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In recent years, computer-based testing (CBT) has grown in popularity, is increasingly
being implemented across the United States, and will likely become the primary mode
for delivering tests in the future. Although CBT offers many advantages over tradi-
tional paper-and-pencil testing, assessment experts, researchers, practitioners, and
users have expressed concern about the comparability of scores between the two test
administration modes. To help provide an answer to this issue, a meta-analysis was
conducted to synthesize the administration mode effects of CBTs and paper-and-
pencil tests on K—12 student reading assessments. Findings indicate that the adminis-
tration mode had no statistically significant effect on K-12 student reading achieve-
ment scores. Four moderator variables—study design, sample size, computer delivery
algorithm, and computer practice—made statistically significant contributions to pre-
dicting effect size. Three moderator variables—grade level, type of test, and computer
delivery method—did not affect the differences in reading scores between test modes.

Keywords: meta-analysis; computer-based testing; comparability of educational test
modes; K—12 reading tests

R

eading plays a prominent role in K-12 education and students’ futures. Read-
ing is the most frequently measured achievement construct (Stenner, 1996)

compared to the rest of regular curricula such as mathematics, science, social
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6 Educational and Psychological Measurement

science, and other subjects in K—12 education. It is part of most sets of content
standards including those developed by every state as well as the National Assess-
ment of Educational Progress. The importance of reading is also emphasized in the
No Child Left Behind (NCLB) Act, which requires content standards, academic
achievement standards, and aligned assessments at Grades 3-8 and at the high
school level. Many states have had to expand their assessment programs recently to
meet these requirements. Reading assessments measure the critical learning area to
be a competent citizen. Increasingly, these assessments are being conducted by
computer-based delivery systems. As information technology advances, computers
have become indispensable to facilitating classroom instruction and assessment,
and they are positively received by students and teachers.

The implementation of the NCLB Act has increased the stakes for testing.
Education stakeholders are exploring more efficient measurement tools in place of
traditional paper-and-pencil tests (PPTs). Many of them foresee the promise of
using computer-based testing (CBT) in their state assessment due to the advantages
of CBTs over traditional PPTs in terms of immediate scoring and reporting of stu-
dents’ test results, greater test security, test administration efficiency, flexible test
administration schedules, reduced costs compared to handling PPTs, the use of
multimedia innovative item types that are not feasible in the PPT format, audio and
large-print accommodations for vision-impaired students, and the ability to mea-
sure response time (Bennett, 2001, 2002; Boo & Vispoel, 1998; Folk & Smith,
1998; Klein & Hamilton, 1999; Parshall, Spray, Kalohn, & Davey, 2002; Schmit &
Ryan, 1993). CBT can be administered via computer in the offline setting, in net-
work configurations, or on the Internet. The application of CBT in state assess-
ments is justified by the widespread availability of computers in schools. In
addition, computer-based assessments have become a part of an integrated plan to
apply technology throughout the educational process at school district, state, and
national levels (Bennett, 2001, 2002; National Association of State Boards of Edu-
cation, 2001; National Center for Education Statistics, 2000; National Commission
on Excellence in Education, 1983).

Although CBT has gained in popularity for K—12 assessment in recent years, it
has been extensively investigated before in the areas of licensure and certification
tests. Some professional standards and guidelines have been well established to
guarantee the proper development and use of CBT. These professional guidelines
and standards address the issues regarding using CBT, including Guidelines for
Computerized Adaptive Test Development and Use in Education (American Coun-
cil on Education, 1995), Guidelines for Computer-Based Testing (Association of
Test Publishers, 2000), Standards for Educational and Psychological Testing
(American Educational Research Association, American Psychological Associa-
tion, & National Council on Measurement in Education [AERA, APA, & NCME],
1999), Guidelines for Computer-Based Tests and Interpretations (APA, 1986), and
International Guidelines on Computer-Based and Internet-Delivered Testing
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(International Test Commission [ITC], 2004). According to the ITC guidelines
(2004), major issues related to the application of CBT include computer hardware
and software technology, test materials and testing procedure quality, control of the
test delivery, test-taker authentication, prior practice, security issues of testing
materials, privacy, data protection, and confidentiality. The ITC guidelines also
emphasize the importance of guaranteeing that test developers, publishers, and
users have sufficient knowledge and competence to ensure the appropriateness of
using CBT. Test developers and publishers should ensure that psychometric stan-
dards have been met and evidence of the equivalence between the CBT and PPT
versions of a test has been provided.

Most important, both the Standards for Educational and Psychological Testing
(AERA, APA, & NCME, 1999) and the Guidelines for Computer-Based Tests and
Interpretations (APA, 1986) emphasize the significance of score equivalence. The
score equivalence between CBT and PPT is defined as follows (APA, 1986):

Scores from conventional and computer administrations may be considered equivalent
when (a) the rank orders of scores of individuals tested in alternative modes closely
approximate each other, and (b) the means, dispersions and shapes of the score distri-
butions are approximately the same, or have been made approximately the same by
rescaling the scores from the computer mode. (p. 18)

The Guidelines for Computer-Based Tests and Interpretations (APA, 1986) also
emphasizes the importance of eliminating irrelevant influences on test scores such
as computer anxiety and computer experience. The Standards for Educational and
Psychological Testing (AERA, APA, & NCME, 1999) suggests that evidence of
score equivalence should be provided to support any assertion that scores using dif-
ferent items or testing materials, different testing procedures, or test forms adminis-
tered in different formats are interchangeable.

The factors that lead to the administration mode difference between CBT and
PPT vary depending on different research studies. Some factors related to the pre-
sentation of items such as computer interface, item layout, and graphics in CBT
may result in differences in examinee performances between CBT and PPT. Maz-
zeo and Harvey (1988) noted that tests that required multiscreen, graphical, or com-
plex displays resulted in mode effects. Some computer-linked factors such as
screen size, font size, and resolution of graphics may change the nature of a task so
dramatically that CBT and PPT may no longer measure the same construct (McKee
& Levinson, 1990). In addition, Vispoel, Wang, de la Torre, Bleiler, and Dings
(1992) indicated that CBTs with or without item review do not necessarily yield
equivalent results with PPT. However, other studies (Vispoel et al., 1992; Wise &
Plake, 1989) showed that the inability to review and revise test response had a sig-
nificant negative effect on examinee performance. Mueller and Wasser (1977) also
suggested that item review was an important test-taking strategy that had a positive
effect on examinee performance.
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Test administration mode effects have been extensively studied. During the past
25 years, more than 300 studies have studied the test mode effects on intelligence,
aptitude, ability, vocational interest, personality, and achievement tests. However,
findings related to the score equivalence between CBT and PPT were not conclu-
sive. Some studies indicate that the CBT scores were equivalent to the PPT scores
(Bergstrom, 1992; Boo & Vispoel, 1998; Bugbee, 1996; Chin & Donn, 1991; Choi
& Tinkler, 2002; Evans, Tannehill, & Martin, 1995; Johnson & Green, 2004;
Neuman & Baydoun, 1998; Wang, Newman, & Witt, 2000), whereas other studies
indicated that the results from CBT and PPT could not be used interchangeably
(Godwin, 1999; Mazzeo & Harvey, 1988; Mead & Drasgow, 1993; Pommerich &
Burden, 2000).

From a test-taker’s perspective (Park, 2003), computerized assessment was
easier. The attitudes expressed by test takers were generally more positive toward
CBT than PPT (Wang, Young, & Brooks, 2004). Recent research (Russell, 1999;
Russell & Haney, 1997; Russell & Plati, 2001a, 2001b) suggested that some stu-
dents were more comfortable and accustomed to writing via the computer and that
CBT may be a better option than PPT to assess students’ writing ability.

Four previous meta-analysis studies (Bergstrom, 1992; Kim, 1999; Mead &
Drasgow, 1993; Wang, Jiao, Young, Brooks, & Olson, 2007) examined the CBT
and PPT mode effect on tests that measure general aptitude, ability, and achieve-
ment. Bergstrom (1992) compared the results of 20 comparability studies from
eight research reports; 12 studies represented tests of adults, and the remaining 8
studies represented results for K—12 students. After removing 5 studies that contrib-
uted to the heterogeneity of effect size (ES) because they had the largest dispropor-
tional sample sizes (unbalanced sample size) between PPT and CBT, the results of
the remaining 15 studies showed that the weighted mean ES between CBTs and
PPTs was not statistically significant. However, by examining a moderator variable
of mode order, the PPT had a higher mean score than the CBT when the examinee
took both tests.

In the Mead and Drasgow (1993) study, comparability studies between CBT
and PPT that measured young adults’ and adults’ cognitive ability were synthe-
sized. Among 159 cross-mode correlations after correcting for measurement error,
123 were from timed power tests and 36 were from speeded tests. The overall cor-
rected cross-mode correlation was .91, and the moderator variable of speededness
had a moderate effect on administration mode. The computer delivery algorithm,
that is, linear or adaptive computer tests, did not result in any differences between
CBT and PPT scores.

Kim (1999) synthesized 226 ESs from 51 primary studies that included ability
measures given as both PPT and either linear CBT or adaptive CBT. Among these
studies, 4% of the samples were from K—12 students and 96% of the samples were
from other educational institutes. This study reported, on average, that CBT and
PPT were equivalent and CBT seemed easier than PPT for high school students.
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The results also showed that the type of CBT (linear or adaptive) was the most
important variable when evaluating the equivalence between CBT and PPT and
that the equivalence between CBT and PPT held for mathematics or other cognitive
measures but failed for English tests and other subject tests (science, medical
knowledge, mechanical knowledge, education, etc.).

Goldberg, Russell, and Cook (2003) conducted a meta-analysis of mode effects
between CBT and PPT specifically on K—12 writing assessments. They synthesized
26 studies conducted from 1992 to 2002 and found that mean ES was significantly
higher for CBT than for PPT for quantity of writing and quality of writing. Their
results showed that students who used computers when learning to write were not
only more engaged and motivated in their writing, but also produced higher quality
written work. However, this meta-analysis focused more on instruction than on
assessment.

Wang et al. (2007) conducted a meta-analysis of CBT and PPT administration
mode effects on K—12 student mathematics tests. Both initial and final results based
on fixed- and random-effects models were presented. The results based on the final
selected studies with homogeneous ESs showed that the administration mode had
no statistically significant effect on K—12 student mathematics tests. Only the vari-
able of computer delivery algorithm contributed to predicting the ES. The differ-
ences in scores between test modes were larger for linear tests than for adaptive
tests. However, such variables as study design, grade level, sample size, type of
test, computer delivery method, and computer practice did not lead to differences
in student mathematics scores between CBT and PPT modes.

In addition to these meta-analyses, Mazzeo and Harvey (1988) conducted a
review of the literature about the equivalence of scores from automated and con-
ventional educational and psychological tests. However, limited ESs of CBT and
PPT were reported only for two particular psychological tests.

Although previous studies provide insights into the effects of test administration
mode on different achievement and ability measures of K—12, postsecondary, and
adult learners, none of them specifically focused on K—12 students and their read-
ing achievement and ability. The unique features of computerized reading tests—
such as built-in features of CBT related to scrolling text, going back and forth to
items of a particular passage in a testlet form, highlighting a passage, dealing with
pop-up notes, zooming, and so forth—might cause difference between test modes.
Given the fact that the findings from previous CBT and PPT comparability studies
were not consistent and the focus of the previous meta-analysis of administration
mode effects between CBT and PPT were not on K—12 students’ reading assess-
ment, it is necessary to synthesize the results from comparability studies that focus
on K—12 students’ reading assessments.

In addition, given the fact that more and more tests are now being administered
because of the requirements of the NCLB Act on state assessment programs, it is
crucial to understand better the impact of different test administration modes on the

Downloaded from http://epm.sagepub.com at SAGE Publications on September 9, 2009


http://epm.sagepub.com

10 Educational and Psychological Measurement

scores. Furthermore, there is an increasing need from test developers’, test publishers’,
and test users’ points of view to know the direction and magnitude of the effects of
the computer mode on K—12 students’ reading achievement and ability across studies.

The purpose of this study is to synthesize the impact of administration mode on
K-12 student reading tests. This study is a companion piece to Wang et al. (2007)
and closely follows the aims and methodology of this earlier work. The current
study focuses on K—12 students and the comparability of their test scores from
CBT and PPT reading tests.

Method
Sample

Literature searches were manually and electronically conducted related to both
published and unpublished studies of the CBT and PPT administration effects on stu-
dents’ test results. To avoid the biased retrieval of searching only major journals and
readily retrievable studies, an exhaustive list of articles was selected by means of mul-
tiple procedures. The major sources of the literature search included the following:

e Journals (both e-journals/journals on CDs and manual searches, 1980-2005): Applied
Measurement in Education, Applied Psychological Measurement, Journal of Educa-
tional Measurement, Educational and Psychological Measurement, Psychological
Methods, Psychological Bulletin, Journal of Technology, Learning, and Assessment,
Computers in Human Behavior, and Computers & Education.

e Databases (1980-2004): ERIC, Academic Search Elite, Expanded Academic ASAP,
Ingenta, PsycINFO, Dissertation Abstracts, ProQuest, and Ovid.

e Test publisher Web sites: ETS, ACT, CTB, Harcourt, Pearson, Prometric, Riverside
Publishing, University of Iowa’s ITBS, departments of education (state and federal),
and Web search engines (Google and Yahoo) with the keywords “computer-based

tCSt,” « 9 » “adminis-

tration mode effect,” ‘“‘equivalence study,
students reading tests,”” and others.

computerized test,

2 <

computer-based and paper-and-pencil tests,
comparability study,” “mode effect on

2 < 2

e Manual searches in a university library.
e Personal contacts.

The initial literature search resulted in 312 articles.

Criteria for Study Inclusion

A study was included in this review only if it was possible to calculate an ES
estimate of the difference in reading scores between the CBT and PPT for K-12
students. Because multiple results may be reported from the same study, the choice
had to be made to see if these results could be treated as if they were from separate
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independent studies. After carefully examining each of the studies, it was found
that almost all multiple results reported for the same study used student samples
from different grades. Because there was no dependence of scores within a single
outcome measure for each result, it is reasonable to treat multiple results as though
they were from separate independent studies. Each study had to meet the following
inclusion criteria:

e The study had to be conducted between 1980 and 2005.

e The samples of study had to be drawn from the K—12 student population, and the
within-group sample size had to be larger than 25.

e The study should have quantitative outcome measures (mean and standard deviation)
of one of student achievement, aptitude, or ability of reading on both CBT and PPT.

e The study should have the design to compare the scores from both CBT and PPT.

e The test language in the study must be English because the major target population
(U.S. K-12 students) in this report uses English.

These criteria yielded a sample of 11 primary studies that contained 42 indepen-
dent experiments or data sets. A descriptive summary of the individual studies
included in this review is presented in Table 1. The selected studies are marked
with an asterisk in the references.

Moderators

The following four category attributes were coded to describe each study:

1. Attributes of the article: publication name, year of publication, and publication type.

2. Attributes of the test: test name, type of test, test content, test length, computer deliv-
ery method, and computer delivery algorithm.

3. Characteristics of the study: design of study, test mode balance, outcome measure, and
computer practice availability.

4. Attributes of the sample: sample size, target population or grade, and whether
information was included about gender, ethnicity, school setting, and students’
socioeconomic status.

Each study was reviewed by two researchers. The potential moderator variables
were coded independently by the two researchers. Intercoder agreement ranged
from a low of 89% for the characteristics of the study to a high of 99% for the attri-
butes of the article. Disagreements were resolved through discussion.

Issues of ES Estimation Procedures

In this study, 22 out of 42 studies (more than half) used repeated-measures
designs in which the same students were tested under both CBT and PPT conditions
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with either counterbalancing or random assignments to either of the two modes. The
issue of whether ES across independent-groups (between-subjects) designs and
repeated-measures (within-subjects) designs are comparable should be carefully
considered. Previous studies (Dunlop, Cortina, Vaslow, & Burke, 1996; Morris &
DeShon, 2002) suggested the ESs from two designs should not be combined unless
the researcher can justify doing so based on rational analysis. To estimate ES for
the repeated-measures design, both Becker (1988) and Dunlop et al.’s equations
need correlation between the experiment and control groups. However, most of
these studies that used the repeated-measures design did not present the correlation
information. Therefore, in this study, the ES must be estimated from the mean and
standard deviation. The consequence of using test statistics that do not take the cor-
relation between the measures into account is the overestimation or inflation of the
ES. Therefore, the overall result of the calculated ESs that ignore the distinction
between these two types of designs can be regarded as the upper bound of the
actual ESs.

Data Analysis

Because the purpose of this study is to examine the difference of test scores
across modes, the d-type ES is preferred over the r-type ES. The standardized mean
difference, as ES represents a standardized group (CBT vs. PPT), contrasts on an
inherently continuous measure (reading score). The ES is calculated based on
Hedges’s (1981, 1987; Hedges & Olkin, 1985) g formulations of meta-analysis,
which ignores the difference between research designs completely (Dunlop et al.,
1996). It is the mean difference d between the CBT and PPT test scores, divided by
the pooled standard deviation. A positive ES indicates that CBT has a higher score
than PPT on the reading test in question. Regardless of the research design used,
the g statistics overestimate the population ES, especially for smaller sample sizes,
so the g is converted to d to correct bias (Hedges & Olkin, 1985).

The standardized mean difference or ES g for any individual study is defined
(Hedges, 1981; Hedges & Olkin, 1985) as follows:

Mcpr — Mppr
g=—cn (1)
sD,

where Mgy and Mppy are the means of CBT and PPT scores and SD,, is the pooled
estimate of the standard deviation,

, (2)

SD, = (nesr — I)Sd%BT + (nppr — I)Sdl%PT
! nesr + nppr —2

where ncgt and nppr are the sample sizes of CBT and PPT and sdcgt and sdppr are
the standard deviations, respectively. The transformation of g to d (unbiased ES)
corrects for small sample size bias:
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d:g(1—41\,3—_9), 3)

with the estimate of sampling error variance of the d statistics if sample sizes are
quite unequal (Hedges & Olkin, 1985):

2
nepr + nppr n d

var(d .
(@)= ncpThpPT 2(ncpr + nepr)

(4)

Because each of the independent studies shares a common d of ES and studies
vary in sample size, the d estimated based on a large sample size is more precise
than the d from a small sample size. Common practice is to give the study with a
large sample size more weight than the study with a small sample size. One of the
weighting approaches is to weigh estimators by giving weight inversely propor-
tional to the variance in each study (Hedges & Olkin, 1985). The weight w; for
study i gives optimal weight that minimizes the variance of d;:

1

- var(d;) )
Then, d,, of weighted mean ES can be expressed as follows:
Z diw; Z d;/var;
SRS Sy ©)

Statistical significance of the mean ES is assessed by calculating the 95% confi-
dence interval (CI) for the population parameter. A significance level of .05 is used
to indicate the significance when zero is not within the 95% CI.

The homogeneity of ES needs to be evaluated before the final conclusion can be
drawn. The consistency of the results in different studies can be analyzed by the
homogeneity test using Q statistics:

0= Z”’ )’ 7)

var;

The large-sample statistic Q is approximately distributed as a y? distribution
with degrees of freedom = number of ds — 1. If the null hypothesis that all ds are
equal is rejected, the estimated ds should not be pooled because they do not esti-
mate the same parameter. Then those studies that cause the heterogeneity of the
selected studies are carefully examined and excluded from the analysis. The homo-
geneity test is rerun using Q statistics until the remaining studies have homoge-
neous ESs. Once the remaining studies have homogeneous ESs, the significance
test of the mean ES between CBT and PPT is rerun. The conclusion is drawn based
on the homogeneous ESs.
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Results
Sample of Studies and Data Sets

The characteristics of the selected studies included in this meta-analysis study
are summarized in Table 2. Most studies were conducted in 2004, which reflected
the current trend of increase in using CBT. The majority of the studies were confer-
ence presentations and research or technical reports from testing companies or
research organizations. More than 80% of the samples used in these studies were
from middle schools and high schools. More than 70% of the studies used an
experimental design with randomization. Test mode order was considered in about
90% of the studies. More than half of the studies used a sample size larger than
400. The other half used a sample size from 100 to 400. Three types of tests—
national achievement tests, national aptitude/ability/diagnostic tests, and state-
specific tests—encompassed the majority of the studies. About 83% of the CBTs
used the fixed linear delivery algorithm. Only about 16% of the included studies
used the computerized adaptive testing algorithm. More than 45% of the CBTs
were administered on individual PCs. Others were administered either on the Inter-
net or on the local network/Web. About 90% of the included studies reported no
PC experience of students who participated in the comparison study. The other
samples had previous PC experience.

Weighted ESs and Homogeneity Analysis

The summary of the study ESs (Hedges g and unbiased d) given in Table 3
allows a determination of whether students’ reading test scores differed by using
different administration modes. Based on Equation 1, a negative ES (g or d) indi-
cates that CBT has a lower score than PPT; a positive g or d indicates that CBT has
a higher score than PPT. Among the 42 studies, the 95% ClIs for 12 (28.6%) of the
studies did not contain zero, which means that the differences between CBT and
PPT were statistically significant. The fixed-effects estimate of the overall weighted
mean d,, was —.077 with a 95% CI of [ —.094, —.060]; thus, this estimate was sta-
tistically significant at the o level of .01 (p =.000). This indicates that examinees
scored significantly higher on PPT than on CBT. Because of the diverse character-
istics of the studies included in this analysis, the fixed-effects model showed that
the homogeneity of ESs for the 42 studies was rejected, Q(41) =356.54, df =41,
p < .01. Although ESs are statistically significant, all of them can be classified as
practicably negligible per Cohen (1988) criteria on ES (less than .2 is negligible,
.2 is small, .5 is medium, and .8 is large).

If the distribution of ESs is assumed to be heterogeneous based on the fixed-
effects model, then a random-effects model is fitted to the data. The random-effects
model assumes that the variability among ESs is the combination of both sampling
errors and differences in true population ESs (Lipsey & Wilson, 2001). After fitting
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Table 2
Descriptive Summary of Study Attributes

Attributes Value

Study characteristics

Mean year of study (range = 1988-2005, SD = 3.46 years) 2002.79
Median year of study 2004
Mode year of study (70%) 2004
Publication type (%)

Refereed journal paper 18.9

Conference presentation 459

Research/technical report 35.1
Sample grade (%)

Elementary school 24.3

Middle school 18.9

High school 48.6

Others 8.1

Characteristics of moderators

Design (%)

Quasi-experimental/nonrandomized 28.6

Experimental/randomized 71.4
Sample size (%)

50 <N <100 7.1

100 < N <200 9.5

200 < N <400 31.0

400 <N 524
Test type (%)

National achievement test 28.6

National aptitude/ability/diagnostics test 45.2

State-specific test 19.0

District/school-specific test 24

Unspecified 4.8
Test mode order considered (%)

Yes 89.2

No 10.8
Computer delivery algorithm (%)

Linear (fixed) 83.3

Computerized adaptive testing 16.7
Computer administration method (%)

Individual PC 47.6

Local network/Web 7.2

Internet 35.7

Unspecified 9.5
Outcome measure type (%)

Raw score 88.1

Scale score 11.9
PC experience (%)

Yes 9.5

No 90.5
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Table 3
The Effect Sizes (Random Effects) of
All Studies (N =42, Q =356.54,df =41, p < .01)

Author Sample

(Publication Year) Study ID  Grade Pooled SD Hedges g Unbiased d 95% CI *
Arce-Ferrer et al. (2004) 1 5 8.029 0.102 0.102 0.17/0.03 *
Eignor (1993) 2 9-12 17.820 0.053 0.053 0.22/-0.12
Eignor (1993) 3 9-12 17.367 0.014 0.014 0.18/-0.15
Ito et al. (2004) 4* 4,5 3.861 —0.308 —0.308 —0.22/—-0.39*
Ito et al. (2004) 5° 4,5 4.166 —0.562 —0.562 —0.48/—0.65*
Ito et al. (2004) 6" 6,7 4.027 —0.308 —0.308 —0.21/-0.40*
Ito et al. (2004) 7 6,7 3.991 —0.418 —0.418 —0.32/-0.51%*
Ito et al. (2004) 8" 8,9 4.248 —0.388 —0.388 —0.26/—0.51*
Ito et al. (2004) 9? 8,9 4.022 —0.211 —0.211 —0.09/—0.34 *
Ito et al. (2004) 10 10, 11 4.019 —0.002 —0.002 0.15/-0.16
Ito et al. (2004) 11 10, 11 4.049 —0.151 —0.150 0.01/-0.31
Ito et al. (2004) 12 11,12 4.358 —0.124 —0.124 0.04/-0.29
Ito et al. (2004) 13 11,12 4.136 —0.206 —0.205 —0.04/—-0.37 *
Kingsbury et al. (1988) 14 3-8 15.773 0.174 0.174 0.31/0.04 *
Kingsbury (2002) 15 4 12.200 0.007 0.007 0.08/—-0.07
Kingsbury (2002) 16 5 12.538 —0.018 —0.018 0.05/—-0.09
Poggio et al. (2005) 17 5 10.072 —0.061 —0.061 —0.01/-0.11*
Poggio et al. (2005) 18 8 8.752 0.001 0.001 0.05/—0.05
Poggio et al. (2005) 19 11 9.906 —0.018 —0.018 0.08/—0.12
Poggio et al. (2005) 20 5 9.046 0.048 0.047 0.19/-0.09
Poggio et al. (2005) 21 8 9.022 0.154 0.154 0.30/0.01 *
Pommerich (2004) 22 11,12 7.254 —0.145 —0.145 —0.05/—0.23 *
Pommerich (2004) 23 11,12 7.120 —0.029 —0.029 0.06/—0.12
Pommerich (2004) 24 11,12 7.011 —0.036 —0.036 0.05/-0.12
Pomplun et al. (2002) 25 10-12 27.380 0.064 0.063 0.35/-0.22
Pomplun et al. (2002) 26 10-12 28.880 0.045 0.044 0.33/-0.24
Pomplun et al. (2000) 27 11-12 24.808 0.019 0.019 0.32/-0.28
Pomplun et al. (2000) 28 11-12 37.139 —0.116 —0.115 0.16/—0.39
Schwartz et al. (2003) 29 4-9 10.343 —0.058 —0.058 0.09/-0.20
Schwartz et al. (2003) 30 4-9 9.823 0.112 0.112 0.25/-0.03
Wang et al. (2004) 31 2 15.600 —0.152 —0.151 0.10/-0.40
Wang et al. (2004) 32 3 16.697 0.018 0.018 0.21/-0.18
Wang et al. (2004) 33 4 16.173 —0.030 —0.030 0.15/-0.21
Wang et al. (2004) 34 5 13.573 0.029 0.029 0.20/-0.14
Wang et al. (2004) 35 6 13.277 0.035 0.035 0.20/—-0.13
Wang et al. (2004) 36 7 14.651 0.029 0.029 0.19/-0.13
Wang et al. (2004) 37 8 13.492 0.001 0.001 0.16/—0.15
Wang et al. (2004) 38 9 11.114 0.065 0.065 0.28/-0.15
Wang et al. (2004) 39 9 13.891 0.022 0.022 0.23/-0.19
Wang et al. (2004) 40 10 13.554 0.037 0.037 0.20/—0.13
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Table 3 (continued)
Author Sample
(Publication Year) Study ID Grade Pooled SD Hedges g Unbiased d 95% CI *
Wang et al. (2004) 41 11 13.212 0.040 0.040 0.21/-0.13
Wang et al. (2004) 42 12 12.317 0.009 0.009 0.18/—0.16

Note: Negative effect sizes (gs or ds) indicate that the CBT had a lower score than the PPT, and posi-
tive gs or ds indicate that the CBT had a higher score than the PPT. CI=confidence interval;
Q =homogeneity of ds.

a. Indicates the excluded study.

* Represents statistically significant effect size.

a random-effects model, the test of homogeneity of ESs and outlier analysis were
conducted to evaluate whether the overall ES was homogeneous when the most
deviant study outcomes were excluded from computing the mean effect. After
removing 6 studies that had the largest differences of sample sizes between CBT
and PPT, the null hypothesis of the homogeneity of the ESs for the selected 36
studies was no longer rejected at the o level of .01: Q(35)=54.75 and p=.018.
The random-effects estimate of the overall weighted mean d,, for the full sample
was —.060 with a 95% CI of [—.114,—.006] and was statistically significant at the
o level of .01 (p=.028). The d,, based on the selected sample, however, was
—.004 with a 95% CI of [—.031, .023] and was no longer statistically significant at
the o level of .01 (p =.782), which indicates that examinees’ performance on PPT
was not significantly better than their performance on CBT.

Besides traditional statistics concerns, the rationale to remove six samples from
our study is that for these six samples, CBT consistently displayed a pattern of stea-
dily increasing percentages of unrecorded responses because of speededness. The
author reported that between 9% and 17% of students responded in the CBT survey
that they did not have enough time to respond to all the test items. This phenom-
enon is really unusual for a general standardized achievement test. Although there
are time limits, most achievement tests are power tests, not speeded tests.

Moderator Analysis

Because the statistically significant variability or heterogeneous distributions in the
ESs across studies were not due to random error but to moderator variables, it is
important to determine the condition under which the ESs may vary. The weighted
multiple regression analysis with the random-effects model can be used to evaluate
moderator variables (Lipsey & Wilson, 2001). The effect of individual moderators on
the ES is investigated. The statistically significant moderators include study design,
sample size, computer practice provided (all three with negative coefficients), and
computer delivery algorithm (with a positive coefficient). The rest of the moderators
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Table 4
The Results of Meta-Analysis Modified Weighted Multiple Regression
Variable B SE —95%CI  95% CI V4 pvalue  Beta
Constant 1.06  0.18 0.71 1.42 5.86 .00 .00
Study design —0.16  0.04 -0.23 —0.08 —4.15 .00 —.49
Grade level —-0.01 0.01 —0.03 0.01 —1.30 .19 —.10
Sample size —-0.13  0.03 —0.18 —0.07 —4.70 .00 —.44
Type of test —0.04 0.02 —0.07 0.00 —1.90 .06 —.19
Computer delivery method 0.01  0.01 —0.02 0.03 0.45 .66 .05
Computer delivery algorithm 0.05 0.01 0.02 0.07 3.39 .00 22
Computer practice provide —-0.07  0.03 —0.12 —0.02 —2.89 .00 —.24

(grade level, type of test, and computer delivery method) were not statistically signifi-
cant, and this suggests that they were not statistically significant in contributing to pre-
dicting the ES.

The section related to the homogeneity analysis in Table 4 presents the Q statis-
tics for the model and the Q statistics for the residual. The former indicates if the
regression model explains a significant portion of the variability across ESs, and
the latter indicates if the remaining variability across ESs is homogeneous. For this
study, the regression model explained a significant portion of the variability across
the ESs (p <.01), and the remaining variability across ESs was homogeneous. In
total, the 10 moderators (predictors) accounted for 33.3% of the total variance in
the dependent variable, which was the ES. The effect of individual moderators on
ES was also provided. The study design, sample size, and computer practice pro-
vided are significant moderators with negative coefficients, which means that
providing information or not systematically affected the ES. The negative Beta
indicates that studies providing such information tended to have greater ESs than
those not providing information. Another significant moderator is the computer
delivery algorithm with a positive coefficient, which means that the mean ES of the
linear fixed-form algorithm is relatively higher than those of the computerized
adaptive test algorithm. Among the rest of the moderators (study design, sample
size, type of test, computer delivery method, computer practice provided, publica-
tion type, and ethnicity), none were statistically significant.

Summary

This meta-analysis study specifically focused on the effect of test administration
mode on K-12 students’ reading achievement and ability tests. The initial results
based on the 42 ESs using both fixed-effects and random-effects models showed
that the Q statistics of the homogeneity test rejected the null hypothesis of homoge-
neity of ESs and that the estimate of overall weighted mean ES d,, was statistically
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significant. After removing 6 studies based on outlier analysis, the null hypothesis
of homogeneity of ESs for the remaining 36 studies was no longer rejected. The varia-
bility across the ESs did not exceed what would be expected from sampling errors
based on the random-effects model. The conclusion from the meta-analyses of the 36
homogeneous studies conducted in the last 20 years was that the difference between
students’ reading achievement scores from CBT- and PPT-administrated tests was not
statistically significant. This result is consistent with the findings from our previous
study on mathematics (Wang et al., 2007). The statistically significant moderators
include study design, sample size, and computer practice provided with negative coef-
ficients, and computer delivery algorithm with a positive coefficient. The rest of the
moderators (grade level, type of test, and computer delivery method) were not statisti-
cally significant, and this suggests that they were not statistically significant in contri-
buting to predicting the ES.

Kolen and Brennan (1995) suggested that factors that affected the validity of
CBTs are likely test specific. Therefore, analyses for mode effect are necessary for
any test offered in both modes. Green, Bock, Humphreys, Linn, and Reckase
(1984) believed that CBT and PPT are equally valid only if they have been demon-
strated to yield equivalent measures. Other researchers reaffirmed the need to deter-
mine empirically the equivalence of CBT and PPT. To achieve score equivalence
between CBT and PPT versions of the same test, all studies agreed that the forms
must be scrutinized to the same degree as would be required for the construction of
parallel test forms. When a CBT has been designed to be used and interpreted as a
parallel version to an existing PPT, equivalences in terms of item characteristics,
scores, test constructs, and examinee behavior between the two versions of the test
can be used as evidence of the validity for CBT (Green et al., 1984; Parshall et al.,
2002). In addition to the factors mentioned above, the effect of mode on passing
rate for a given achievement level and score distribution should also be investi-
gated. In practice, it will put a lot of burden on test practitioners and test users to
verify the equivalence between CBT and PPT every time they create a new CBT
form. Because meta-analysis can generalize the results from multiple comparability
studies, the results from meta-analysis will provide an overall view of the equiva-
lence between CBT and PPT. However, this does not mean that comparability
studies are not needed in specific circumstances.
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