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The assessment of early literacy and numeracy skills can provide useful and important informa-
tion in pursuance of the goal to increase student academic achievement. At present, there have
been promising results using curriculum-based measurement (CBM) for evaluating early liter-
acy and early numeracy. There has been little research investigating the use of both early liter-
acy and numeracy CBM-type skills assessments in a comprehensive battery. This research
extends previous research by investigating the internal validity of an assessment battery of liter-
acy and numeracy skills assessed at the end of kindergarten and external validity in the form of
predictive validity for second-grade outcomes in reading and mathematics. Results suggest that
correlated factors representing early literacy and numeracy skills are being measured. Evidence
of convergent and incremental predictive validity with respect to later reading and mathematics
outcomes was strong, but discriminant validity was not substantiated.

Keywords:  curriculum-based measurement; construct validity; predictive validity; assessment;
early literacy

here has been growing recognition that early assessment coupled with early interven-

tions is necessary to provide a firm foundation for later student learning (Chaffee,
Cunningham, Secord-Gilbert, Elbard, & Richards, 1990; Dunkle & Vismara, 2004;
National Association for the Education of Young Children, 1997; National Association for
the Education of Young Children & National Council for Teachers of Mathematics, 2003;
Scanlon & Vellutino, 1996; West, Denton, & Hausken, 2000). The effective composition of
assessments and interventions can be seen within the context of logical decision-making
systems (Fuchs, 2003; VanDerHeyden & Snyder, 2006). These systems use assessments to
detect students’ difficulties early in their academic careers and inform interventions to stem
the cumulative effects of skill deficiency. However, more extensive investigations of assess-
ment instruments’ technical adequacy in the area of early education need to be undertaken
(Hojnoski & Missall, 2006).
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The assessment of early literacy and numeracy skills has taken many forms. Some
examples are the use of individually administered, fluency-based tests such as the Dynamic
Indicators of Basic Early Literacy (Kaminski & Good, 1996) or the Individual Growth and
Development Indicators (McConnell, McEvoy, & Priest, 2002), group-administered tests
such as the Group Reading Assessment and Diagnostic Evaluation (American Guidance
Service, 2001), or computerized adaptive tests such as STAR Early Literacy (Renaissance
Learning, 2005). Although the approaches differ in their blueprints, they all attempt to
assess general outcomes and to evaluate changes in student achievement over time.

At present, much research on the assessment of early literacy skills using a curriculum-
based measurement (CBM) methodology and fluency-based assessment procedures (e.g.
Dynamic Indicators of Basic Early Literacy or Individual Growth and Development
Indicators) has shown good evidence of score reliability and validity under differing cir-
cumstances and with respect to diverse outcomes (Daly, Wright, Kelly, & Martens, 1997;
Good, Simmons, & Kame’enui, 2001; Kaminski & Good, 1996; Marston, Pickart, Reschly,
Muyskens, Heistad, & Tindal, 2007; McConnell, McEvoy, & Priest, 2002; McConnell,
Priest, Davis, & McEvoy, 2002; Munn, 1994). Preliminary evidence of good psychometric
properties of measures of early numeracy or early mathematics skills are also emerging
(Chard et al., 2005; Clarke & Shinn, 2004; Daly, Wright, Kelly, & Martens, 1997; Daley &
Lefevre, 1997; Joyce & Wolking, 1987; Munn, 1994; VanDerHeyden et al., 2004;
VanDerHeyden, Witt, Naquin, & Noell, 2001). However, much of the research base for lit-
eracy and numeracy has remained independent.

Given these encouraging results, the examination of a comprehensive battery of skills
developed from the perspective of CBM that incorporates both literacy and numeracy
would be important. A battery that combines both literacy and numeracy components has
the potential to increase overall information while also providing a comprehensive assess-
ment of important formative skills that set a foundation for later learning. One such battery
is the Minneapolis Kindergarten Assessment (MKA; Minneapolis Public Schools, 2004).

In this research, we investigated two aspects of validity, internal and external, of the
MKA. Internal validity addressed the relationship between the subtests measuring literacy
and numeracy skills, score reliability, and a set of confirmatory factor analyses to evaluate
the underlying measurement model. External validity addressed the extent to which the
MKA scores obtained at the end of kindergarten relate to later outcomes in reading and
mathematics measured at the end of second grade.

Method

Participants

The participants in this study were kindergarten students in a large, urban, midwestern
school district. Originally, all 3,174 kindergarten students were assessed. However, because
of attrition, 2,180 students (69%) were evaluated at the end of second grade on both math
and reading outcomes.

To evaluate the extent to which the students lost by attrition might bias results, each stu-
dent’s kindergarten scores were summed to get a total score. An additional dichotomous
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variable was coded to represent whether the student had a reading score and a math score
at second grade (coded O if a student had both second-grade scores and coded as 1 if one
or both of the second-grade scores were missing). The dichotomous variable was used as a
grouping variable in an analysis of variance with MKA total score as outcome. The results
suggested that missingness of second-grade achievement data was not significantly related
to kindergarten MKA scores, F(1,2971) =1.09, p = .30. This result indicated that the group
lost to attrition was probably not different, with respect to kindergarten skills, from the
group not lost to attrition. The students with complete cases could be considered a random
subsample of the original sample and the statistics derived unbiased (Little & Rubin, 2002;
Lohr, 1999; Schafer, 1997).

Ethnicity of participants was as follows: 39% African American, 30% European
American, 16% Hispanic American, 11% Asian American, and 4% American Indian.
Twenty-eight percent of the students were identified as limited English proficient with the
following primary home languages: 48% Spanish, 26% Hmong, and 15% Somali; the other
11% consisted of more than 70 different languages. About 60% of the students were eligi-
ble for free or reduced-price lunch. Seven percent of the children had Individualized
Education Plans.

Measures

Minneapolis Kindergarten Assessment. The MKA (Minneapolis Public Schools, 2004;
Pickart, Betts, Sheran, & Heistad, 2005) is a standardized, individually administered
assessment measuring common early literacy and numeracy skills developed during kinder-
garten. In this research, we used the rhyming, alliteration, letter naming, and letter sounds
subtests for the early literacy subtests and the number sense, patterning/functions, and spa-
tial sense/measurement subtests for the early numeracy subtests. The early literacy subtests
are fluency-based tests scored by the total number of correct responses within a specific
time span (1 min for letter naming and letter sounds and 2 min for rhyming and allitera-
tion). The early numeracy tests are untimed subtests on which the total score consists of the
total number of correct answers. Raw scores or normalized scores with a mean of 100 and
standard deviation of 15 can be derived. The norm-referenced scores were used in this
analysis because the norming population was similar to the study sample. Evidence for reli-
ability was reported to be strong, with coefficients greater than .80 for both test-retest and
internal consistency across multiple ethnic groups (Pickart et al., 2005). Concurrent and
predictive validity evidence was reported to be strong, with correlations of .75 and .84,
respectively (Pickart et al., 2005).

Northwest Achievement Levels Test (NALT). The NALT (Northwest Evaluation
Association, 2003) has specific academic achievement tests of reading and mathematics.
Both the reading and the math tests are scored using modern item response theory and pro-
vide an overall achievement score, the RIT scale score, that was used in this analysis. This
assessment was given in a group-administered setting, and each student was administered
a leveled form of the test that was tailored to his or her ability level. Validity estimates for
the second grade with respect to the Stanford Achievement Test (Harcourt Educational
Measurement, 1997) found correlations for reading scores and math scores, separately, to
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be .86 and .80, respectively. Marginal reliability for second grade was above .90, and
test-retest reliabilities were consistently above .70 for both reading and mathematics.

Procedures

Kindergarten students were assessed during May by a trained assessor using standard-
ized procedures outlined in the technical manual (Minneapolis Pubic Schools, 2004). The
cohort of assessors was retired teachers who completed 2 hours of administration training on
the MKA. Training was done before all seasonal administration occasions (during the fall,
winter, and spring) and consisted of both group instruction and didactic modules consist-
ing of videotaped MKA administration examples. In addition, all assessors score the video-
taped examples, and results are checked for reliability with a criterion of 90% agreement
to the standard. The NALT reading and math tests were administered during April 2005. All
teachers were responsible for complying with administration rules and procedures, and
special days were set aside for all of the students to participate in the assessment.

Statistical Analysis

The first part of this research investigated internal validity by exploring the internal rela-
tionships of the MKA subtests. The reliability of scores obtained in the sample was com-
puted using the Gilmer-Feldt coefficient (Feldt & Brennan, 1989; Gilmer & Feldt, 1983).
We chose the Gilmer-Feldt coefficient because the MKA subtests were considered con-
generic measures, and therefore traditional internal consistency reliability estimates, such
as Cronbach’s alpha, would not be appropriate.

An evaluation of the intercorrelations between subtests of the battery that were expected
to measure the same domain (literacy or numeracy) was undertaken. Then an evaluation of
the cross-correlations of subtests measuring one purported domain (e.g., literacy) with the
measures of the other domain (e.g., numeracy) was undertaken. We expected that intercor-
relations would be larger, on average, than cross-correlations, providing evidence of
convergent and divergent validity.

Next, a more thorough analysis of the interrelations between all the subtests was under-
taken using a confirmatory factor analysis (Joreskog & Sorbom, 2001; McDonald, 1985;
Mulaik, 1972). Three models were investigated. First, we examined a common factor
model (Model 1), which posited a single common factor accounting for the relationship
between all subtests. Second, we investigated a two-factor (Literacy and Numeracy) model
(Model 2) with correlated factors and simple structure on the basis of the theoretical sepa-
ration of literacy and numeracy skills (see Figure 1). The third model was a direct exten-
sion of Model 2 that allowed for the assumptions of uncorrelated residuals and simple
structure to be relaxed.

To evaluate the fit of the data to the proposed confirmatory factor analysis models, we
used the chi-square test of model fit, Tucker-Lewis Index, Comparative Fit Index, and root-
mean-square error of approximation. Nonsignificant chi-square test statistics indicate good
fit of the model to the data, as do Comparative Fit Index and Tucker-Lewis Index values at
or above 0.94, and root-mean-square error of approximation values at or lower than 0.05
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Figure 1
Two-Factor Correlated Model Diagram (Model 2)
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can be considered good-fitting models (Hu & Bentler, 1999; Schumacker & Lomax, 1996).
To evaluate the relative fit between the three different models, we used the Akaike and
Bayesian information criteria, with lower values indicating better fit (Schumacker &
Lomax, 1996).

The second part of this research investigated the external validity of the MKA battery
measured in kindergarten with measures of reading and mathematics measured at the end
of second grade. Correlations between MKA subtests and second-grade outcomes were
computed. Evidence of convergent validity was evaluated by correlations between literacy
variables and reading and between numeracy variables and math outcomes. Divergent
validity was investigated with respect to correlations between literacy variables and math
outcomes and numeracy variables with reading outcomes.

To evaluate the relative importance of the MKA subtests on second-grade reading and
mathematics, the reading and mathematics scores were regressed onto all the MKA sub-
tests. However, the regression was done in two steps to evaluate the incremental validity
associated with adding the set of MKA subtests from the cross-domain to predicting sec-
ond-grade outcomes. The second-grade reading scores were first regressed onto the liter-
acy subtests, and then the set of numeracy subtests was added to evaluate the incremental
increase in validity. Likewise, second-grade math scores were regressed on the set of early
numeracy subtests first, and then the set of literacy subtests were added. Standardized
regression coefficients were computed to evaluate the relative importance in predicting
second-grade achievement scores when all MKA subtests were entered into the model.

Results

Internal Validity

Descriptive statistics suggested students’ results were similar to expectations, with
means close to 100 and standard deviations close to 15 (Table 1). All subtests had skew and
kurtosis statistics below unity and should not bias results. Reliability of the MKA was esti-
mated to be .84, which was similar to previously reported estimates. Correlations between
the MKA subtests were all significant (p < .01; Table 1). The range of intercorrelations
between the early literacy measures was .34 to .62 with a median of .53. The range of inter-
correlations between the early numeracy subtests was .44 to .61 with a median of .55. The
cross-correlations between the literacy and numeracy subtests ranged from .36 to .58 with
a median of .44. Given that the cross-correlations were very similar to the intercorrelations,
evidence of divergence was weak; however, the median of the cross-correlations was
somewhat lower than the median of the intercorrelations.

Results of the confirmatory factor analysis models (Table 2) indicated that the common
factor model (Model 1) had poor fit of the data to the hypothesized model on all model fit
indices. Results for Model 2 suggested poor (root-mean-square error of approximation =
0.11) to moderate fit (Comparative Fit Index = 0.94). Model 3 appeared to fit the data very
well with all fit indices except chi-square model fit, indicating excellent model fit. In addi-
tion, Model 3 had the lowest Akaike and Bayesian information criteria values, indicating
better fit relative to the other hypothesized models. Therefore, Model 3 was deemed the
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Table 1
Descriptive Statistics and Correlations Between Kindergarten
Subtests and Second Grade Achievement Measures

Kindergarten Second Grade
Subtest 1 2 3 4 5 6 7 Reading Math
1. Rhyming — .62 42 .34 44 .39 .36 .56 53
2. Alliteration — .55 .50 .52 44 .40 .58 .56
3. Letter Names — .61 .58 45 47 57 .53
4. Letter Sounds — 51 .39 41 .40 34
5. Number Sense — .61 .55 .56 .53
6. Pattern — 44 49 48
7. Spatial — 42 37
M 101 101 101 100 101 102 101 188 195
SD 15 15 15 15 14 14 14 16 15

Note: All correlations were significant at p < .001.

Table 2

Results of Confirmatory Factor Analysis With the Three Models
Fit Index Model 1 Model 2 Model 3
. 613.84 374.85 17.62
df 14 13 8
p <.001 <.001 .02
Comparative Fit Index 0.91 0.94 0.99
Tucker-Lewis Index 0.86 0.91 0.99
Root-mean-square error of approximation 0.14 0.11 0.02
Akaike information criterion 36,877 36,640 36,293
Bayesian information criterion 36,957 36,726 36,406

best-fitting model (see Figure 2 with coefficients given in their standardized form) and
suggested that a two-factor simple structure model with correlated factors and correlated
residuals fit the data well.

External Validity

Correlations between the MKA subtests and achievement tests were all significant (p <
.01; Table 1). The correlation between second-grade reading and mathematics was .79.
There did not appear to be a large amount of divergent validity because most of the kinder-
garten variables correlated just as highly with both reading and math. All subtests appeared
to correlate more highly with reading than with math.

When predicting mathematics outcomes, the numeracy measures accounted for 33% of
the variance (R* = .33), and when the literacy measures were added, this increased to 46%.
This was a statistically significant increase, AF (4, 2172) = 138.45, p < .001, and medium to
large practical significance (f* = 0.24; Cohen, 1988). Prediction of reading outcomes was



90 Journal of Psychoeducational Assessment

Figure 2
Confirmatory Factor Analysis of the Two-Factor Correlated Model
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also significantly increased, AF (3, 2172) = 60.34, p < .001, with the addition of the numer-
acy measures to the literacy measures and resulted in an increase in R? from .48 to .52, which
was of small practical effect (f> = 0.08; Cohen, 1988). These results indicate that the set of
both early literacy and numeracy variables are significant predictors of later achievement, pro-
vide significant incremental validity, and account for a substantial amount of the variability
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Table 3
Standardized Regression Results From
Regressing Second-Grade Achievement

Scores on MKA Subtests
NALT
MKA Subtest Reading Math
Rhyming 0.23* 0.21*
Alliteration 0.19%* 0.21%*
Letter Name 0.25* 0.21%*
Letter Sound 0.07* 0.11*
Number Sense 0.16* 0.17*
Pattern 0.12% 0.15%
Spatial 0.03 0.01

Note: Standardized beta weights for each of the reading and
math variable regressed on the MKA variables. MKA =
Minneapolis Kindergarten Assessment; NALT = Northwest
Achievement Levels Test

*p <.001.

in later achievement. The standardized regression weights for the model with all subtests in
the prediction (see Table 3) indicated that all of the MKA variables except for the spa-
tial/measurement subtest significantly predicted both later reading and math achievement,
separately.

Discussion

This research took a step forward in understanding the properties of a battery of early
literacy and numeracy measures at kindergarten with respect to internal and external valid-
ity. Results suggested that the MKA provided reliable scores for early literacy and early
numeracy skills. Two factors related to literacy and numeracy skills were found to be dis-
tinct but highly correlated. Predictive validity with respect to both reading and mathemat-
ics outcomes at the end of second grade was strong. In addition, incremental validity
indicated that both literacy and numeracy variables accounted for significant levels of
variance in both reading and mathematics.

These results provided preliminary confirmatory evidence of the relationship between
early literacy and numeracy skills and later outcomes, but the results also suggested that the
relationship might not be clear cut. Convergent validity evidence was found, but divergent
validity was weak for both internal and external validity. For instance, the cross-correlations
between literacy and numeracy were substantial and did not indicate a strong separation
between the domains even though the factor analytic results found good model fit to the
correlated two-factor model. A consideration here was the high correlation between the two
domains.
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In addition, a lack of predictive discrimination was observed, with literacy and numer-
acy factors substantially adding to the prediction of both reading and mathematics.
Interestingly, the incremental validity increase with the addition of the literacy variables to
the prediction of later mathematics outcomes was substantial. Although numeracy variables
significantly increased the proportion of variance accounted for in later reading above the
literacy variables, the increase was much smaller.

The lack of divergence, both for internal and external validity, might indicate that the dif-
ferentiation of reading and mathematics skills are less pronounced when measuring the
early component skills on which the later academic achievement correspond. It might be
that during early education the development of a broad range of skills from learning letters
and numbers to learning sounds and counting will provide a general benefit for later read-
ing and mathematics outcomes. Overall, these results indicate that a multivariate approach
to making predictions about later achievement standing might be useful.

If the goal of early assessment and intervention is to increase student skill on compo-
nents known to correlate with both reading and mathematics achievement, this research
provides initial evidence that the measurement of the precursor skills can have beneficial
payoffs with respect to predicting later outcomes. This research suggests that early assess-
ments of literacy and numeracy skills can provide insights into student skill levels and
important predictive information about future achievement. This predictive validity is inter-
esting because the outcome variables in this research were administered two grades into the
future. As both literacy and numeracy skills provided predictive utility to later reading and
mathematics, they could both be useful in making determinations of benchmark criteria for
identifying students in need of more intense monitoring or interventions.

In addition to providing insights into specific literacy and numeracy skills for which
interventions can be targeted, the potential for using both sets of kindergarten variables,
early literacy and early numeracy, in predictive models provides a potential for using a
compensatory model of student achievement for making benchmark scores. As opposed to
developing benchmark criteria based on only one of the MKA subtests, such as Letter
Sounds, the full battery can be used to better predict students for whom remediation should
be helpful. In addition to a compensatory predictive model that uses scores from all
subtests, the potential for developing useful profiles could be investigated.

Limitations of the Present Study

Because of the scale of this research, it was difficult to obtain estimates of interrater reli-
ability. Although we obtained reliability estimates with respect to student scores, it would
be useful to examine the extent to which raters tended to rate responses in a similar man-
ner. We suspect that interrater reliability would be substantial because of administrators
having been retired teachers and also having participated in substantial training and scor-
ing instruction.

Although the sample used in this research was representative of the district from which
the students were obtained, it is not representative of the nation. Therefore, results may not
generalize to all possible populations. In addition, the subtests used in the MKA might
appear similar to other types of fluency-based tests, but the results might not generalize to
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those other measures. Lack of generalizability should guide future use in student popula-
tions deemed to be significantly different from the sample in this research. All results
should be replicated in different populations, and further evidence of validity is needed with
respect to those different populations.

Possible Future Research

Future research focused on analyzing the possible reasons for the poor divergent valid-
ity evidence found in this study should be relevant. One consideration for addressing the
issue of high levels of cross-correlations between the early literacy and early numeracy
measures could be related to a background variable that is not accounted for in the present
model. One potential variable could be a general cognitive ability variable like g, which has
been found to underlay most mental tasks (Jensen, 1998). Future research might attempt to
make a measure of g continuous with the measurement of the early literacy and numeracy
skills and to partition out the variance associated with that factor. Thus, correlations
between the early academic measures of literacy and numeracy could be done with the
effects of that background variable partitioned out.

Research on the use of fluency-based tests with kindergarten students has shown pos-
itive results. However, the development of assessments for early numeracy skills is just
emerging. This research suggests that more work is needed in the development of tasks
that measure important areas of early mathematical development. Future research might
attempt to better specify those early skills that contribute to the development of mathe-
matical skills. The construct of early numeracy could be more fully developed and tasks
developed to better sample this important domain of early education. Considering the
concern about student mathematics performance, early assessments to engender early
support could be highly beneficial. A thorough investigation of the most important
numeracy skills to address in early education on par with the colossal undertaking of the
National Reading Panel (National Institute of Child Health and Human Development,
2000) for reading appears to be needed. The results of this research suggest that mea-
suring only literacy skills at the kindergarten level may provide an incomplete story of
children’s early academic development.

Overall, this research provides evidence to support the early assessment of both literacy
and numeracy skills. However, continued research is vital both for constructing valid assess-
ments and also for linking those results to useful instructional supports to foster student skill
development. Highly reliable and valid assessment results can engender better decision mak-
ing with respect to identifying students at risk for later difficulties. With a good early warn-
ing signal, it may be possible to ameliorate difficulties before they are too entrenched.
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