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The purpose of this study was to use multilevel modeling to compare the effects of
KPALS aone and combined with goal setting and reinforcement to a control condition
on early numeracy performance of 96 kindergarteners. Demographic variables were
examined as moderators. Results differed according to early numeracy measure, with
both versions of KPALS outperforming the control group for number identification,
while KPALS plus goal setting and reinforcement improved performance on missing
number and the TEMA-3. Demographic variables, but not treatment, accounted for
performance on a measure of quantity discrimination. Posttest differences were found
for TEMA-3 and NI, but no differences persisted at 4 months follow-up.
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Although recent legidlation such as No Child
Left Behind has placed emphasis on improving
children’s reading skills by using empirically
supported reading interventions, 19% of fourth
graders and 29% of eighth graders are perform-
ing below basic levelsin mathematics (National
Assessment of Educational Progress, 2009).
These numbers are higher for urban districts
representing 28% and 40% of fourth and eighth
graders, respectively. This statistic is alarming
considering students' failure in earlier mathe-
matics material may place students at risk in
higher level mathematics (Gersten & Chard,
1999), and, with curriculum reform, students
are required to master more challenging mate-
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ria (Riley, 1997). In areview of six longitudi-
nal sets of data, Duncan and colleagues (2007)
found that the best predictors of later achieve-
ment were school-entry mathematics, reading,
and attention, with mathematics skills serving
as the strongest indicator. Early-mathematics
research has illustrated that kindergarten chil-
dren should understand and be able to operate
on two principals. verbal counting and quantity
discrimination (Okamoto & Case, 1996). By
age 6, these underlying concepts should be co-
ordinated into a mental number line representa-
tion, which is critical for future mathematics
development (Moss & Case, 1999). Deficits in
these and related areas, often described as num-
ber sense, are associated with later mathematics
difficulties, and children living in low socioeco-
nomic environments often arrive at school with-
out the necessary prerequisites to develop these
basic early skills (Griffin & Case, 1997b;
Griffin, Case, & Siegler, 1994). These findings
highlight the need for early mathematics pre-
vention research to provide school professionals
with empirically supported ideas so that stu-
dents' difficulties can be effectively addressed.

A promising supplemental intervention ad-
ministered class-wide may improve the early
number skills of kindergarten children from low
socioeconomic areas and across abilities. The
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whole-class structure of thisintervention is con-
sistent with recommendations that empirically
supported interventions be incorporated at pri-
mary (whole-class), secondary (small group),
and tertiary (individual) levels (e.g., VanDer-
Heyden & Burns, 2005; VanDerHeyden, Witt,
& Gilbertson, 2007). Furthermore, although
kindergarten teachers may spend 25% of in-
structional time devoted to mathematics, activ-
ities tend to be integrated with other subjects
rather than serving as the focus of teaching
(Chung, 1994). Fuchs, Fuchs, and Karns (2001)
developed Kindergarten Peer-Assisted Learning
Strategies in Mathematics (KPALS), a down-
ward extension of PALS-Math (Fuchs, Fuchs,
Phillips, Hamlett, & Karns, 1995), which iden-
tifies activities that can be incorporated within
typical classroom instruction for short periods
of time. Peer-assisted learning strategies have
considerable empirical support (Maheady, Mal-
lette, & Harper, 2006), and a primary feature of
the PALS seriesis class-wide peer tutoring that
is monitored by teachers. KPALS was designed
to target number knowledge by including quan-
tity discrimination, number line, and genera
number recognition (e.g., written, symbolic, and
pictoria representations of numbers) tasks. As
an initial study on KPALS, Fuchs et a. (2001)
randomly assigned 20 classrooms (168 chil-
dren) to KPALS or control classrooms. Control
classrooms consisted of typical basal curricular
instruction, while KPALS classrooms replaced
a portion of time devoted to mathematics in-
struction twice weekly to implementing KPALS
activities. Results demonstrated that students
receiving KPALS had higher rates of growth
over time than typical classrooms regardless of
whether initial number knowledge was low, me-
dium, or disability status. However, effect sizes
suggested that KPALS produced only small
gains for high-performing students and moder-
ate gains for al other achievement categories.
Although the results of this preliminary study
are encouraging, a paucity of research has ex-
amined early prevention research in
mathematics. Given the impact that early num-
ber knowledge has on later mathematics suc-
cess, more research on interventions like
KPALS is needed. We sought to enhance the
previous research on KPALS in the following
ways. First, although Fuchs et al. (2001) dem-
onstrated improvements on a standardized,
knowledge-based posttest mathematics-readi-

ness measure, KPALS effects on fluency mea-
sures has not been examined. Gersten, Jordan,
and Flojo (2005) suggested that a primary goal
of early mathematicsinterventionsisto increase
accurate and efficient use of counting strategies
and number combinations. These authors fur-
ther propose that lack of proficiency with num-
ber skills is a key correlate of learning disabil-
ities in mathematics. Therefore, examining
whether interventionsimpact fluency of number
skills is as important as improvements on stan-
dardized broad indicators of humber knowledge
(that primarily assess accuracy). Fortunately,
technical adequacy of early number fluency
measures has recently been demonstrated (e.g.,
Chard et al., 2005; Baglici, Codding, & Tryon,
2010). Specifically, this research found early
numeracy fluency measures (i.e., Tests of Early
Numeracy; TEN) that incorporate missing num-
ber, counting, quantity discrimination, and
number identification tasks yielded adequate
test-retest reliability and predictive validity on
standardized outcome measures for kindergar-
ten students. These measures may also poten-
tially be useful for monitoring the progress of
students participating in primary, secondary,
and tertiary interventions (Clarke, Baker,
Smolkowski, & Chard, 2008).

Second, the contribution of goal setting with
reinforcement to KPALS has not been exam-
ined. In a meta-analytic review of 90 studies,
Rohrbeck, Ginsburg-Block, Fantuzzo, and
Miller (2003) found peer-assisted interven-
tions that included interdependent reward
contingencies and provided self-management
opportunities (i.e., goal setting, reward selection
and administration) had greater outcomes.
Fuchs et al. (1997) specifically examined the
impact of short, task-focused goal setting on
math performance of students in Grades 2—4
who were receiving PALS. This research illus-
trated that pairing goa setting with PALS
yielded more effort and more learning for low
achieving students. Additionally, Morgan and
Sideridis (2006) found in their meta-analysis
that goal setting (with and without contingent
reinforcement) led to the most growth in read-
ing fluency over time compared to four other
interventions. Together these findings suggest
that if building fluency is an objective of early
numeracy interventions, then goal setting and
contingent reinforcement may be necessary
components. Third, the maintenance of number
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skillsfollowing intervention termination has not
been examined and is a critical for evaluating
intervention effectiveness (American Psycho-
logical Association, 2002).

A number of demographic variables includ-
ing age, gender, and primary spoken language
may also influence the effects of early mathe-
matics interventions. These are important con-
siderations, as research suggests that academic
achievement is related to economic and
demographic variables, and al three elements
contribute unique variance to disproportionate
representation of monitory groups in special
education (Hosp & Reschly, 2004). For exam-
ple, age at kindergarten can be variable, and
Jordan, Kaplan, Olah, and Locuniak (2006)
demonstrated that older children performed bet-
ter than younger children on number sense
tasks, a difference maintained throughout the
school year. Similarly, Aunio, Aubrey, God-
frey, Pan, and Liu (2008) found that, across
cultures, older school-age children yielded bet-
ter early numeracy performance than younger
children. Impact of gender has mixed evidence,
with some researchers finding similar early
number skills among boys and girls (e.g., De-
haene, 1997), and others illustrating that either
girls (Strand, 1999) or boys (Jordan et al., 2006)
showed greater performance. Finally, English
Language Learners (ELL) may yield poorer ac-
ademic achievement than their English-speak-
ing peers (Chang, 2008). Given the documented
influence of these demographic and cultural
variables on early number skills, it will be im-
portant to examine whether supplemental mate-
rial offered within a class-wide intervention
context is differentially beneficia to, for exam-
ple, younger students who may begin the school
year with fewer number sense skills or whether
ELL students can make gains greater than their
English-speaking peers.

Purpose of the Present Study

The purpose of this study was to extend the
research on KPALS by comparing the isolated
effects of KPALS with the combined effects of
KPALS and goal setting with reinforcement to a
control condition. To examine retention on
early numeracy performance, we assessed flu-
ency and general performance on a standardized
measure 4 months following treatment termina
tion. We aso evaluated the impact of initia

score on astandardized early numeracy measure
in order to examine effects acrossinitia skill as
well as gender, age, and ELL status. Teacher
treatment acceptability was examined to pro-
vide evidence of socia validity (Eckert &
Hintze, 2000). The following hypotheses were
generated: (a) students receiving KPALS with
goal setting and reinforcement (KPALS +
GSR) would yield higher final scores and ex-
hibit steeper slopes than students in the control
or KPALS groups across measures; (b) students
in the KPALS + GSR would yield higher post-
test and maintenance performance on a stan-
dardized measure; (c) studentsin the KPALS +
GSR group would demonstrate greater retention
of skills than other students; and (d) initial skill
level will impact treatment effectiveness. No
hypotheses were generated for the demographic
variables, as previous literature did not examine
the impact of these factors on performance fol-
lowing preventative programming.

Method
Participants and Setting

Participants were recruited from two schools
within one small urban district in the northeast
region of the United States. Six kindergarten
classrooms with a total of 96 students (class
sizes ranged from 14 to 19) participated. Aver-
age school enrollment was 328.5 (range, 294 to
363), and the average percentage of low-income
families was 58.6 (range, 41.3 to 70.4). Aver-
aging across schools, 61.4% of stu-
dents (range, 53.4 to 69.4) were Asian, 29%
(range, 21.4 to 36.9) were Caucasian, 3.65%
(range, 3.6 to 3.7) were African Ameri-
can, 2.8% (range, 2.4 to 3.3) were Latino,
and 2.75% were Multi-Race (range, 2.7 to 2.8).
An average of 59% of students' first language
was not English (range, 51.8 to 66.3), and an
average of 58.6% (range, 46.8 to 70.4) students
had free or reduced lunch. We use ELL to
represent the number of students for whom Eng-
lish was not the first language and these students
include those that did and did not receive
services.

Two students moved out of the district and
were included in the growth modeling, but no
data were available for follow-up. Fifty-four
percent of the sample was male, and, for 43% of
the sample, English was the second language.
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The ethnic composition of the sample included
60% Asian, 33% Caucasian, 6% African Amer-
ican, and 1% Latino. Mean age across partici-
pants was 5 years, 5 months (range, 4 years, 8
months, to 6 years, 0 months) at the onset of the
study.

The school district utilized the Houghton
Mifflin Math (Houghton Mifflin Harcourt,
2005) curriculum series. Mathematics instruc-
tion ranged from 30 to 60 min either 4 or 5 days
per wk. Daily instruction included group seat-
work, which ranged from 20 to 30 min, and
independent seatwork, ranging from 5to 15 min
across classes. Other instructional practices em-
ployed intermittently included small group
(range, 10 to 15 min) and cooperative learning
(range, 0 to 15 min).

M easures

Test of Early Mathematics Ability. The
Test of Early Mathematics Ability, 3rd edition
(TEMA-3; Ginsburg & Baroody, 2003), was
individually administered three times (i.e., pre,
post, and follow-up) in September, January, and
May. The TEMA-3 is designed to assess math-
ematics knowledge for children ages 3 years
to 8 years, 11 months, and includes items that
address quantity discrimination, number liter-
acy, and basic facts. The TEMA-3 has two
parallel forms containing 72 items each, and an
age-referenced standard composite score was
computed for each participant. Test-retest (r =
82), alternate reliability (r = 97), and internal
consistency (a = .94) are excellent and crite-
rion validity (range, .54 to .91) is adequate. The
TEMA-3 has been shown to be sensitive to
student growth (Murphy, Mazzocco, Hanich, &
Early, 2007). We used Form A to assess student
performance at each testing session.

Tests of Early Numeracy. Tests of Early
Numeracy (TEN; Clarke & Shinn, 2002) bench-
mark assessments were retrieved from AIM-
Sweb (http://www.aimsweb.com). The TEN
measures administered included number identi-
fication (NI), quantity discrimination (QD), and
missing number (MN). One probe from each
measure was administered three times, in Sep-
tember, January, and May. All probes were ad-
ministered for one min and total items correct
(TC) comprised each student’s score. NI re-
quires that participants orally identify num-

bers 0 to 10 when provided with a page of 56
numbers. Concurrent and predictive validity
(range, .33 to .65) and alternate-form reliability
(range, .91 to .92) are adequate (Clarke et al.,
2008; Lembke & Foegen, 2009). MN requires
that students orally supply the number omitted
from a 3-component number line when pro-
vided with a page containing 21 number lines.
Concurrent and predictive validity (range, .37 to
.70) and alternate-form reliability (range, .59 to
.72) are adequate (Clarke et al., 2008; Lembke
& Foegen, 2009). QD requires students to select
the larger number when presented with a work-
sheet containing 28 boxes of two numbers. Con-
current and predictive validity (range, .35 to
.71) and alternate-form reliability (range, .83 to
.89) are adequate (Clarke et a., 2008; Lembke
& Foegen, 2009).

Progress monitoring. TEN progress mon-
itoring measures obtained from AIMSweb
(http://www.aimsweb.com) were individually
administered on six occasions across 12 weeks
(every other week) of treatment implementa
tion. TEN measures consisted of NI, QD, and
MN. Probes were identical in arrangement to
benchmarks but represented alternate forms. In
order to allow for growth, each probe contained
two worksheets, thereby increasing the number
of items possible to answer and decreasing the
likelihood that prorated scores would need to be
calculated.

Treatment acceptability. To assessteach-
ers perceptions, the Intervention Rating Pro-
file-15 (IRP-15; Witt & Martens, 1983) was
administered. The IRP-15 requires teachers to
rate their level of agreement with 15 statements
on a Likert-scale ranging from 1 (strongly dis-
agree) to 6 (strongly agree). The established
reliability of the IRP-15 ranges from .88 to .98
(Martens, Witt, Elliott, & Darveaux, 1985), and,
for our sample, was .74. Total scores on the
IRP-15 range from 15 to 90, with higher scores
indicating greater acceptance. An adapted ver-
sion of the IRP-15 specifically referencing the
treatment employed with teachers' students was
distributed by the first author. Teachers who
received the KPALS + GS intervention evalu-
ated this combined intervention rather than each
component. Teachers completed this form
anonymously and returned the completed form
in an envelope to the main office of each school.
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Procedures

Teachers' classes were randomly assigned
within schools to treatment groups. The number
of students represented in each condition was as
follows: control (n = 35), KPALS (n = 31),
KPALS + GSR (n = 30). Three researchers,
two school psychology-specialist-level graduate
students, and the first author, trained in TEN
and KPALS procedures, implemented interven-
tions twice weekly for 20 min over 12 weeks.
One 2-hr training session was conducted with
the researchers, which included modeling, feed-
back, and practice. All assessment sessions
were standardized and administered individu-
ally every other week on the second treatment
day in desks outside the students' classrooms.
Four additional specialist level graduate stu-
dents were trained to administer TEN and
TEMA assessments in addition to the research-
ers. All students had one or two semesters of
graduate-level assessment (cognitive, academic,
and CBM) training prior to the study implemen-
tation. Specific training sessions occurred
across two 2-hr sessions that included model-
ing, feedback, and practice. Students needed to
administer and score each instrument with 95%
accuracy prior to the study’s inception.

Kindergarten Peer Assisted Learning
Strategies-Math.  Kindergarten Peer As-
sisted Learning Strategies-Math (KPALS;
Fuchs, Fuchs, Yazdian, Powell, & Karns, n.d.)
is a supplemental class-wide peer tutoring pro-
gram that includes 10 min of large group in-
struction and 10 min of peer-tutoring activities
that span four areas. Twelve of the 16 tota
lessons spanning 3 of 4 areas were administered
twice weekly across 12 consecutive weeks. The
full 16 lessons were not implemented due to
school constraints. Weeks were allocated to the
following (corresponding to the sequence pre-
scribed in the manual): 5 weeks, number con-
cepts; 4 weeks, quantity comparisons (1 w/num-
ber lines); 2 weeks adding/subtracting concepts;
and 1 week, training with students on KPALS
rules and procedures.

KPALS + Goal Setting.  Students in the
KPALS + Goa Setting (KPALS + GSR)
group received KPALS as described above.
These students were also presented with a col-
oring worksheet containing vertical bars (one
for each TEN measure) illustrating the number
of problems previously completed correctly

once every other week prior to conducting prog-
ress monitoring. Students colored in spaces on
the worksheet representing their performance,
were provided with new goals (15% increase
over the previous scores, Carson & Eckert,
2003), and earned an educationally relevant
prize (e.g., marker, eraser) if two of three goals
(across measures) were achieved.

Control.  Students in the control condition
were assessed on TEN probes every other week
on the same schedule and using procedures and
probes identical to those administered to the
other participants.

Interscorer Agreement and Procedural
Integrity

Interscorer agreement was assessed for TC
across 50% of assessment sessions for 25% of
students. Comparisons between the researcher
and independent scorer were conducted on a
digit-by-digit basis. Mean percent agreement
for TC was 98.6% (range, 96% to 100%), 99%
(range, 99%), and 99% (range, 99% to 100%)
for NI, MN, and QD, respectively. Procedural
integrity was assessed via direct observation by
an independent observer during 83% of the ses-
sions across treatment groups and was 96%
(range 83% to 100%). The observation form
consisted of all the steps that were included in
the KPALS scripted lesson plans, with a check-
box to indicate whether these steps were fol-
lowed as written or not.

Results
Descriptive Statistics

No significant pretest differences across
groups were found for age, F(2, 93) = 0.98, p >
.05; proportions of male and female partici-
pants, x*(2, N = 96) = 0.22, p > .05,; ELL,
x?(2, N = 95) = 056, p > .05; or ethnicity,
x?(6, N = 92) = 592, p > .05. Four separate
ANOVASs were conducted with TEMA scores,
NI, MN, and QD to examine for pretest differ-
ences among conditions. To control for the pos-
sibility of aType| error, an alphalevel of .0125
(.05/4) was used to determine significance. No
significant differences were found (see Table 1).
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Table 1
Pre-, Post-, and Follow-Up Data Across Treatment Groups
Control KPALS KPALS + GSR
Measures n M D n M D d? n M D d°
Pre-Test
NI 35 37.00 22.92 31 34.48 17.97 — 29 39.52 21.03 —
MN 35 8.46 711 31 9.13 7.22 — 29 9.52 8.17 —
QD 35 15.97 10.70 31 17.81 7.63 — 29 16.69 10.48 —
TEMA-3 35 9563  17.06 31 9432 1351 — 29 97.41 2043 —
Post-Test
NI 35 4997 1072 30 5763 1761 052 29 60.27 2361 056
MN 35 15.22 866 30 15.73 7.58 006 29 1876 1060 037
QD 35 26.00 11.84 30 30.33 12.84 0.35 29 29.00 14.82 0.22
TEMA-3 35 10031 1092 30 10350  11.17 029 29 10624 1694 042
Follow-Up
NI 34 5041 2054 30 6163  17.23 012 28 67.68 2346 037
MN 34 18.76 8.13 30 18.67 7.80 —0.01 28 21.07 10.30 0.25
QD 34 3259 1361 30 3220 1264 030 28 3411 1467 011
TEMA-3 34 101.00 1200 30 10393 1012 026 28 10432 1687 022

2 Represents the effect size for KPALS compared to the control group.

b Represents the effect size for KPALS + GSR

compared to the control group. KPALS = Kindergarten Peer Assisted Learning Strategies, KPALS + GSR = Kindergarten
Peer Assisted Learning Strategies with Goal Setting and Reinforcement; NI = number identification; MN = missing
number; QD = quantity discrimination; TEMA-3 = Test of Early Mathematics Ability, 3rd Edition.

Intervention Effectiveness

SAS PROC MIXED was used for the analy-
ses due to the longitudinal nature of the data and
our interest in monitoring individual progress of
each student. The ML estimation method and
unrestricted covariance structure were em-
ployed. ML estimations are the most common,
as they are asymptotically unbiased, normally
distributed, and efficient (Singer & Willett,
2003). The unrestricted covariance structure
was the best fit after comparing the different
variance-covariance structures. A 3-level model
was used with Class as Level 3, Students as
Level 2, and Repeated Measures as Level 1.
Data from the 6 treatment sessions and the
pretest data were analyzed for each TEN mea
sure. Ninety-five percent (n = 91) of our sample
had complete data across all assessments, and a
total of 26 observation points were missing.

Predictors were group membership (KPALS,
KPALS + GSR, Contral), initial TEMA-3
scores, ELL status, age, and gender. Group
membership was reference coded (1 to 3) so that
variables representing group membership could
be used to predict differences in students' final
TC and growth rates. Scores from the control
group served as the reference with which the
effects of the analyses in the final model were

compared. Initial score on the TEMA-3 was
also coded to represent students performing at
or above (1) and those below (2) the sample
average. ELL status was determined by students
receiving ELL services. Age was dummy-coded
to represent students at or above (1) and those
below (2) the sample average age in months.
The unconditional model was fitted to deter-
mine whether students TC varied over time
across measures. For NI, the time parameter
showed that, on average, students were gain-
ing 2.91 TC from session to session. The aver-
age final score (i.e., the last day of treatment)
was 58.68 TC (see Table 2). Interclass correla-
tions (ICC) were .24 and .79 for levels 2 and 3,
respectively, meaning that 24% of NI variation
occurred across students and 74% across
classes. For MN, average gains were 1.19 TC.
Averagefinal scorewas 17.66 TC (see Table 3).
ICC coefficients were .19 and .83 for levels 2
and 3, respectively. For QD, students
gained 1.70 TC and the average final score
was 28.80 TC (see Table 4). ICC coefficients
were .30 and .81 for levels 2 and 3, respectively.
The final model included the following pre-
dictors for both the intercept (final performance
within the treatment phase) and slope: (a) initial
TEMA-3 score, (b) group membership, (c) ELL
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Table 2
Multilevel Prediction Models for Number Identification
Parameters Predictors Unconditional model Final model
Fixed effects
Final status Intercept 58.68 (2.80) 50.07 (3.82)
KPALS + GSR 13.27 (3.92)*
KPALS 9.13(3.92)""
TEMA-3 11.26 (3.32)*"
ELL —11.37 (3.25)**
Growth Intercept 2.91 (0.01)*" —3.37 (0.35)"
KPALS + GSR —1.64(0.35)"
KPALS —1.17 (0.29)"*
At/above mean TEMA-3 1.74 (0.29)*
At/above mean age 0.69 (0.27)"
Random effects Level 1 84.73 (4.7)"" 76.85 (4.3)"
Final status (student) 26.19 (27.2) 0.00
Final status (class) 317.61 (49.1)"* 210.63 (32.1)*
Goodness-of -fit Deviance statistics 5796.60 5563.50

Note. Parenthetical information represents standard errors. KPALS = Kindergarten Peer Assisted Learning Strategies,
KPALS + GSR = Kindergarten Peer Assisted Learning Strategies with Goal Setting and Reinforcement; TEMA-3 = Test
of Early Mathematics Ability, 3rd Edition; ELL = English Language Learners.

“p<.05. *p< .00L

status, (d) age, and (e) gender. For NI fina
performance, KPALS and KPALS + GSR were
significant predictors. Students in both trest-
ment groups had higher final scores than stu-
dents in the control group. For MN final perfor-
mance, only students receiving KPALS + GSR
had higher final scores than students in the

control group. For QD final performance, treat-
ment group was not a significant predictor. For
NI, MN, and QD, pre-Test TEMA-3 scores and
ELL status were significant predictors. Students
who scored at or above average initialy on
theTEMA-3 had higher final scores than those
who performed below average, and ELL stu-

Table 3
Multilevel Prediction Models for Missing Number
Parameters Predictors Unconditional model Final model
Fixed effects
Final status Intercept 17.66 (1.1) 15.22 (1.8)
KPALS + GSR 3.92(1.8)"
KPALS 1.06 (1.9
TEMA-3 4.64 (1.5)"
ELL —3.96 (1.5)"
Growth Intercept 1.19 (0.0)* —1.66(0.14)™
KPALS + GSR —0.26 (0.2)"
KPALS —0.04(0.1)
At/above mean TEMA-3 0.29 (0.2)*
At/above mean age 0.39 (0.1)*"
Male 0.34(0.1)""
Random effects Level 1 11.68 (0.6)*" 11.07 (0.6)**
Final status (student) 2.67(3.8) 0.00
Final status (class) 58.92 (9.0)™ 48.06 (7.2)"
Goodness-of -fit Deviance statistics 4239.20 4167.90

Note.

Parenthetical information represents standard errors. KPALS = Kindergarten Peer Assisted Learning Strategies,

KPALS + GSR = Kindergarten Peer Assisted Learning Strategies with Goal Setting and Reinforcement; TEMA-3 = Test
of Early Mathematics Ability, 3rd Edition; ELL = English Language Learners.

*p<.05. *p< .00L
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Table 4
Multilevel Prediction Models for Quantity Discrimination
Parameters Predictors Unconditional model Final model
Fixed effects
Final status Intercept 28.80(1.8) 28.15(3.0)
KPALS + GSR 3.92(2.9)
KPALS 2.99 (3.0)
TEMA-3 5.81 (2.1)*
ELL —-752(2.1)*
Growth Intercept 1.79 (0.01)** —2.42 (0.2
KPALS + GSR —0.19(0.2)
KPALS -0.15(0.2)
At/above mean TEMA-3 0.70 (0.2)"*
At/above mean age 0.86 (0.2)""
Random effects Level 1 26.50 (1.5)"* 25.10 (1.4)**
Final status (student) 11.28 (10.9) 2.80(5.1)
Final status (class) 114.29 (17.5)** 84.01 (13.1)*
Goodness-of -fit Deviance statistics 4931.10 4756.20

Note. Parenthetical information represents standard errors. KPALS = Kindergarten Peer Assisted Learning Strategies,
KPALS + GSR = Kindergarten Peer Assisted Learning Strategies with Goal Setting and Reinforcement; TEMA-3 = Test
of Early Mathematics Ability, 3rd Edition; ELL = English Language Learners.

“p<.05. *p< .00L

dents performed less well than their English-
speaking peers.

For NI slope, KPALS and KPALS + GSR
were significant predictors. Thus, students in
both treatment groups had greater growth than
the control group from session to session. For
MN slope, KPALS + GSR was a significant
predictor with these students yielding higher
rates of session growth. For QD slope, group
was not asignificant predictor. For NI, MN, and
QD, TEMA-3 scores and age were significant
predictors. Students who were at or above av-
erage on the TEMA-3 and/or were older in age
had lower rates of growth than those below
average. For MN, gender was a significant pre-
dictor and males had lower rates of growth than
females.

Deviance statistics demonstrated that the fi-
nal model was a better fit than the unconditional
model for NI, x*(12) = 233, p < .001; MN,
x?(12) = 71.3, p < .001; and QD, x*(12) =
174.9, p < .001, respectively (Singer & Willett,
2003). Psuedo-R? ([unconditional random ef-
fect—final model random effect/the
unconditional random effect] X 100) was used
to estimate a global effect size for each level of
analysis across measures (Singer & Willett,
2003). For NI, 9% of the variance was ac-
counted for at Level 1, al of the variance was
accounted for by the predictors at the student

level, and 34% of the variance was accounted
for by the predictors at the class level. For MN,
5% of the variance was accounted for at
Level 1, al of the variance was accounted for at
the student level, and 18% of the variance was
accounted for at the class level. For QD, 5% of
the variance was accounted for at Level 1, 75%
at the student level, and 26% at the class level.
It should be noted that there is not a consensus
regarding effect-size calculation for MLM anal-
yses, and these effect sizes are not comparable
to traditional effect sizes such as Cohen's d
(Peugh, 2010).

Power analyses were conducted by first esti-
mating the slope and the standard deviation
according to the growth curve model and then
using PROC POWER. These analyses yielded
power of 0.81 for NI; however, power was less
than 50% for MN and QD.

Posttest and Maintenance

To examine posttest (one month posttreat-
ment) and skill maintenance 4 months follow-
ing intervention termination, between-group
ANCOVAs were conducted for TEMA-3 and
TEN (see Table 1). After adjusting for preinter-
vention TEMA-3 scores and class, there was a
significant difference between groups at post-
test, F(2, 94) = 4.20, p = .02, n, = .086. Post
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hoc analyses illustrated that the mean score for
KPALS + GSR was significantly different from
controls. No differences were found at 4 months
follow-up, F(2, 92) = 1.38, p = .26, n, = .03.
Pretest scores on TEN and class served as the
covariates for the corresponding analyses. A
significant difference was found between
groups at posttest for NI, F(2, 89) = 3.25, p =
.04, n, = .068. No significant differences were
yielded for maintenance.

Unweighted effect sizes were calculated us-
ing Cohen’s d for each dependent measure as-
sessed across groups for posttest and follow-up
data. For posttest data, effect sizes ranged from
small to medium when comparing control group
scores to both KPALS and KPALS + GSR. For
follow-up data, effect sizes ranged from negli-
gible to small when comparing the control
group to both experimental groups.

Acceptability

Mean scores on the IRP-15 measure for the
intervention groups were acceptable for KPALS
(M = 785) and KPALS + GSR (M = 89.0).
Scores higher than 52.5 indicate acceptable rat-
ings.

Discussion

The purpose of the present study was to ex-
tend the research on KPALS by comparing its
effects with a treatment package that added goal
setting and reinforcement on early numeracy
performance to a control condition. This study
extended the extant literature by examining (a)
the impact of these conditions on fluency mea-
sures as well as a standardized measure, (b)
retention, and (c) demographic variables. Our
results partially supported the hypotheses by
finding that KPALS + GSR produced signifi-
cantly higher scores at the end of the interven-
tion, and greater growth between sessions, than
the control group for the NI and MN measures.
KPALS + GSR students had significantly
higher NI and TEMA-3 scores at posttest com-
pared to the control group; however, mainte-
nance of group performance differences after 4
months was not observed. Demographic vari-
ables were significant predictors of each fluency
measure.

Treatment affected both the NI and MN per-
formance but not QD performance. That is, final

status and growth over time were significantly
lower for the control group as compared to both
KPALS groups for NI. The strong impact of
both KPALS groups on NI corresponds with the
specific focus of this curriculum on numbers
(Fuchs et al., 2001). For MN, fina status and
growth was significantly higher for the
KPALS + GSR group compared to the con-
trols. It is possible that, had the sample size
been larger, KPALS also would have yielded
significant differences from the control group.
The impact of treatment group on TEMA-3
performance illustrated that immediately fol-
lowing treatment termination, only students in
the KPALS + GSR performed better than the
control group. Positive effects of goal-setting on
fluency building have been noted elsewhere
(e.g., Codding, Chan-lannetta, Palmer, &
Lukito, 2009; Fuchs et al., 1997; Morgan &
Sideridis, 2006) and are consistent with the no-
tion that providing reinforcement may encour-
age students to persist on tasks that can be
performed accurately (Daly et a., 2007). Goal
setting also helps focus student performance on
specific target skills, perhaps increasing active
learning (Morgan & Sideridis, 2006). That is,
by providing reinforcement and feedback on
performance toward academic goals, goal set-
ting encourages students effort toward their
own learning (Fuchs et a., 1997; Nationa
Mathematics Advisory Panel, 2008).

The failure to find treatment effects on the
QD measure may have occurred due to its re-
stricted range. Some research has shown that
growth is observed within kindergarten on MN
but not QD measures (Baglici et al., 2010),
raising the question of whether QD can be used
to monitor treatment progress, while other re-
search has suggested that QD measures growth
adequately (Clarke et al., 2008; Lembke & Foe-
gen, 2009). Interestingly, the KPALS curricu-
lum closely alignsto the quantity discrimination
measure and provides more examples of this
type of activity than those represented by miss-
ing number. Four lessons focused specifically
on the concepts of more or less, with one for-
mally introducing number lines. However, Grif-
fin and Case (1997a) suggested that number
identification and counting skills, which might
be represented by the missing number measure,
are skillsthat develop earlier than quantity com-
parisons. Important to note is that the between-
student variance was higher for QD than the
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other measures, and our dataillustrate that EL L
status, age, and initial TEMA-3 scores moder-
ated performance.

Across all fluency measures, pre-Test
TEMA-3 scores predicted final status and
growth, with students initially falling in the
average or above average range yielding higher
performance than below average students; how-
ever, these students made less growth over time
than students below average. This finding is
consistent with Fuchs et al. (2001), who found
stronger effect sizes for students with disabili-
ties and those with low and medium achieve-
ment status as compared to students with high
achievement status. It is also possible that
scores reached a ceiling, so progress could not
be demonstrated. Unfortunately, these data also
suggest that below-average students did not
“catch up” to their higher-performing peers de-
spite making more growth.

Consistent with research suggesting that
achievement is impacted by demographic vari-
ables (Hosp & Reschly, 2004), ELL status and
age served as significant predictors for all flu-
ency measures. ELL students demonstrated
lower initial and final scores than non-ELL stu-
dents, but status did not impact growth over
time, suggesting that gains made by all students
were similar. Research by Griffin and Case
(1997a) and Chang (2008) has suggested that
language barriers can impede students' ability
to demonstrate number knowledge skills within
the classroom. This finding may suggest that
ELL students would benefit from more targeted
instruction that focuses on the language associ-
ated with early number concepts. It is also pos-
sible that the early numeracy measures were not
culturally or linguistically appropriate for the
students in our sample. Conversely, age did not
affect final TC, meaning that students per-
formed similarly regardiess of age. However;
students who were younger than the mean of the
sample yielded significantly more growth over
time, which differs from findings by Jordan et
al. (2006), who demonstrated that age differ-
ences persisted through the academic year. This
difference may be due to the fact that Jordan
and colleagues (2006) were examining growth
over time for students receiving the core curric-
ulum without any additional intervention com-
ponents. Gender was only a predictor for MN,
with males exhibiting significantly less growth
from session to session than females. That gen-

der did not predict final performance likely cor-
responds with higher male scores during pretest
than female scores (abeit these differences
were not significant), potentially suggesting that
males reached a ceiling before their femae
counterparts.

Although students receiving KPALS and
KPALS + GSR performed better than the con-
trol group 4 months following the end of treat-
ment, these differences were not significant.
This may have resulted from the study’s limi-
tations. It is possible that the findings herein
would be different with a larger sample size, as
we did not have enough power to detect signif-
icant differences for two of our measures (i.e.,
MN and QD). In addition the entire 16-week
KPALS program was not implemented; how-
ever, the omitted area consisted of adding and
subtracting numbers, which was not the primary
interest of the investigation. It could also be that
having researchers, rather than teachers, imple-
ment the program impacted the generalization
of these findings. Teacher implementation
might have facilitated reinforcement of KPALS
lessons throughout the day and may have led to
better coordination between the intervention
and core curriculum. However, in that case,
contamination among teachers could have oc-
curred. Although still possible in our study, the
researchers retained the materials following
each session, so it was unlikely that teachers
instituted practices from the other classes. Re-
lated, a core curriculum or common method of
instruction was not present among the six teach-
ers. Although it is unknown to what extent
variation in instructional content and time
impacted the results, we randomly assigned
classrooms to conditions and controlled for
classroom in our analyses. It is possible that the
positive results associated with the TEMA-3
scores is the result of practice effects, as we
used the same form for pre-, post- and fol-
low-up test, but thisis not likely given that these
assessments were administered approxi-
mately 16 weeks apart. Students for whom Eng-
lish is not afirst language may have performed
more poorly because the assessments were pro-
vided in English rather than in their primary
language or both languages. Although we as-
sessed teacher acceptability of the intervention
conditions, we did not seek input from the stu-
dents, which is an important component of ac-
ceptability and should be collected in future
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research. Finally, standard error estimates were
high, and Christ (2006) suggested that slope is
more meaningful when stable and with small
standard errors of estimate.

Future research should take into account in-
structional differencesin the classrooms by also
controlling for, or evaluating, the type and total
amount of instructional time allocated to math-
ematics. Alternatively, it would be useful for
researchers to spend an equivalent amount of
time in control classrooms in order to further
equate the conditions. Although this study ex-
amined demographic moderators, such as ELL,
associated with the treatment gains, future re-
search should specifically examine the impact
of other intervention packages on the mathe-
matics performance of ELL students. It might
be important for these studies to consider the
level of language proficiency rather than just
ELL status. Future research should extend this
study with larger sample sizes. The utility of
TEN and other early fluency measures for mon-
itoring progress over time is worthy of contin-
ued investigation. In particular, the QD measure
as a progress-monitoring tool should be further
examined, as the data herein suggested that de-
mographic markers, rather than the treatment,
accounted for performance variance. Findly,
future research might develop, examine, and
compare various approaches to improving num-
ber skill development in kindergarten.
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