained from the Technology-enhanced, Research-based, 

Instruction, Assessment, and professional Development (TRIAD) evaluation 

study (Clements et al., 2011; Clements et al., 2013; Sarama, Clements, 

Wolfe, & Spitler, 2012), which evaluated the impact of the scale-up of the 

Building Blocks pre-K curriculum intervention. The Building Blocks pre-K 

curriculum was designed to take about 15 to 30 minutes of each school day, 

and focused on helping students develop numeric/quantitative as well as 

geometric/spatial skills that were thought to be pertinent to later 

mathematics achievement. For a full description of the curriculum and study 

procedures, see Clements & Sarama (2007a) and Clements et al. (2011). 

The TRIAD evaluation utilized a randomized control trial designed to 

assess the effectiveness of the early mathematics curriculum, Building 

Blocks, in 42 low-income schools in two northeastern U.S. cities: Buffalo, New

York and Boston, Massachusetts. The sample is predominantly a low-income 

ethnic minority sample, with 53% African-American, 22% Hispanic, 19% 

White, and 6% other ethnicity and 84% of the sample qualified for free and 

reduced price lunch, a measure of low socioeconomic status. The study 

involved 106 public pre-K classrooms, which were randomly assigned at the 
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school level to one of three conditions: (1) control (standard pre-K curriculum

as usual), (2) treatment (Building Blocks pre-K intervention curriculum only), 

and (3) follow-through (Building Blocks pre-K intervention curriculum + 

kindergarten curriculum aligned with the pre-K intervention curriculum to 

provide a sustaining environment for the intervention). In the second group, 

the pre-K teachers received professional development in curriculum training, 

but the teachers in the kindergarten classrooms, fed by these Building 

Blocks pre-K classrooms, did not. In the third group, the pre-K teachers 

received training equivalent to the training in the second group, and the 

teachers in kindergarten classrooms fed by Building Blocks pre-K classrooms 

also received training on ways to build upon the knowledge gained from the 

intervention using learning trajectories (Clements et al., 2013). The 

workshops for all teachers in the Building Blocks experimental conditions 

(Building Blocks-NFT and Building Blocks-FT) occurred during the 2006-2007 

school year.

Implementation of the intervention curriculum was assessed using the 

Building Blocks Fidelity of Implementation (Fidelity) and Classroom 

Observation of Early Mathematics-Environment and Teaching (COEMET) 

instruments. COEMET scores indicated a high level of fidelity. The 

instruments were created based on research on the characteristics and 

teaching strategies of effective teachers of early childhood mathematics 

(e.g., Clarke & Clarke, 2004; Clements & Sarama, 2007b; Fraivillig, Murphy, 

& Fuson, 1999; Galván Carlan, 2000; Horizon Research, Inc., 2001; Teaching 
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Strategies, Inc., 2001) and were designed to assess the “deep change” that 

“goes beyond surface structures or procedures (such as changes in 

materials, classroom organization, or the addition of specific activities) to 

alter teachers’ beliefs, norms of social interaction, and pedagogical principles

as enacted in the curriculum” (Coburn, 2003, p. 4). Prior analyses of the 

TRIAD data describe the fidelity instruments in greater detail and reported 

consistently high interrater reliability on these measures and adequate 

fidelity (Clements & Sarama, 2008; Clements et al., 2011). 

Data from the TRIAD evaluation are well-suited for addressing these 

questions because they include responses at the item level from the same 

test administered at the end of treatment and after a follow-up period. 

Further, the treatment effect is already known to have declined across the 

early grades (Clements et al., 2013), making it a useful resource for studying

fadeout and persistence. Because the study design was a randomized control

trial, we can obtain unbiased estimates of the effect of the intervention on 

students’ math achievement as well as group differences in forgetting and 

transfer of learning in the year following the intervention. Table 1 presents 

descriptive statistics for the control (n=396), treatment (n=484), and follow-

through (n=495) treatment condition students for the current study. Baseline

equivalence was achieved as the random assignment provides groups that 

are similar in all observable academic and demographic characteristics at 

the baseline in the beginning of pre-K (Table 1).
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Measures 

Math Achievement

Students’ math achievement was measured using a well-validated 

measure, which produced an overall reliability of 0.94—the Research-based 

Early Math Assessment (REMA: Clements, Sarama, & Liu, 2008; Clements et 

al., 2011). Students were assessed using the REMA at the beginning and end 

of preschool, as well as in the spring of kindergarten and first grade. The 

REMA was designed to measure young children’s (aged 3-8) math 

achievement, and assessed children’s number sense (counting and 

arithmetic) and geometry knowledge (shapes, measurement, and patterns). 

Trained administrators gave the test to students in one-on-one interviews 

that were taped and then later coded for strategies that the students used to

solve math problems and for correctness of their answers. Numerous items 

involved the use of manipulatives in solving the item, and the test was 

ordered by difficulty, with each item more difficult than the last. 

Due to the large number of items available in the assessment measure

used and the fact that it was designed to cover material ranging over 

multiple grade levels, we found 27 items that no students answered correctly

at either the end of pre-K or kindergarten. These items were eliminated from 

our analysis because they were not answered correctly by the children 

immediately following the intervention, not on the basis of their content. 

There was a stop-rule implemented such that the test would end after a 

student answered four consecutive questions incorrectly. Our analysis 
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assumes that questions occurring after the stop rule for a given session 

would have been answered incorrectly. Because our study utilized item-level 

analysis where each question was the unit of analysis, we created a 

dichotomous variable that indicated whether the student answered a 

particular item correctly or incorrectly at each of the two time points, at the 

end of pre-K and at the end of kindergarten. We wanted to examine fadeout 

and persistence so these conditions and time points were selected because 

the treatment effect was previously known to have diminished during that 

time period (Clements et al., 2013), and because we hypothesized that post-

intervention group differences in forgetting and transfer are most likely to 

occur in the period immediately following the intervention.

Treatment Group Assignment

Because we had three distinct treatment assignment groups (control, 

treatment, and follow-through), we created two dichotomous indicators of 

whether the child was in the Building Blocks treatment group or not and 

whether the child was in the follow-through group or not. Students in the 

control group serve as the reference group.

Item Difficulty

After first excluding the items that no student answered correctly at 

either the end of pre-K or at the end of kindergarten, we ranked the 

remaining items by difficulty from 1 to 132, based on the average of the 

proportion of control group students that answered the item correctly in pre-

K and the proportion of control group students that answered the item 
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correctly in kindergarten. We then rescaled this variable to have a range 

from 0 to 1 by subtracting 1 from the item’s rank and then dividing by 131. 

We then centered it around a mean of 0 by subtracting the average difficulty

of 0.5 to represent difficulty as item difficulty compared to the average 

difficulty of the items. Our resulting measure of difficulty ranges from -0.5 to 

0.5 and is centered on a mean of 0.

Demographics

Demographic information was also included in the dataset and used to 

assess the validity of randomization of treatment assignments to ensure that

the treatment assignment groups were approximately equal in all 

characteristics prior to receiving the treatment (Building Blocks intervention).

We created dichotomous indicators of whether the child was male or female, 

had limited English proficiency or not, and whether the child was enrolled in 

special education. As a measure of socioeconomic status we used indicators 

of whether the child qualified for free and reduced price lunch. We also 

included race/ethnicity, which were coded as dichotomous variables for each 

race/ethnicity using White as the reference group, and mother’s education.

Analysis

Fadeout

We measure fadeout in the intervention as the difference between end

of treatment (i.e., end of pre-K) and follow-up (i.e., end of kindergarten) 

impacts. For example, in logistic regressions of whether a item was 

answered correctly on the treatment indicator at the end of pre-K and end of 
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kindergarten, the absence of fadeout would be indicated by identical 

coefficients on the treatment indicators. In contrast, if the treatment effect at

the follow-up assessment at the end of kindergarten was less than that at 

the end of treatment in the end of pre-K, then the fadeout effect would be 

equal to the difference in the treatment effects across the two different time 

points. To facilitate the interpretation of treatment impacts, we converted 

the logit coefficients into their implied probability changes by estimating the 

marginal effects at the means of the independent variables using STATA’s 

margins command. To calculate the fadeout effect of the intervention, we 

subtracted the treatment effect at the follow-up from the treatment effect at 

the pre-K post-test to determine how much of the treatment effect 

disappeared within a year of the intervention. 

Forgetting

We operationalized forgetting as a child answering an item correctly at

the end of the pre-K post-test and then answering it incorrectly at the end of 

kindergarten follow-up assessment. Because item responses were mostly 

open-ended and not multiple choice, naïve guessing is unlikely to yield a 

high rate of correct responses. We also examined moderation effects of item 

difficulty since the intervention may expose students to and help them learn 

more difficult items, but these items may be more prone to forgetting as 

they may not be as intuitive for, or familiar to, young children as some of the

easier items.



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Using logistic regression analysis with coefficients converted into 

marginal probability effects, we regressed whether the item was forgotten on

treatment condition and other covariates to calculate the treatment-control 

group difference in forgetting. We then divided this difference by the fadeout

effect to calculate the proportion of the total fadeout effect due to group 

differences in forgetting.

Because there may be concern about the group differences in the 

number of items answered correctly, we further examined the role of 

forgetting in fadeout by checking whether the difference in forgetting across 

the two groups was due to the treatment group answering more questions 

correctly at the end of pre-K and thus having more knowledge to forget than 

the control group. To do this, we controlled for the number of questions that 

the student answered correctly at the end of pre-K post-test as a robustness 

check. Additionally, because students cannot forget items that they did not 

previously know, we restricted the analysis sample to only those cases 

(child-item combinations) that the child answered correctly at the end of the 

pre-K post-test, and reran the regression. By restricting the sample to only 

child-item combinations where children in all groups answered 100% of 

these items correctly, we can test whether children in the treatment group 

were more likely to forget items because they know more at the end of the 

treatment.

To investigate differences in the types of items that were being 

forgotten, we tested whether this difference was moderated by item 
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difficulty. Perhaps students may be more prone to forgetting difficult items 

that may not be as intuitive as easier items for young children. Also, we 

wanted to explore whether the group differences in forgetting may be 

affected by the learning environment in the year following the intervention, 

particularly the effects of having a sustaining environment intended to build 

on the learning produced by the intervention. To determine whether a 

sustaining environment might reinforce children’s prior learning and mitigate

the group differences in forgetting due to the treatment group’s greater 

amount of recently acquired knowledge, we examined whether there was a 

difference in the proportion of the fadeout effect due to forgetting between 

the Building Blocks-NFT treatment vs. control groups and the Building Blocks-

FT (Building Blocks plus sustaining environment treatment) vs. control 

groups.

Transfer of Learning

This study also investigated whether persistence of the treatment 

effect could be explained by transfer of learning. As noted above, transfer 

refers to effects that are not immediately realized after the period of the 

intervention through helping students learn more difficult items after the 

intervention has ended. We could not simply test which group learned more 

in the period following the intervention; the existence of fadeout implies that 

the control group acquired the most knowledge during this time, hence the 

“catch-up” explanation usually given for the occurrence of fadeout. The 

treatment groups had less of an opportunity to learn easier items between 
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the end of the intervention and the follow-up assessment, because they were

more likely to know the answers to these items at the end of the 

intervention. 

To test whether persistence of the treatment effect can be explained 

by transfer, we wanted to test whether there were any group differences in 

learning new items. We operationalized transfer as a student’s ability to 

correctly answer a test item that no child in any group or few children in any 

group answered correctly at the pre-test or post-test. This required us to 

restrict our analysis to the more difficult items that few or no students 

answered correctly to make sure that we were not including items that were 

already previously learned so as not to bias our estimates, because children 

cannot learn something they already know. Thus, we used a range of subsets

of questions in which anywhere between 0% of students in any group 

answered correctly at the end of pre-K and less than 50% of students in any 

group answered correctly at the end of pre-K, controlling for whether the 

child previously answered the question correctly. This range was chosen 

because while increasing this range would allow us to capture a larger 

subsample of items, the inclusion of easier items would negatively bias 

estimates of transfer, due to the “catching-up” of the control group. We used

a range of different cutoffs with the goal of checking the robustness of our 

estimate of group differences in transfer to the inclusion of different types of 

difficult items. 
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For each of these subsets, we estimated the difference in transfer of 

learning between the treatment and control groups by running logistic 

regressions of whether an item was answered correctly at the end of 

kindergarten and the treatment condition and utilizing marginal effects 

centered at the means of the covariates to estimate the effect of the 

treatment on the likelihood of answering an item at the end of kindergarten 

follow-up assessment for these different subsets of items. To look at whether

there were differences in the types of items where transfer of learning was 

observed, we tested whether this difference was moderated by item 

difficulty. Given we are already using only a subset of the more difficult items

where transfer of learning may be occurring, perhaps students may show 

less transfer of learning on the most difficult items, as harder items are less 

likely to be answered correctly.

Modeling Specifications

All models were estimated in STATA 13, using logistic regression 

analysis. Because we performed item-level analyses, the items were 

clustered within individual students as each child was associated with 

multiple items. This may bias the standard error estimates due to non-

independence, so all of the standard errors in our models were estimated 

using adjustments to account for child-level clustering using robust clustered

standard errors.

Results

Treatment Effects 
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We first examined whether random assignment procedures produced 

baseline equivalence across the three groups. F-tests shown in the final 

column of Table 1 show that that was indeed the case. Estimates of basic 

intervention impacts at the end of the pre-K year are shown in the first 

column of Table 2. When compared with the control group, the average 

differences in the probabilities of answering a given math achievement item 

at the end of pre-K were .042 (p < .001) for students who would 

subsequently be assigned to Follow-Through condition teachers and .039 (p 

< .001) for student who would be assigned to regular kindergarten and first-

grade classrooms. In other words, on average, an item on the REMA was 

about 4 percentage points more likely to be answered correctly by a student 

who had just finished a year in a treatment classroom than by a student just 

finishing a year in a control group classroom. Yet another way to interpret 

this effect is that students in the treatment group scored an average of 3.9 

percentage points higher on math achievement than students in the control 

group. Although this effect may seem small, it is important to consider that 

none of the three groups had an average proportion of questions answered 

correctly at the end of pre-K above 0.25 (Table 1) and that dividing by the 

standard deviation of math achievement for the control group at the end of 

pre-K (.11), the effect size is equivalent to .37 standard deviations of math 

achievement for the control group at the end of pre-K (Figure 1). Although 

the more familiar effect for the REMA is about .72 standard deviations 

(Clements et al., 2013), our item-level analysis differs from prior analyses of 
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REMA’s Rasch scores. The second and third columns of Table 2 show that 

while correct answers were much less likely for difficult than easier items, 

treatment impacts did not differ significantly by question difficulty. 

By the end of kindergarten, and in the absence of assignment to the 

Follow-Through condition, the treatment effect decreased to .016 (β = .016, 

p = .042), which was 40% of the initial intervention effect (first column of 

Table 3 and Figure 1). This means that a year following the intervention, a 

student who was initially in the treatment group in pre-K was only 1.6 

percentage points more likely to answer an item on the REMA correctly than 

a student in the control group. This translates to an effect size of .15 

standard deviations of math achievement for children in the control group at 

the end of pre-K.

Impact estimates also declined for the Building Blocks-FT children, who

received both the pre-K intervention and a sustaining environment in the 

year following, but to a smaller degree than for children in the NFT group 

(first column of Table 3 and Figure 1) – from 4.2 percentage points to 2.1 

percentage points. These are equivalent to a decline from .40 to .20 

standard deviations of math achievement. These patterns are consistent 

with those found in the Clements et al. (2013) analysis of aggregated math 

scores. As shown in the second and third columns of Table 3, impact 

estimates did not vary systematically with question difficulty.

Fadeout/Persistence of Effects
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We calculated the size of the fadeout effect from pre-K to kindergarten 

for the Building Blocks-NFT group by subtracting the remaining treatment 

effect at the end of kindergarten from Table 3 (β = .016) from the initial 

treatment effect from the end of pre-K from Table 2 (β = .039), yielding an 

estimated fadeout effect size of .024. Dividing the size of the fadeout effect 

(.024) by the initial treatment effect at the end of pre-K (β = .039) indicates 

that about 60% of the treatment effect dissipated a year after the 

intervention for the Building Blocks-NFT. 

The fadeout effect for the Building Blocks-FT group was slightly smaller

than that of the Building Blocks-NFT group. Subtracting the remaining 

treatment effect at the end of kindergarten from Table 3 (β = .021) from the 

initial treatment effect from the end of pre-K from Table 2 (β = .042) 

produced an estimated fadeout effect size of .021. Dividing the size of the 

fadeout effect (.021) by the initial treatment effect at the end of pre-K (β = .

042) indicated that about 50% of the treatment effect dissipated a year after

the intervention for Building Blocks-FT group. 

A visual representation of the different effect sizes by item difficulty 

seems to support the hypothesis that most of the fadeout is due to catch-up 

of the control group on easier items (Figures 2 and 3). These plots are 

generated using lowess, a locally weighted scatterplot smoothing function, in

STATA. The largest fadeout effects occurred for the easier items, where the 

control group may partially or fully catch-up to the treatment group. This is 

indicated by the almost overlapping treatment and fadeout effect curves for 
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the items with lower difficulty levels. The smaller proportion of fadeout 

compared with the initial treatment effect for the Building Blocks-FT group is 

indicated by the slightly larger gap between the initial treatment effect and 

the fadeout effect in Figure 3 compared with the gap between the initial 

treatment effect and the fadeout effect in Figure 2. More detailed plots of the

comparison of these effects sizes by item difficulty are provided in the 

appendix (Appendix, Figures S1-S2).

Forgetting

As described above, we operationalized forgetting as a child answering

an item correctly at the end of the pre-K post-test but incorrectly at the end 

of kindergarten follow-up assessment. Table 4 shows a .0064 treatment-

control group difference in forgetting (β = .006, p < .001). This indicates 

that, on average, the treatment group was .64 percentage points more likely 

to forget an item than the control group. Dividing the group differences in 

forgetting between the treatment and control groups (.006) by the fadeout 

effect (.024) shows that the group difference in forgetting was 27% of the 

size of the fadeout effect of Building Blocks from the end of pre-K to 

kindergarten. Students were more likely to forget more difficult items than 

easier items (Figure 2). In particular, students who received the treatment 

forgot fewer of the easiest items than students who did not receive the 

intervention, but forgot relatively more of the more difficult items but not the

most difficult items as shown by the curvilinear relationships between 

forgetting and item difficulty.
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In the case of the Building Blocks-FT group (Table 4), there was a .0049

Building Blocks-FT-control group difference in forgetting (β = .005, p < .001).

This indicates that, on average, the treatment group was .49 percentage 

points more likely to forget an item than the control group. We then divided 

the group differences in forgetting between the follow-through and control 

groups (.005) by the fadeout effect (.021), finding that the group differences 

in forgetting account for 23% of the size of the fadeout effect. Figure 3 

provides a summary of the trend in the differences in forgetting between the

follow-through and the control groups. While most of the fadeout of the 

treatment effect occurred over the easier items, students seemed to be 

forgetting more difficult items, but not the most difficult items.

Comparing the forgetting effects for the Building Blocks-FT group to 

those of the Building Blocks-NFT treatment group to determine whether 

there was a mitigating effect of having a sustaining environment on 

forgetting, the Building Blocks-FT group appears to have forgotten fewer 

items a year after the pre-K intervention than the Building Blocks-NFT 

treatment group (Table 4). However, while both effects were statistically 

significant (Table 4), they were not statistically significantly different from 

each other (χ2(1) = 1.83, p = 0.18). Still, the magnitude of the size of the 

group differences in forgetting between the Building Blocks-FT and the 

control groups were about half the size of that between the Building Blocks-

NFT and control groups. A visual comparison of the forgetting curve in Figure

2 to that in Figure 3 also suggested a mitigating effect of the sustaining 
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environment as Figure 3 has a flatter forgetting curve. This indicates that for 

the items in which many of the Building Blocks treatment group forgot, these

items were forgotten less by students in the follow-through group. These 

analyses provided limited evidence for a mitigating effect of having a 

sustaining environment after an intervention on forgetting, although the 

study was not well-powered to detect such a difference.

Transfer of Learning

We estimated end of kindergarten treatment effects on subsets of 

difficult items, ranging from those that no student in any group answered 

correctly at the end of pre-K to those that less than 50% of students from 

each group answered correctly at the end of pre-K. We present a 

representative set of results, based on the subset of questions in which less 

than 10% of students from any treatment group answered correctly at the 

end of pre-K in Table 5, and present the results for all other subsets of items 

we considered in the appendix (Appendix B, Tables T1-T5).

After controlling for whether the item was answered correctly by the 

student, treatment and control group differences in the probability of 

answering this subset of mathematics question at the end of kindergarten 

was estimated to be .004 (p = .57; Table 5). Even among this subset of items

rarely answered correctly at the end of pre-K, students were less likely to 

have learned more the most difficult items, although the degree of transfer 

was not significantly different by item difficulty. 
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Although this difference in transfer of learning does not appear to be 

very large, dividing by the remaining treatment effect at the end of 

kindergarten from Table 3 (β = .016) indicates that transfer of learning 

accounts for approximately 23% of the remaining treatment effect a year 

after the intervention. However, comparing the effect on transfer to the 

initial treatment of the Building Blocks intervention in Table 2 (β = .039), the 

ratio of transfer to the initial intervention impact is small (approximately 

9%), as shown in Figure 1. 

In the follow-through group, there is a difference of .006 (p = .317) 

between the Building Blocks-FT and control groups of answering a 

mathematics question at the end of kindergarten that less than 10% of 

students from each group answered correctly at the end of pre-K, and 

students are less likely to learn more difficult items (Table 5). Dividing this 

effect by the remaining treatment effect at the end of kindergarten from 

Table 3 (β = .021, p = .007) indicates that learning new difficult items 

accounts for approximately 30% of the remaining treatment effect a year 

after the intervention. However, comparing the effect on new learning to the 

initial treatment of the Building Blocks intervention in Table 2 (β = .042, p <

.001), the ratio of learning new items to the initial intervention impacts is 

only about 15% (Figure 1). For the Building Blocks-FT group, we cannot 

attribute an impact on learning more difficult items to transfer alone, as the 

new learning effect is a combination of learning new items due to the follow-

through treatment and transfer of learning. 
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Comparing the transfer effects for the follow-through group to those of 

the Building Blocks-NFT treatment group, the Building Blocks-FT group are 

estimated to have learned more new items in the year following the 

intervention than the Building Blocks-NFT group (Table 5). However, these 

effects were not statistically significantly different from 0 (Table 5) and were 

not statistically significantly different from each other (χ2(1) = 0.21, p = 

0.64). 

Robustness checks using different subsets of items, ranging from those

that no student in any group answered correctly at the end of pre-K to those 

that less than 50% of students from each group answered correctly at the 

end of pre-K, shown in the appendix (Appendix B, Tables T1-T5) show similar 

results. Transfer effects for the Building Blocks-NFT intervention group range 

from 0.004 to 0.005 and transfer and learning of new material effects for the 

follow-through group range from 0.004 to 0.011. None of these effects were 

statistically significant, so the estimates are consistent with both the null 

hypothesis and the hypothesis that the intervention facilitates transfer in the

year following the intervention for students and that the follow-through 

condition somewhat increases children’s learning of new items. 

Discussion

We estimated the contributions of forgetting and transfer of learning to

the fadeout and persistence of the effects of an early childhood mathematics

intervention using item-level analyses. Although students from all 

experimental conditions showed overall growth in their math achievement 
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from the end of pre-K to the end of kindergarten, students from the 

treatment groups were more likely to forget previously learned math 

knowledge during this period. This is consistent with the idea that the 

mathematics knowledge of students who received the intervention may be 

more fragile due to learning a lot of material quickly in a relatively short 

period of time. 

The one-year length of the Building Blocks intervention is short when 

compared with the number of years students spend in school. Also, students 

who received the intervention received much more information concentrated

within that preschool year than students who did not receive the 

intervention. Perhaps as a result, students who received the Building Blocks 

intervention forgot more math items in the year following the intervention 

than students who did not receive the intervention, even after controlling for 

the number of questions they had previously answered correctly. Group 

difference in forgetting accounted for a small but significant proportion of the

fadeout effect, only about 23% of the overall fadeout of the intervention 

effects, while the rest of the fadeout was mostly attributable to catch-up by 

the control group.

The skills gained from Building Blocks may have supported transfer of 

learning and learning of more new difficult items in the year following the 

intervention. Differences in transfer of learning between students who 

received the Building Blocks intervention and students who did not receive 

the intervention were not statistically significant. The magnitude of the effect
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size was about a quarter of the size of the remaining treatment effect a year 

following the intervention, but was almost exactly offset by the treatment-

control differences in forgetting. This suggests that the intervention may 

have helped students learn more material in the years following the 

intervention, but this effect is relatively small, which is consistent with the 

idea that younger children may have more difficulty integrating facts 

(especially given the routine mathematics curricula and teaching that 

constitute most U.S. kindergarten classes) and transferring learning to new 

types of problems in the period following the treatment.

Limitations and Future Directions

Comparisons between the Building Blocks-NFT and Building Blocks-FT 

groups found differences in forgetting and promoting new learning favoring 

the Building Blocks-FT group, but neither was statistically significant, and the

patterns of effects relative to the control group were similar for both groups. 

These findings are consistent with previous studies of the effects of the 

TRIAD intervention’s follow-through condition (Sarama & Clements, 2015). 

Unfortunately, the current study could not estimate group differences due to 

transfer of learning on easier items, as performance on easier items was 

likely affected both by catch-up in the control group and transfer of learning 

in both groups. This limited our study to only looking at the effects of 

differences in the transfer of learning on more difficult items that only a 

small percentage of students answered correctly at the end of pre-K. 

However, robustness checks indicate that these effects were generally 
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consistent across the different subsets of difficult items used in analyzing the

effect of transfer (Appendix B, Tables T1-T5).

A more precise estimate of the contribution of transfer of learning to 

impact persistence might have been possible for an intervention with a 

larger follow-up treatment effect. But since treatment effects in the TRIAD 

intervention were quite large compared with typical post-test and one-year 

follow-up treatment effects in early childhood studies (Li et al., 2017), this 

may be difficult to obtain. Still, while the difference in the transfer of learning

between students who received the intervention and those who did not was 

not statistically significant, we did get some sense of its magnitude relative 

to other important effects. The difference was large enough to explain about 

a quarter of the remaining treatment effect in the year following the 

intervention, yet it was approximately the same size as the treatment-

control difference in forgetting. Thus, for interventionists, our findings 

pertaining to transfer are both pessimistic and optimistic. These mixed 

interpretations, along with the imprecision of our estimates, indicate a need 

for more research into not only the effects of transfer of learning from 

interventions but also the types of knowledge that contribute to the 

remaining intervention effects. A limitation of this study is that we only 

studied the effects of a pre-K intervention. These results may not generalize 

to different grade levels, as students in higher grade levels may be better 

able to show transfer effects due to being better able to integrate facts 

(Bauer & Larkina, 2016; Bauer & San Souci, 2010).
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A potential moderator is the type of intervention examined. Because 

most studies do not utilize item-level analyses, we can only speculate about 

the generalizability of these results to other kinds of interventions. There are 

some reasons to hypothesize that these findings would hold for other kinds 

of interventions targeting children around the same age. First, in meta-

analyses of the impacts of early childhood interventions, declining treatment 

impacts are found for different types of outcome measures (e.g., tests of 

achievement in different domains, tests of fluid intelligence; Li et al., 2017; 

Protzko, 2015), so fadeout is not a phenomenon unique to only early 

mathematics interventions. Additionally, factors that might lead one to 

predict that forgetting would be a significant problem, such as teaching 

children information in a very short time or in a way devoid of meaning do 

not appear to be at high levels in this study. The Building Blocks curriculum, 

that lasted an entire school year, was theoretically informed by children’s 

learning trajectories, and the instruction was designed to build on what 

children already know (Clements & Sarama, 2011; Clements et al., 2011; 

Clements et al., 2013). However, whether these effects would generalize 

over to other interventions, contexts, topic/content areas, and children is still

an empirical question that warrants further investigation.

In addition, the math achievement test used in the study (REMA) was 

somewhat aligned with the Building Blocks curriculum. An advantage of this 

is that growth in the treatment groups during the treatment interval are 

likely attributable in great part to the curriculum. However, the extent to 
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which forgetting and transfer findings might generalize to different tests is 

not clear: The magnitude of the transfer effect in the post-treatment period 

may be smaller on other tests (if the testing material is even more distal to 

the curriculum), but it may be a higher percentage of the initial treatment 

effect (which may be smaller on a test less aligned with the curriculum). 

Forgetting could be less likely on other tests if the distal material is not 

directly taught in the treatment curriculum, but it is not clear whether or how

the magnitude of the forgetting effect as a fraction of the initial treatment 

effect would differ. These hypotheses are speculative and are important to 

address in future research.

Another limitation was the lack of power to detect statistically 

significant effects. While the initial treatment effects are highly statistically 

significant, the remaining treatment effects in the year following the 

intervention are smaller; given that forgetting effects are likely to be smaller 

than the total fadeout effect and that transfer effects are likely to be smaller 

than the treatment effect at the follow-up interval, our estimates are likely to

be noisy. The transfer analyses are based on fewer items (only the difficult 

ones), so estimates are less precise and are not significantly different from 

zero. Although the data allow for examining whether there were differential 

intervention impacts by math domain, we were unable to do so as the study 

was underpowered to detect the overall transfer and forgetting effects. 

Further research may determine whether intervention impacts and 

differences in forgetting and transfer of learning may differ by math domain.
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Here we speculate about the implications of our emerging 

understanding of fadeout and persistence for educational practice. In the 

short-term, a deeper understanding of these phenomena and their boundary 

conditions would be valuable. In the intermediate term, possible outcomes 

that may lead to greater treatment effect persistence include larger initial 

intervention effects, mitigating forgetting of learned material and improving 

the potential for transfer in the years following the intervention by increasing

the alignment between pre-k and kindergarten mathematics curricula and 

teaching (Bailey, Duncan, Odgers, & Yu, 2017; Bobis, 2011; Stipek, Franke, 

Clements, Farran, & Coburn, 2017). Additionally, designers of early 

interventions might make more use of insights from cognitive science on 

how to mitigate forgetting, such as ideally spaced retrieval practice (Cepeda,

Vul, Rohrer, Wixted, & Pashler, 2008) and interleaving problems of different 

types to give children practice in selecting the correct strategy for solving 

varied problems (Braithwaite, Pyke, & Siegler, 2017; Patel, Liu, & Koedinger, 

Rohrer & Taylor, 2007). Finally, to the extent that transfer of learning is 

unlikely to be affected by interventions in the very long term, identifying and

targeting skills that children are not likely to learn in the absence of 

intervention may be a useful approach.

The present study suggests that delving into the causes of fadeout and

persistence of the effects of early childhood interventions might provide 

useful information. Further studies using item-level analyses may help 

identify other contributing factors or even give a better idea of the processes
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that are occurring to help explain fadeout and promote persistence of 

effects.



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

References

Bailey, D. H., Nguyen, T., Jenkins, J. M., Domina, T., Clements, D. H., & 

Sarama, J. S. (2016). Fadeout in an early mathematics intervention: 

Constraining content or pre-existing differences? Developmental 

Psychology, 52, 1457-1469.

Bailey, D. H., Duncan, G., Odgers, C., & Yu, W. (2017). Persistence and 

fadeout in the impacts of child and adolescent interventions. Journal of

Research on Educational Effectiveness, 10, 7-39.

Bailey, D. H., Duncan, G. J., Watts, T., Clements, D., & Sarama, J. (2018). 

Risky business: Correlation and causation in longitudinal studies of skill

development. American Psychologist, 73, 81-94.

Bailey, D. H., Watts, T. W., Littlefield, A. K., & Geary, D. C. (2014). State and 

trait effects on individual differences in children’s mathematical 

development. Psychological Science, 25(11), 2017-2026. doi: 

10.1177/0956797614547539

Barnett, W. S. (2011). Effectiveness of early educational intervention. 

Science, 333(6045), 975-978.

Baroody, A. J. (1987). The development of counting strategies for single-digit 

addition. Journal for Research in Mathematics Education, 141-157.

Bauer, P. J., & Larkina, M. (2016). Realizing relevance: The influence of 

domain-specific information on generation of new knowledge through 

integration in 4- to 8-year-old children. Child Development. doi: 

10.1111/cdev.12584

40



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Bauer, P. J., & San Souci, P. (2010). Going beyond the facts: Young children 

extend knowledge by integrating episodes. Journal of Experimental 

Child Psychology, 107(4), 452-465. doi: 10.1016/j.jecp.2010.05.012

Bjork, R. A. (2011). On the symbiosis of learning, remembering, and 

forgetting.  In A. S. Benjamin (Ed.), Successful Remembering and 

Successful Forgetting: a Festschrift in honor of Robert A. Bjork (pp. 1-

22). London, UK: Psychology Press.

Bobis, J. M. (2011). Mechanisms affecting the sustainability and scale-up of a 

system-wide numeracy reform. Mathematics Teacher Education and 

Development, 13(1), 34-53. 

Bodovski, K., & Farkas, G. (2007). Mathematics growth in early elementary 

school: The roles of beginning knowledge, student engagement, and 

instruction. Elementary School Journal, 108, 115-130. doi: 

10.1086/525550

Braithwaite, D. W., Pyke, A. A., & Siegler, R. S. (2017). A computational 

model of fraction arithmetic. Psychological review, 124(5), 603-625.

Bryant, D. P., Bryant, B. R., Gersten, R., Scammacca, N., & Chavez, M. M. 

(2008). Mathematics intervention for first-and second-grade students 

with mathematics difficulties-The effects of Tier 2 intervention 

delivered as booster lessons. Remedial and Special Education, 29(1), 

20-32. doi: 10.1177/0741932507309712

41



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Claessens, A., Engel, M., & Curran, F. C. (2013). Academic content, student 

learning, and the persistence of preschool effects. American 

Educational Research Journal. doi:10.3102/0002831213513634

Cepeda, N. J., Vul, E., Rohrer, D., Wixted, J. T., & Pashler, H. (2008). Spacing 

effects in learning: A temporal ridgeline of optimal 

retention. Psychological Science, 19(11), 1095-1102.

Clarke, D. M., & Clarke, B. A. (2004). Mathematics teaching in K-2: Painting a 

picture of challenging, supportive and effective classrooms. In R. 

Rubenstein & G. Bright (Eds.), Perspectives on teaching mathematics: 

66th yearbook (pp. 67–81). Reston, VA: National Council of Teachers of

Mathematics.

Clements, D. H., & Sarama, J. (2007a). Effects of a preschool mathematics 

curriculum: Summative research on the Building Blocks project. Journal

for Research in Mathematics Education, 38, 136-163.

Clements, D. H., & Sarama, J. (2007b). Early childhood mathematics learning.

In F. K. Lester Jr. (Ed.), Second handbook of research on mathematics 

teaching and learning (pp. 461–555). New York: Information Age.

Clements, D.H., & Sarama, J. (2008). Experimental evaluation of the effects 

of a research-based preschool mathematics curriculum. American 

Educational Research Journal, 45(2), 443-494. doi: 

10.3102/0002831207312908

Clements, D.H., & Sarama, J. (2011). Early childhood mathematics 

intervention. Science, 333, 968-970. doi: 10.1126/science.1204537

42



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Clements, D. H., Sarama, J., & Liu, X. (2008). Development of a measure of 

early mathematics achievement using the Rasch model: The Research-

based Early Mathematics Assessment. Educational Psychology, 28(4), 

457-482. doi: 10.1080/01443410701777272

Clements, D. H., Sarama, J., Spitler, M. E., Lange, A. A., & Wolfe, C. B. (2011).

Mathematics learned by young children in an intervention based on 

learning trajectories: A large-scale cluster randomized trial. Journal for 

Research in Mathematics Education, 42(2), 127-166. doi: 

10.5951/jresematheduc.42.2.0127

Clements, D. H., Sarama, J., Wolfe, C. B., & Spitler, M. E. (2013). Longitudinal 

evaluation of a scale-up model for teaching mathematics with 

trajectories and technologies: Persistence of effects in the third year. 

American Educational Research Journal, 50(4), 812-850. doi: 

10.3102/0002831212469270

Coburn, C. E. (2003). Rethinking scale: Moving beyond numbers to deep and 

lasting change. Educational Researcher, 32(6), 3–12.

Dyson, N. I., Jordan, N. C., & Glutting, J. (2013). A number sense intervention 

for low-income kindergartners at risk for mathematics difficulties. 

Journal of Learning Disabilities, 46(2), 166-181. doi: 

10.1177/0022219411410233

Engel, M., Claessens, A., & Finch, M. (2014). Teaching students what they 

already know? The misalignment between mathematics instructional 

43



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

content and student knowledge in kindergarten. Educational 

Evaluation and Policy Analysis. doi: 10.3102/0162373712461850

Fraivillig, J. L., Murphy, L. A., & Fuson, K. C. (1999). Advancing children’s 

mathematical thinking in everyday mathematics classrooms. Journal 

for Research in Mathematics Education, 30, 148–170.

Fryer, R. G., & Levitt, S. D. (2006). The Black-White test score gap through 

third grade. American Law and Economics Review, 8(2), 249-281. 

doi: 10.1093/aler/ahl003

Fuchs, L. S., Geary, D. C., Compton, D. L., Fuchs, D., Schatschneider, C., 

Hamlett, C. L., Changas, P. (2013). Effects of first-grade number 

knowledge tutoring with contrasting forms of practice. Journal of 

Educational Psychology, 105(1), 58-77. doi:10.1037/a0030127

Galván Carlan, V. (2000). Development of an instrument to assess the use of

developmentally appropriate practices in teaching mathematics in 

early childhood classrooms. Unpublished doctoral dissertation, 

University of Houston.

Horizon Research. (2001). Classroom observation protocol. Chapel Hill, NC: 

Author.

Jenkins, J. M., Watts, T. W., Magnuson, K., Clements, D., Sarama, J., Wolfe, C.,

& Spitler, M. (2015). Preventing preschool fadeout through 

instructional intervention in kindergarten and first grade. Graduate 

School of Education, University of California, Irvine. UCI SoE Working 

Paper.

44



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Jordan, N. C., Kaplan, D., Locuniak, M. N., & Ramineni, C. (2007). Predicting 

first‐grade math achievement from developmental number sense 

trajectories. Learning Disabilities Research & Practice, 22(1), 36-46.

Lee, V. E., & Burkham, D. T. (2002). Inequality at the starting gate: Social 

background differences in achievement as children begin school. 

Washington, DC: Economic Policy Institute.

Lemaire, P., & Siegler, R. S. (1995). Four aspects of strategic change: 

contributions to children's learning of multiplication. Journal of 

Experimental Psychology: General, 124(1), 83-97.

Li, W., Duncan, G. J., Magnuson, K., Schindler, H. S., Yoshikawa, H., & Leak, J. 

(2017). Timing in early childhood education: How cognitive and 

achievement program impacts vary by starting age, program duration, 

and time since the end of the program. Graduate School of Education, 

University of California, Irvine. UCI SoE Working Paper.

McGeoch, J. A. (1932). Forgetting and the law of disuse. Psychological 

Review, 39(4), 352.

Miller, R. R., & Matzel, L. D. (2000). Reconsolidation: Memory involves far 

more than 'consolidation'. Nature Reviews Neuroscience, 1(3), 214-

216.

Patel, R., Liu, R., & Koedinger, K. (2016). When to block versus interleave 

practice? Evidence against teaching fraction addition before fraction 

multiplication. In A. Papafragou, D. Grodner, D. Mirman, & J. C. 

Trueswell (Eds.), Proceedings of the 38th Annual Conference of the 

45



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Cognitive Science Society (pp. 2069–2074). Austin, TX: Cognitive 

Science Society.

Perkins, D. N., & Salomon, G. (1992). Transfer of Learning. International 

Encyclopedia of Education, 2, 6452-6457.

Protzko, J. (2015). The environment in raising early intelligence: A meta-

analysis of the fadeout effect. Intelligence, 53, 202-210.

Puma, M., Bell, S., Cook, R., Heid, C., Shapiro, G., Broene, P., Jenkins, F., 

Fletcher, P., Quinn, L., Friedman, J., & Ciarico, J. (2010). Head Start 

Impact Study. Final Report. Administration for Children & Families.

Reardon, S. F. (2011). The widening socioeconomic status achievement gap: 

New evidence and possible explanations. In R. J. Murnane & G. J. 

Duncan (Eds.), Whither Opportunity? Rising Inequality and the 

Uncertain Life Chances of Low-Income Children. New York: Russell 

Sage Foundation.

Rohrer, D., & Taylor, K. (2007). The shuffling of mathematics problems 

improves learning. Instructional Science, 35(6), 481–498. 

http://doi.org/10.1007/s11251-007-9015-8

Sarama, J., & Clements, D. H. (2015). Scaling up early mathematics 

interventions: Transitioning with trajectories and technologies. In B. 

Perry, A. MacDonald, & A. Gervasoni (Eds.), Mathematics and transition

to school (pp. 153-169). Singapore: Springer.

Sarama, J., Clements, D. H., Wolfe, C. B., & Spitler, M. E. (2012). Longitudinal 

evaluation of a scale-up model for teaching mathematics with 

46



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

trajectories and technologies. Journal of Research on Educational 

Effectiveness, 5(2), 105-135. doi: 10.1080119345747.2011,627980

Smith, T. M., Cobb, P., Farran, D. C., Cordray, D. S., & Munter, C. (2013). 

Evaluating Math Recovery Assessing the Causal Impact of a Diagnostic 

Tutoring Program on Student Achievement. American Educational 

Research Journal, 50(2), 397-428. doi:10.3102/0002831212469045

Starkey, P., Klein, A., & Wakeley, A. (2004). Enhancing young children’s 

mathematical knowledge through a pre-kindergarten mathematics 

intervention. Early Childhood Research Quarterly, 19(1), 99-120. doi: 

10.1016/j.ecresq.2004.01.002

Stipek, D., Franke, M. L., Clements, D. H., Farran, D. C., & Coburn, C. E. 

(2017). PK-3: What does it mean for instruction? Social Policy Report, 

30(2), 1-22. 

Teaching Strategies. (2001). A checklist for assessing your program’s 

implementation of the Creative Curriculum for early childhood (3rd 

ed.). Washington, DC: Author.

Thorndike, E. L. (1914). Communications and discussion. Repetition versus 

recall in memorizing vocabularies; The effect of continuous exercise 

and of rest upon difficult mental multiplication. Journal of Educational 

Psychology, 5(10), 596.

Wixted, J. T. (2004). The psychology and neuroscience of forgetting. Annual 

Review of Psychology, 55, 235-269. doi: 

10.1146/annurev.psych.55.090902.141555

47



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Tables and Figures

48



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Table 1
Individual-Level Descriptive Statistics

Treatment 
(N=484)

Follow-
Through
(N=495)

Control 
(N=396)

 Mean SD  Mean SD  
Mea
n SD  

F-test
(p-

value)
Average Proportion of 
Assessment Questions 
Answered Correctly

Beginning of preK (pretest) .0884
.
0654 .0896 .0768

.
0947

.
066
5

0.357
0

End of preK (posttest) .2449
.
1066 .2479 .1053

.
2107

.
105
6

0.000
0

End of K (follow-up) .4108
.
1255 .4152 .1311

.
3967

.
126
6

0.111
4

Demographic Variables

Limited English Proficiency 0.12 0.33 0.14 0.34 0.22 0.41
0.512
8

Free/Reduced Lunch (School 
Level) 0.82 0.38 0.82 0.38 0.88 0.32

0.373
1

Special Education 0.17 0.38 0.17 0.38 0.16 0.37
0.874
3

Age in Pre-K (Fall) 4.33 0.35 4.31 0.35 4.39 0.35
0.382
0

Ethnicity
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Black 0.52 0.59 0.48
0.767
1

Hispanic 0.20 0.19 0.27
0.761
8

White 0.25 0.14 0.17
0.621
3

Other 0.04 0.08 0.08
0.306
9

Male 0.50 0.48 0.50
0.660
7

Mother's Education

No High School 0.13 0.12 0.14
0.844
5

High School 0.29 0.3 0.29
0.994
5

Some College 0.36 0.34 0.31
0.578
2

College/Higher 0.14 0.18 0.19
0.584
2

Note. We had to drop some observations due to some students missing information on their 
math assessment scores, but this represented only a small proportion of our sample. 
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Table 2
The Effect of Building Blocks Intervention Treatment on Students’ Math Achievement by Item Difficulty 
(end of preK)

(1) (2) (3)
Building Blocks-NFT Group .0390*** .0212*** .0210***

(.0068) (.0038) (.0066)
Building Blocks-FT Group .0419*** .0227*** .0252***

(.0066) (.0037) (.0066)
Question Difficulty -.5175*** -.5201***

(.0196) (.0212)
Building Blocks-NFT * Difficulty -.0012

(.0176)
Building Blocks-FT * Difficulty .0102

(.0176)
N 170698 170698 170698
Pseudo R2 .002 .520 .520
Note. Analyses were done on item-level data, so each observation is a child-item combination, hence 
why the N is much larger than the number of students in the dataset. Coefficients are probabilities 
predicted from logistic regression marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child to account for the non-
independence of observations for any given child. 
* p<0.05   ** p<0.01   *** p<0.001

51



ROLES OF TRANSFER OF LEARNING AND FORGETTING IN PERSISTENCE AND FADEOUT

Table 3
The Remaining Effect of Building Blocks Intervention at the end of Kindergarten on Students’ Math 
Achievement by Item Difficulty 

(1) (2) (3)
Building Blocks-NFT Group .0155* .0301* .0302

(.0076) (.0149) (.0179)
Building Blocks-FT Group .0208** .0406** .0436*

(.0077) (.0151) (.0181)
Question Difficulty -1.9091*** -1.9191***

(.0313) (.0451)
Building Blocks-NFT * Difficulty -.0008

(.0580)
Building Blocks-FT * Difficulty .0296

(.0573)
N 160933 160933 160933
Pseudo R2 .000 .551 .551
Note. Analyses were done on item-level data, so each observation is a child-item combination, hence 
why the N is much larger than the number of students in the dataset. Coefficients are probabilities 
predicted from logistic regression marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child to account for the non-
independence of observations for any given child.
* p<0.05   ** p<0.01   *** p<0.001
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Table 4
The Effect of Building Blocks Intervention Treatment on Forgetting Math Knowledge by Item Difficulty

Overall Items Items Correct in preK (Models 2-4)
(1) (2) (3) (4)

Building Blocks-NFT Group .0064*** .0130** .0029 .0030
(.0012) (.0047) (.0044) (.0111)

Building Blocks-FT Group .0049*** .0058 -.0046 -.0152
(.0013) (.0049) (.0047) (.0111)

Question Difficulty .3893*** .4073***
(.0146) (.0297)

Building Blocks-NFT * Difficulty .0015**
(.0363)

Building Blocks-FT * Difficulty -.0477
(.0367)

N 160585 38283 38283 38283
R2 .002 .001 .180 .181
Note. Analyses were done on item-level data, so each observation is a child-item combination, hence 
why the N is much larger than the number of students in the dataset. Coefficients are probabilities 
predicted from logistic regression marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child to account for the non-
independence of observations for any given child.  The regression in Model 1 utilized the overall dataset, 
while the regressions in Models 2-4 utilized only the subset of data in which the item was answered 
correctly in preK.
* p<0.05   ** p<0.01   *** p<0.001
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Table 5
The Effect of Building Blocks Intervention Treatment on Transfer of Math Knowledge by Item Difficulty 
(subset 10% preK correct)

(1) (2) (3) (4)
Building Blocks-NFT Group .0096 .0036 .00625 .0021

(.0074) (.0063) (.0029) (.0027)
Building Blocks-FT Group .0131 .0063 .0039 .0030

(.0075) (.0063) (.0029) (.0027)
Item Answered Correctly in preK .2419*** .0646*** .0644***

(.0091) (.0063) (.0063)
Question Difficulty -.2909*** -.3002***

(.0150) (.0197)
Building Blocks-NFT * Difficulty .0090

(.0189)
Building Blocks-FT * Difficulty .0187

(.0163)
N 90132 88999 88999 88999
Pseudo R2 .001 .051 .281 .281
Note. Coefficients are probabilities predicted from logistic regression marginal effects, with the margins 
estimated at the means of the covariates. Standard errors (in parentheses) were clustered by child to 
account for different variances across different individuals. 
* p<0.05   ** p<0.01   *** p<0.001
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Figure 1
Summary of Treatment, Forgetting, and Transfer of Learning Effects by
Treatment Group (as compared with the Control Group)

Note. The bars are differences in the outcomes between the respective
treatment group and the control group, with 95% confidence intervals 
shown. The left vertical axis shows the units in terms of the pre-K 
control group standard deviation units, while the right vertical axis 
shows the units in terms of probability differences. The last group uses 
only a subset of the data (only items that fewer than 10% of students 
from the end of pre-K had answered correctly from any treatment 
assignment group) and shows transfer of learning for the Building 
Blocks treatment group (Building Block-NFT) and differences in the 
learning of difficult problems between the Building Blocks + Follow 
Through group (Building Blocks-FT) and the control group.
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Figure 2
Differences in Effect Sizes Between Control and Building Blocks-NFT 
Group by Item Difficulty

Note. Figure was created using a lowess smoothing function.

Figure 3
Differences in Effect Sizes Between Control and Building Blocks-FT 
Group by Item Difficulty

Note. Figure was created using a lowess smoothing function.
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Figure S1
Comparison of Effect Sizes Across Control and Building Blocks-NFT Groups by
Item Difficulty
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Figure S2
Comparison of Effect Sizes Across Control and Building Blocks-FT Groups by 
Item Difficulty
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Table F1
The Effect of Building Blocks Intervention Treatment on Forgetting Math Knowledge by Item Difficulty 
Controlling for Total Number of Items Correct at End of pre-K

Overall Items              Items Correct in preK (Models 2-4)
(1) (2) (3) (4)

Building Blocks-NFT Group .0045*** .0149** .0089** .0077
(.0011) (.0047) (.0028) (.0057)

Building Blocks-FT Group .0029* .0078 .0029 -.0065
(.0012) (.0050) (.0030) (.0058)

# Questions Correct at End of preK 
assessment .0005*** -.0007*** -.0034*** -.0034***

(.0000) (.0002) (.0002) (.0002)
Question Difficulty .4169*** .4345***

(.0128) (.0204)
Building Blocks-NFT * Difficulty -.0044

(.0214)
Building Blocks-FT * Difficulty -.0417

(.0224)
N 160585 38283 38283 38283
R2 .010 .002 .238 .238
Note. Analyses were done on item-level data, so each observation is a child-item combination, hence 
why the N is much larger than the number of students in the dataset. Coefficients are probabilities 
predicted from logistic regression marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child to account for the non-
independence of observations for any given child.  The regression in Model 1 utilized the overall dataset, 
while the regressions in Models 2-4 utilized only the subset of data in which the item was answered 
correctly in preK.
* p<0.05   ** p<0.01   *** p<0.001
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Table T1
The Effect of Building Blocks Intervention Treatment on Transferring Math Knowledge by Item Difficulty 
(subset 0% preK correct)

(1) (2) (3)
Building Blocks-NFT Group .0046 .0007 .0006

(.0025) (.0006) (.0003)
Building Blocks-FT Group .0044* .0007 .0007*

(.0019) (.0004) (.0003)
Question Difficulty -.0292*** -.0280***

(.0086) (.0069)
Building Blocks-NFT * Difficulty .0048

(.0036)
Building Blocks-FT * Difficulty .0006

(.0023)
N 28014 28014 28014
Pseudo R2 .001 .600 .602
Note. To estimate transfer of learning, we used a small subset of data (child-item combinations) that only 
contained difficult questions that none of the students in any treatment assignment group answered 
correctly at the end of preK. Coefficients are probabilities predicted from logistic regression marginal 
effects, with the margins estimated at the means of the covariates. Standard errors (in parentheses) were 
clustered by child to account for different variances across different individuals.
* p<0.05   ** p<0.01   *** p<0.001
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Table T2
The Effect of Building Blocks Intervention Treatment on Transferring 
Math Knowledge by Item Difficulty (subset 20% preK correct)

(1) (2) (3) (4)
Building Blocks-NFT Group .0116 .0039 .0033 .0032

(.0084) (.0071) (.0037) (.0037)
Building Blocks-FT Group .0170* .0089 .0061 .0059

(.0085) (.0071) (.0038) (.0037)
Item Answered Correctly 
in preK .3126*** .0759*** .0758***

(.0086) (.0068) (.0068)

Question Difficulty
-.4047**
*

-.4133**
*

(.0174) (.0225)
Building Blocks-NFT * 
Difficulty .0100

(.0214)
Building Blocks-FT * 
Difficulty .0155

(.0196)
N 100033 98830 98830 98830
Pseudo R2 .001 .067 .318 .318
Note. Coefficients are probabilities predicted from logistic regression 
marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child 
to account for different variances across different individuals. 
* p<0.05   ** p<0.01   *** p<0.001
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Table T3
The Effect of Building Blocks Intervention Treatment on Transferring 
Math Knowledge by Item Difficulty (subset 30% preK correct)

(1) (2) (3) (4)
Building Blocks-NFT Group .0136 .0051 .0047 .0048

(.0086) (.0073) (.0043) (.0044)
Building Blocks-FT Group .0201* .0112 .0085 .0085

(.0087) (.0073) (.0044) (.0044)
Item Answered Correctly 
in preK .3206*** .0754*** .0753***

(.0076) (.0064) (.0063)

Question Difficulty
-.4775**
*

-.4841**
*

(.0178) (.0231)
Building Blocks-NFT * 
Difficulty .0066

(.0232)
Building Blocks-FT * 
Difficulty .0129

(.0214)
N 106123 104920 104920 104920
Pseudo R2 .001 .074 .317 .317
Note. Coefficients are probabilities predicted from logistic regression 
marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child 
to account for different variances across different individuals. 
* p<0.05   ** p<0.01   *** p<0.001
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Table T4
The Effect of Building Blocks Intervention Treatment on Transferring 
Math Knowledge by Item Difficulty (subset 40% preK correct)

(1) (2) (3) (4)
Building Blocks-NFT Group .0169 .0048 .0073 .0072

(.0089) (.0075) (.0054) (.0058)
Building Blocks-FT Group .0220* .0090 .0107 .0112

(.0091) (.0076) (.0055) (.0058)
Item Answered Correctly 
in preK .4067*** .0943*** .0942***

(.0073) (.0069) (.0069)

Question Difficulty
-.6156**
*

-.6197**
*

(.0197) (.0254)
Building Blocks-NFT * 
Difficulty -.0045

(.0260)
Building Blocks-FT * 
Difficulty .0168

(.0241)
N 114649 113446 113446 113446
Pseudo R2 .001 .101 .366 .366
Note. Coefficients are probabilities predicted from logistic regression 
marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child 
to account for different variances across different individuals. 
* p<0.05   ** p<0.01   *** p<0.001
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Table T5
The Effect of Building Blocks Intervention Treatment on Transferring 
Math Knowledge by Item Difficulty (subset 50% preK correct)

(1) (2) (3) (4)
Building Blocks-NFT Group .0173 .0022 .0078 .0080

(.0090) (.0075) (.0061) (.0067)
Building Blocks-FT Group .0222* .0057 .0114 .0125

(.0092) (.0076) (.0062) (.0067)
Item Answered Correctly 
in preK .4534*** .1069*** .1068***

(.0072) (.0073) (.0073)

Question Difficulty
-.7002**
*

-.7097**
*

(.0207) (.0269)
Building Blocks-NFT * 
Difficulty .0028

(.0283)
Building Blocks-FT * 
Difficulty .0253

(.0266)
N 119521 118318 118318 118318
Pseudo R2 .000 .118 .387 .387
Note. Coefficients are probabilities predicted from logistic regression 
marginal effects, with the margins estimated at the means of the 
covariates. Standard errors (in parentheses) were clustered by child 
to account for different variances across different individuals. 
* p<0.05   ** p<0.01   *** p<0.001
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