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Abstract

A number of states are implementing statewide performance assessment programs that are being used

for high-stakes purposes such as holding schools accountable to state standards. A prevailing assumption

underlying statewide performance-based assessments is that they not only serve as motivators in

improving student achievement and learning, they encourage instructional strategies and techniques in

the classroom that are more consistent with reform-oriented educational outcomes (e.g., instruction

focusing on reasoning and communication skills). Given these high expectations, more comprehensive

and direct evidence for the consequences of the assessments (both negative and positive) need to be

addressed. The purpose of this paper is to explore the relationship between changes in the scores from

MSPAP's science performance assessment from 1993 to 1998 and classroom instructional and

assessment practices, student learning and motivation, students' and teachers' beliefs about and attitude

towards the assessment, and finally, school characteristics. Using growth models estimated within a

structural equation modeling (SEM) framework, several factors from each of these dimensions were

observed to explain a significant amount of the variability in school performance. The paper discusses

these factors as well as the design of evaluations that hope to study the impact of assessment programs on

students, teachers, and schools.
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MSPAP Performance Gains From 1993-98 and their Relationship to

"MSPAP Impact" and School Characteristic Variables

The Maryland State Performance Assessment Program (MSPAP) is a performance assessment

program designed to measure school performance for grades 3, 5, and 8 and provide information for

school accountability and improvement (Maryland State Board of Education, 1995). Implemented in the

early 1990's, MSPAP requires students to develop written responses to interdisciplinary tasks that

require the application of skills and knowledge to real life problems, and is intended to promote

performance-based instruction and classroom assessments. The purpose of this paper is to explore the

relationship between changes in MSPAP test scores and classroom instructional and assessment

practices, student learning and motivation, professional development, students' and teachers' beliefs

about and attitude towards MSPAP, and finally, school characteristics. Although information was

collected in a variety of content areas (science, language arts, math, and social studies), the focus of this

paper is on the science content area. Across the number of schools that were assessed, 116 schools

provided both teacher and student information and formed the basis for the analyses presented herein.

The language arts data was based on a different and smaller set of schools which prohibited analyses

similar to those conducted on the science data. Results involving the math content area were presented

previously (Lane, Parke, & Stone, 1998); subsequent analyses are planned for the social studies data.

Modeling Differences in School Performance Over Time

Random coefficient or growth models were used to examine science performance on MSPAP from

1993 to 1998 in relation to variables derived from the teacher and student questionnaires, and the school

characteristic, percent free or reduced lunch which served as a proxy for socioeconomic status. The

advantages of using growth curve methodologies to analyze change has been discussed in the literature

(c.f., Rogosa & Willet, 1985; Willet & Sayer, 1994; Rogosa, 1987). These methodologies are

particularly well suited for studying processes that consider change as continuous with individual

differences in the pattern of change (e.g., initial level and rate of change). Further, these methodologies

allow for studying individual differences and identifying factors that affect the trajectory of change. This

type of analysis can not be modeled by time-specific comparisons involving group-level (e.g., means)

differences.

Variables from questionnaires administered to teachers and students from the schools in the sample

were hypothesized to explain individual differences in school performance over time. A subset of

variables from the questionnaires was used because of the relatively small school sample size. In

addition, the dimensions that were used were considered to be more relevant than the other dimensions

for examining the relationship between change and teach4s' perceptions. From the teacher
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questionnaire, two dimensions were examined: MSPAP Impact and Current Science Instruction. These

two dimensions were derived from subsets of items that asked questions about the direct impact MSPAP

has had on classroom activities, and questions related to the extent to which classroom activities focus on

the science learning outcomes and reform-oriented problem types. From the student questionnaire, the

Current Instruction dimension and two Likert-scaled items were analyzed: 1) In science class this year,

how often did you work on tasks like those on MSPAP? And, 2) How important is it for you to do well

on MSPAP? The Current Instruction dimension was similar to the teacher-level dimension, that is, it was

derived from questions about the type of instructional activities engaged in, but from the student's

perspective.

Figure 1 illustrates the differences in initial mean MSPAP performance and changes in mean MSPAP

performance from 1993 to 1998 for the sample of schools in the present study. Since percent free or

reduced lunch was found to correlate significantly with MSPAP performance, the plots are presented for

two subgroups of this variable (i.e., lower and upper quartiles) to reduce the number of lines in any one

graph. As can be seen, there are differences among the schools in terms of their initial MSPAP science

performance and their change over time. Schools in the lower quartile (Higher SES) were concentrated

in the range of 520-550 in 1993 whereas schools in the upper quartile (Lower SES) were concentrated in

the range of 480-500 in 1993. In addition, the rate of change for schools in the lower quartile exhibited a

more consistent increase over time whereas considerably more variability was observed for schools in the

upper quartile. In both cases, the rate of change appears modest from 1993 to 1998.

Table 1 summarizes the mean performance across the set of schools. As can be seen, mean

performance is increasing over time if the 1995 time-point is disregarded. In addition, mean scores

appear to level off from 1995 to 1997 at which point there is an increase in performance. From the

graphs and the figure, non-linearity in performance changes over time is apparent.

Table 1: Means and Standard Deviations of MSPAP Science Scores

N Mean
Std.

Deviation
Science 93 116 509.6 25.3
Science 94 116 514.6 23.0
Science 95 116 519.0 21.4
Science 96 116 518.3 23.8
Science 97 116 518.9 24.9
Science 98 116 523.6 22.9



Figure 1: Change in Mean MSPAP Science Scores Over Time by Percent Free Lunch Percentiles
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The models used to capitalize on the information contained in multiwave data appear in the literature

under a variety of labels, including random-effects models or random coefficient models (e.g., Laird &

Ware, 1982) and hierarchical linear models (Bryk & Raudenbush, 1992). In order to model individual

differences in change and assess the correlates or predictors of change, two levels of statistical modeling

are required: Level 1 - within individual schools, trends across the repeated measurements are modeled;

and Level 2 - across schools, the parameters from the model of individual differences in change at Level

1 are modeled in relation to other factors. At Level 1, growth models analyze the repeated measurements

of test scores, analyze the relationship between time (year) and test score levels, and estimate a reference

status (intercept) and rate of change (slope) for each school. It would be expected that schools would

differ with regard to their initial levels MSPAP performance (measured at time 1), their rates of change

over time, and the shape or pattern of change (e.g., linear, nonlinear).

A linear growth model with a single outcome variable y measured for each school at each timepoint is:

Yit = a; + pixit ei (1)

where ai is an intercept parameter for each ith school, xi, is the time-related variable for the ith school at

time t, Pi is a slope parameter reflecting the linear rate of change over time for the id' school, and eft is a

residual reflecting both random measurement error and unspecified time-specific effects.

The parameters from the model at Level 1 (intercepts and slopes) are then modeled in relation to

factors that are introduced to explain variation in the parameters across schools (Level 2). For example,

the school-specific parameters, ai and 13; from the Level 1 model, are incorporated into the Level 2 model

with one school-specific explanatory variable (z1) as follows:

= + Tot zi + Ecci
(2)

R; = Yo

where ma and go are parameters reflecting group-level means of the intercepts and slopes, respectively,

and the variance of these factors reflects the individual differences or random effects that exist around

these group level parameters. Larger variances reflect increased variability (less similar patterns) in

intercepts and slopes; zi is a time-invariant covariate introduced to explain variation in these parameters

(e.g., SES level); ya and yo are regression parameters reflecting the effects of the covariate on the Level 1

intercept and slope parameters; and, Ea; and cp; are residual terms. It is assumed that the Ei are

uncorrelated with ca; and Epi, but ea; and Er3; may be correlated. It should be noted that it is

straightforward to increase the number of explanatory variables in the Level 2 model and consider time-

varying covariates as well as non-linear growth rates in the Level 1 model. In the present study, various

dimensions from the teacher and student questionnaires, and the variable percent free or reduced lunch

were introduced to explain variation in the intercepts and slopes.
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Growth models can be estimated using a variety of software. Recently, Singer (1999) illustrated the

estimation of such models in SAS PROC MIXED. Specialized software is also available (e.g., HLM:

Bryk & Raudenbush, 1992). In addition, several researchers have discussed how growth models can be

estimated within a structural equation modeling (SEM) framework by considering the intercept and slope

factors as latent variables (e.g., McArdle & Epstein, 1987; Meredith & Tisak, 1990; Muthen, 1991;

Willet & Sayer, 1994). Muthen and Curen (1997) have further discussed the flexibility in modeling that

is afforded by estimating growth models using SEM. In the present study, the growth models were

estimated using the SEM program AMOS (Arbuckle, 1997).

Figure 2 presents a Level 1 (Unconditional) growth model for the present study. This model involves

the outcome variable, MSPAP science standard score, measured at six timepoints. In order to translate

the growth model into the framework of structural equation modeling, the school-specific random

coefficients (intercepts and slopes from Level 1) are each modeled using two latent factors: 1) a factor

representing a reference status of MSPAP performance (intercept or a), and 2) a factor which

corresponds to the rate of change in MSPAP performance over time (slope or (3). The mean of these

factors represent group level estimates (Level 2) of the intercepts and slopes, respectively, and the

variance of these factors reflects the school differences or random effects that exist around these group

level parameters. Larger variances reflect increased variability or less similarity in intercept and slopes

among the schools.

As can be seen from the figure, the Level 1 model has the format of a measurement or confirmatory

factor analysis model in SEM with restrictive loadings: Y = Al + e

/Yu \

Yi2

Yi3

Yi4

Yi5

Yi6\

(1 xt

1 Xt

1 Xt

1 Xt

1 XI

1 Xt\

al* (j+
fi

psi

E2

B3

E4

a5

&6/

(3)

where Y is a vector of original measurements over time, 11 is a vector of latent variables (intercept and

slope parameters), A is a matrix of regression coefficients relating the slope and intercept factors to the Y

measurements, and E is a vector of residuals representing variance not accounted for due to time specific

factors not included in the model or random error. In addition, an association between the intercept and

slope factors may be specified and indicated through a curved bi-directional arrow in the figure. Note

that, in order to specify these models in SEM, it is necessary to assume that xtt = xt, which means that all

individuals are measured at the same point in time at each time-point. In this study as well as other state-

wide testing situations, tests are typically administered at the same time.

6 8



In
te

rc
ep

t (
a)

Sc
ie

nc
e9

3

Fi
gu

re
 2

. L
ev

el
 1

 U
nc

on
di

tio
na

l G
ro

w
th

 M
od

el

Sl
op

e 
(0

)

°4
1

11 Sc
ie

nc
e9

4

4!
)

Sc
ie

nc
e9

5

A

Sc
ie

nc
e9

6

O

Sc
ie

nc
e9

7
Sc

ie
nc

e9
8

A



The regression coefficients relating the intercept factor to the measurements are fixed at 1 since the

intercepts reflect a constant contribution to the measurements over time. The scaling of the slope factor is

determined by the pattern in the xt coefficients that relate the time variable to the observed

measurements. To reflect a simple linear growth pattern with one unit of change between time points the

coefficients (xe) would be set to 0, 1, 2, 3, 4, and 5. Note that in the framework of SEM, it is possible to

freely estimate coefficients or constrain parameters to any other specified pattern. Thus, there is no

constraint that time points be equally spaced or that all xt be specified.

The meaning of the intercept factor depends on the scaling of the time variable for the slope factor,

and the scaling of the slope factor is determined by the factor loadings or regression coefficients relating

the slope factor to the observed measurements. Under the scaling in Figure 2, the intercept could be

interpreted as MSPAP initial status of schools since time 0 corresponds to 1993 performance. However,

it is also possible to estimate coefficients or constrain the parameters to some other pattern. In this study,

the pattern adopted was 5, 4, 3, 2, 1, and 0. Since time 0 is associated with 1998 MSPAP performance,

the intercept factor is interpreted as 1998 MSPAP status and a decrease in performance would be

expected from 1998 to 1993. This scaling was adopted because other school related information was

collected in 1998 and introduced into the analysis to explain variations in the 1998 MSPAP performance

and rates of change among schools. The intercept factor will be referred to as 1998 MSPAP performance

hereafter.

The structure or distribution of the residuals (Level 1 error models) is defined through constraints on

the parameters of the error variance-covariance matrix. The classical assumption of homoscedastic

independent errors can be defined by constraining the diagonal elements (variances) of the error variance

covariance matrix to be equal over time and off-diagonal elements (covariances) fixed at 0. This

assumption can be relaxed by allowing the variances to vary over time and/or estimating a certain pattern

to the error variances and covariances (e.g., compound symmetry or adjacent error covariances

estimated). In addition, all error variances and covariances can be estimated as in a fully parameterized

or unstructured error matrix. In Figure 2, independent but unequal error variances are assumed.

In order to estimate group level estimates of the intercept and slope latent variables for the Level 2

model, means for the latent variable intercepts and slope factors must be estimated. The general

covariance structure model accommodates such a parameterization and is often used when analyzing

longitudinal data or multiple populations. In order to estimate these types of models, the general

covariance structure model includes an intercept term as follows: Y = ti + An + e, where ti is a vector of

intercepts and is the E[Y] when = 0, and all other model parameters are defined as before. Note that

ti = 0 when deviations from means are analyzed.



Table 2 presents results from estimating the Level 1 model for the 116 schools. The chi-square

statistic for model-data-fit was 13.9 with 7 df (p=.053) indicating that the null hypothesis that the

variance-covariance matrix implied by the model equals the observed variance-covariance matrix could

not be rejected. It should be noted that the 1995 time-point, which represented an anomaly in Table 1,

was deleted from the analysis in order to attain an acceptable model-data-fit. As can be seen, the 1998

MSPAP performance (intercept factor) across the schools was 523.6 with a significant mean rate of

change (slope factor) over time of 2.77, although the rate of change was modest given the scale of the

test scores. Recall that the rate of change is associated with a decrease in performance from 1998 to

1993. Thus, this result suggests that there was a significant increase in performance from 1993 to 1998.

Also, the results in the table indicate that a non-linear rate of change was estimated in the model. The

chi-square difference between a model assuming linear change and the non-linear rate of change model

was significant (x2 difference equal to 8.12 with 2 df; p<.01) and is consistent with the results in Table 1.

A larger than average change was apparent between 1993 and 1994 (estimated coefficient of 3.3 versus a

fixed coefficient of 4), followed by a leveling off, and then a larger than average change between 1997

and 1998 (estimated coefficient of 1.8 versus a fixed coefficient of 1).

The variances for 1998 MSPAP performance and rate of change indicate significant variability in

these parameters across the school. However, the covariance between 1998 MSPAP performance and

rate of change was not significant and was thus fixed at 0. In order to investigate this last finding further,

an analysis in which 1993 MSPAP performance was the reference point was examined. This analysis

revealed a significant negative covariance between 1993 MSPAP performance and rate of change

(r = -.46). This indicated that higher rates of change were associated with lower initial performance in

1993. This suggests that the rate of change is more similar for schools in 1998 than in 1993 which may

be due to the observed decrease in variability in 1998 school performance as compared to 1993. Finally,

note that although a fully unstructured error model was not required, two covariances between errors for

the 1997 and 1998 MSPAP scores were significant and required estimation.

These results are very consistent with the previously presented results for the math content area

(Lane, Parke, and Stone, 1998). A similar modest (-2.70) but significant and non-linearity rate of change

was observed. In addition, the variances in the intercepts and slopes were significant and a similiar

significant correlation between 1993 MSPAP performance and rate of change variable was observed

(r = -.40).

The structural component of the structural equation model is used to reflect factors which are

hypothesized to explain variability in 1998 MSPAP performance (intercepts) and rates of change

(slopes): i1 = a + pi + where, ri is defined as above, a is a vector of population means for the latent

variables, 13 is a matrix of structural slopes for the effects among endogenous and exogenous n variables

(e.g., variables included to explain variablility in intercepts and slopes), and are structural residuals.
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Table 2: Results for the Level 1 Growth Model

Measure and variable Estimates SE T
Regression Coefficients:
Science93<- 1998 Performance 1

Science94<- 1998 Performance 1

Science96<- 1998 Performance 1

Science97<- 1998 Performance 1

Science98(- 1998 Performance 1

Science93 Rate of Change 5

Science94F Rate of Change 3.34 .31 10.78
Science96<- Rate of Change 2
Science97<- Rate of Change 1.80 .25 7.26
Science98<- Rate of Change 0

Latent Variable Means:
1998 Performance 523.6 2.10 248.85
Rate of Change -2.77 .24 -11.50

Variances/Covariances:
1998 Perform, Rate of Change 0
1998 Performance 473.95 65.68 7.22
Rate of Change 3.18 1.15 2.77
el 44.24 15.19 2.91
e2 75.45 12.61 5.99
e4 52.39 9.76 5.37
e5 73.90 13.81 5.35
e6 45.17 14.34 3.15
e4, e5 25.13 10.41 2.41
e5, e6 16.65 7.81 2.13

Figure 3 presents a Level 2 (Conditional) growth model for the present study. A school variable

(percent free lunch), and a limited number of variables from the teacher and student questionnaires were

introduced into the growth model to explain variability in 1998 MSPAP performance and rate of change

across the schools. The structural residuals are specified by the latent variables dl and d2 in the figure,

and the relationship between 1998 MSPAP performance and rate of change is estimated through these

two residual parameters. Note that, in theory, it would be possible to incorporate the confirmatory factor

analysis model for the questionnaires directly within the growth model rather than use the derived

variables. However, given the sample size in the present study, such a model was overly complex to be

estimated.

13
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I.

Table 3 presents the unstandardized regression coefficients for the variables introduced to explain

variation in 1998 MSPAP performance and changes in performance over time. The chi-square statistic

for model-data-fit was 37.13 with 26 df (p=.07) indicating that the null hypothesis that the variance-

covariance matrix implied by the model equals the observed variance-covariance matrix could not be

rejected. Other measures of model-data-fit included: RMSEA statistic = .06 which is within the

acceptable range (Browne and Cudeck, 1993) and NFI was .99. Note that for any effect that was not

significant or borderline significant, the parameter for the effect was fixed at 0.

Table 3 Results for the Level 2 Growth Model with School Level Covariates

Measure and Variable Estimates SE t

Regression Coefficients
Effects on 1998 Performance:

Percent Free Lunch -.79 .05 -15.19
Current Science Instruction 5.85 3.07 1.91
MSPAP Impact 0
MSPAP-Like Instruction -4.04 1.58 -2.55
Student Motivation 0

Effects on Rate of Change:
Percent Free Lunch 0
Current Science Instruction 0
MSPAP Impact -1.07 .40 -2.68
MSPAP-Like Instruction 0
Student Motivation -2.09 .63 -3.33

Variances:
1998 Performance 97.91 17.25 5.68
Rate of Change .97 .81 5.68

As can be seen, the variable Percent Free Lunch is significantly related to 1998 MSPAP

performance. Thus, increases in the percentage of students receiving free or reduced lunch is associated

with lower levels of MSPAP performance in 1998. The regression coefficients can be interpreted as any

unstandardized regression coefficient. For example, in the case of the Percent Free Lunch variable, one

unit change in this variable corresponds to a decrease of .79 units in 1998 MSPAP science scores. Other

variables explaining a significant or borderline significant amount of the variability in 1998 science

scores included the Current Science Instruction described by teachers and the Students indication of how

often they worked on MSPAP-like tasks in class. Note that Current Science Instruction as described by

students is not represented in the analysis. Both Current Science Instruction variables (teacher and

student perceptions) predicted significantly 1998 MSPAP science performance when included separately

in the model. However, when they were included simultaneously, the effects were attenuated.

121 6



Therefore, the student level variable was excluded since it was not as inclusive with regard to the

classroom instructional and assessment activities.

From the table, there is an apparent paradox between the direction of the relationship for Current

Science Instruction and student's perception of MSPAP-Like Instruction. With regard to the Current

Science Instruction, as teachers' instruction more closely reflected the Maryland Learning Outcomes and

reform-oriented problem types, higher 1998 MSPAP performance was observed. On the other hand,

students' perceptions of the degree to which they worked on MSPAP-like tasks were negatively related

with 1998 MSPAP performance. Given the question "...how often did you work on tasks like those on

MSPAP", students may have been focusing on the format of MSPAP tasks and not on the learning

outcomes reflected in the tasks. Thus, this may reflect a greater likelihood of schools with lower

performance using more MSPAP-like formatted tasks than schools performing at higher levels. Schools

performing at higher levels may be more successful at reflecting the science learning outcomes in a

variety of reform-oriented problem formats.

Two factors were also found to significantly explain variability in rates of change: MSPAP Impact

and the students' motivational level (How important is it for you to do well on MSPAP?). This indicates

that higher levels of teacher reports of MSPAP having a direct impact on instruction are associated with

greater rates of decrease in performance from 1998 to 1993 (or higher levels of rate of change in MSPAP

school performance from 1993 to 1998). In addition, greater levels in student motivation are associated

with greater rates of increase from 1993 to 1998. Finally, it is interesting to note that, although increases

in the percentage of students receiving free lunch is associated with lower levels of MSPAP performance

in 1998, corresponding increases were not significantly associated with rate of change in MSPAP

performance over time.

Finally, the variances in the table, in comparison with those in Table 2, can be used to determine how

much variability is explained by the factors. With regard to the variability in 1998 Science performance,

approximately 80% of the variance is accounted for by the three variables (1 - 97.91/473.95). With

regard to the variability in the rates of change, approximately 70% of the variance is accounted for by the

two variables (1 - .97/3.18).

It is important to note that the school sample size for this analysis was relatively small (n=116), and

therefore, the results should be interpreted cautiously and additional studies should be conducted.

However, it is interesting to note that very similar pattern in the findings were observed for the math

content area (Lane et. al.,1998). Although student level information was unavailable, the Percent Free

Lunch variable had a similarly significant negative effect (-.78) on math performance. For the Current

Math instruction factor, although not significant or borderline significant as in the present case, the

regression coefficient was similar in magnitude (6.9). Since the sample was smaller (n=86), the

difference in the significance of the findings could be due to lack of power. With regard to the factors

13
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introduced to explain variability in rates of change, the MSPAP impact variable was also found to

significantly explain variability (coefficient = -1.58) for changes in math MSPAP performance over time.

Discussion

The purpose of this paper was to explore the relationship between changes in MSPAP science scores

from 1993 to 1998 and classroom instructional and assessment practices, student learning and

motivation, students' and teachers' beliefs about and attitude towards MSPAP, and finally, school

characteristics. Several factors from each of these dimensions were observed to explain a significant

amount of the variability in 1998 performance of schools and rates of change over time. Thus, there is

some correlational evidence for the impact of the assessment program on classroom instructional and

assessment practices. As noted above, the results should be interpreted cautiously since the sample was

relatively small although cross validation of the results in other content areas provides some degree of

generalizability of the findings. Further, it should be emphasized that the cross validation of results in

the math content area involves a different set of schools.

In addition to increasing the sample size, the design of such a validity study could be improved by

measuring the outcomes in the present study concurrently with assessment performance over time. Thus,

changes in classroom instructional and assessment practices, student learning and motivation,

professional development, students' and teachers' beliefs about and attitude toward the assessment

program could be examined in connection with changes in assessment performance over time. Although

school characteristics may or may not change appreciably over time, these could be measured at one

time-point or considered to be constant. One of the advantages of estimating growth curve models in a

SEM framework is that more general analyses can be conducted, such as models with multiple outcome

variables with different growth processes.

Finally, the present study could be improved by examining the growth processes in a three level

model. The present study involved a two level model the unit of analysis involved measurements at the

school level and variability in the schools was examined. In a three level model, measurements at the

class level provide the repeated measurements at Level 1, variation in classes within schools is modeled

at Level 2, and finally, variation among schools is modeled in Level 3. It would be expected that

teachers would vary within schools and variables could be introduced to explain differences between

teachers as well as variables introduced to explain variation in schools.
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