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Abstract:

This article describes selected results from the 2001 Math Online (MOL) study, one
of three field investigations sponsored by the National Center for Education Statistics
(NCES) to explore the use of new technology in NAEP. Of particular interest in the MOL
study was the comparability of scores from paper- and computer-based tests. A nation-
ally representative sample of eighth-grade students was administered a computer-based
mathematics test and a test of computer facility, among other measures. In addition, a
randomly parallel group of students was administered a paper-based test containing the
same math items as the computer-based test. Results showed that the computer-based
mathematics test was significantly harder statistically than the paper-based test. In addi-
tion, computer facility predicted online mathematics test performance after controlling
for performance on a paper-based mathematics test, suggesting that degree of familiarity
with computers may matter when taking a computer-based mathematics test in NAEP.
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Introduction

In 2006-2007, 23 states were reported to offer computer-based assess-
ments to measure achievement in U.S. schools (Bausell & Klemick, 2007).
One state, Virginia, offered online tests in over a dozen subjects, admin-
istering approximately 1.5 million such assessments that school year (R.
Triscari, personal communication, 6/19/07).

Projecting the emergence of electronic delivery, the National Center
for Education Statistics (NCES) in 1999 commissioned three field studies
to investigate the implications of computerized testing for the National
Assessment of Educational Progress (NAEP). NAEP, called the “Nation’s
Report Card,” periodically evaluates what fourth-, eighth-, and twelfth-
grade students know and can do in a variety of school subjects. The field
studies commissioned by NCES were conducted in mathematics, writing,
and problem solving with technology. Results of the Writing Online study
were reported in Horkay, Bennett, Allen, Kaplan, and Yan (2006), and
the outcomes of the Technology-Rich Environments study can be found
in Bennett, Persky, Weiss, and Jenkins (2007). The current paper reports
selected results from the Mathematics Online (MOL) study, in partic-
ular those results concerning the comparability of scores across delivery
modes.

Comparability is important because if delivery mode affects scores,
NAEP’s ability to draw valid conclusions from test results may be reduced:

« If results are to be compared over time and the delivery mode
has changed from paper to computer;

« If results are to be aggregated across individuals when some
individuals have taken the test on paper and others have taken
it on computer (especially if the assignment to modes was not
voluntary); or
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« If groups taking the test on computer are to be compared with
one another and computer delivery affects one group more than
another (such that between-group score differences become
larger or smaller than they were for paper assessment).

At the K-121evel, Wang, Jiao, Young, Brooks, and Olson (2007) synthe-
sized much of the available research through a meta-analysis of 38 effect
sizes, finding no significant difference in mean performance between com-
puter and paper mathematics tests. The available studies, however, were
limited in important ways, including that most were unpublished and
presumably not peer-reviewed, most used multiple-choice items only, the
majority of the effects came from three investigations, and the represen-
tativeness of examinee samples was not considered.

Given the relatively small number of published studies, it is not sur-
prising that results for population groups are rare. Among the published,
peer-reviewed studies providing population-group results is that of Poggio
Glasnapp, Yang, and Poggio (2005). These investigators reported findings
from a sample of 644 grade 7 students who volunteered to be tested on a
state mathematics assessment in both paper and computer modes. The
main effect for test mode was not significant and no significant interactions
of test mode with gender, socio-economic status, or academic placement
(special education, general education, gifted education) were detected.

Also rare are published studies of the effect of computer familiarity
on mathematics test performance. Russell (1999) assessed several small
groups of students from two local schools, including one group randomly
assigned to take six open-ended math items on computer and another
group to take the same items on paper. All students were also adminis-
tered a test of keyboarding skill. Russell found that, compared to a paper
test, taking a constructed-response mathematics test on computer had a
negative effect on scores but that this effect moderated as keyboarding
skill increased.

In the current study, three main questions were addressed:

+ Do students perform differently across modes at the total score
and item level?

+ Does mode differentially affect the overall performance of
particular NAEP reporting groups (e.g., those categorized by
gender or race/ethnicity)?

+ Does computer familiarity appear to have an impact on online
test performance?
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Method

Participants

The target population consisted of eighth-grade students enrolled in
public and private elementary and secondary schools in the United States.!
A nationally representative, multi-stage, probability sample was selected.
The procedure and sample are described briefly here with additional detail
given in Appendix A.

In the first stage, the primary sampling units (PSUs) were counties
or groups of counties. Middle and secondary schools were the sampling
units in the second stage. In the third stage, schools were assigned to
testing conditions. Because it would be costly to transport computers to a
school to test only a few students, all schools were assigned to take part in
both computer and paper-and-pencil conditions, with the exception of
two very small schools that were assigned to administer paper-and-pencil
only. Finally, in the fourth stage, students were randomly selected. In those
schools selected to administer under both testing conditions, the selected
students were assigned randomly to the online or paper-and-pencil forms.
For all schools, students in the paper-and-pencil condition were assigned
randomly to one of three parallel forms, only one of which was used in the
analyses reported in this paper.

Students were tested in April and May of 2001. Those assigned to the
online condition took the MOL test on school computers via the Internet
or on disconnected NAEP laptops brought into schools. Sixty-two per-
cent of students were assessed on laptop computers. All administrations,
whether paper or online, were proctored by NAEP staff.

One hundred ten of the 129 sampled schools (87 percent) participated
in the online condition and 108 of 131 sampled schools (83 percent) took
part in the paper condition.? Of the 1,297 students sampled for the online
condition, 1,072 students participated (84 percent). Of these 1,072 stu-
dents, 56 were nonrespondents because of technology problems, reducing
the tested sample to 1,016 participants. In the paper condition, 954 of
1,680 sampled students participated (83 percent). On average, 9 eighth-
grade students per school were assessed on computer and approximately
26 were tested on paper.
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Table 1 gives the weighted percentages of students by gender and race/
ethnicity for each study condition. Also included for comparison purposes
are the analogous percentages for the much larger, nationally represen-
tative sample participating in the 2001 main NAEP mathematics assess-
ment (Braswell, Lutkus, Grigg, Santapau, Lim, & Johnson, 2001). As the
table indicates, the study samples are generally comparable to one another
and to the 2000 main NAEP nationally representative sample.

Table 1: Percentages of Students by Gender and Race/Ethnicity for Study
Conditions and for the 2000 Main NAEP Mathematics Assessment
Group (N1.016) Noosa) | Naeea
Gender
Male 49 51 51
Female 51 49 49
Race/Ethnicity
White 67 66 67
Black 13 14 13
Hispanic 14 14 14
Asian American/Pacific Islander 5 4 4
American Indian 1 1 2

NOTE: MOL=Math Online. P&P=Paper and Pencil. Race/ethnicity data are based on student questionnaire
responses. Gender data are based on school records.
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Instruments
All study participants took:

« a paper-and-pencil block of mathematics questions, administered
first. The paper-and-pencil block contained 20 multiple-choice
items from the NAEP 2000 mathematics assessment. The block
was used for scaling purposes and also as a covariate in selected
analyses.

« a background questionnaire to gather information about
demographics and computer experience, presented last. The
background questionnaire contained 30 questions with a
20-minute time limit.

After the initial math paper block, students taking the computer-based
test (hereinafter referred to as MOL) received:

+ an online tutorial in how to use the computer to complete the
test. The online tutorial included instruction and practice in
clicking on choices, clicking to shade or darken regions, moving
back and forth between screens, correcting errors, and typing
answers and explanations. The tutorial also had embedded tasks
to provide a measure of the student’s computer skill. The tutorial
was split into two portions: a basic portion that preceded
the test and a calculator portion that preceded the third test
section. (The tutorials can be viewed at http://nces.ed.gov/
nationsreportcard/studies/tbatutorial.asp#mol.)

« online mathematics questions, drawn from the existing NAEP
item inventory and presented in three sections. Students
were given paper to use for scratch work in answering these
questions. There were 26 questions: 16 multiple choice, 8 short
constructed response, and 2 extended constructed response. The
time allowed for each section was 15 minutes and the number
of questions per section was 10, 9, and 7, respectively. The
third section permitted use of an on screen, scientific calculator
modeled in layout and functionality after the handheld
calculator used in main NAEP mathematics assessments. The on
screen calculator was available to students throughout the test
section, though it was intended to be helpful for solving only
some of the items in that section.

After the initial paper block, students taking the paper test took a
form, referred to here as “P&DP,” that contained the same three sections of
26 mathematics questions as the online test, with the same time limits.
The third section of this test permitted the use of a handheld, scientific
calculator provided by NAEP administrators.


http://nces.ed.gov/nationsreportcard/studies/tbatutorial.asp#mol
http://nces.ed.gov/nationsreportcard/studies/tbatutorial.asp#mol
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Table 2:

Because the paper and computer tests were comprised of the “same”
items, the two forms were putatively identical in their mathematical con-
tent. However, because those items were originally written for paper pre-
sentation, some items needed to be changed for computer delivery. The
overwhelming majority of items were changed minimally in their presen-
tation (e.g., on paper, figures typically were placed above the question text,
whereas on computer they were placed to the left of the text; wording for
some items was changed from “make a mark ...” to “click on...”). Four items
needed to be adapted more noticeably. Several of these instances are dis-
cussed in the Results section of this paper.

Table 2 provides an overview of the instruments and student samples.
From the table, it should be clear that different, randomly parallel student
groups took the same test, one group on computer and the other group on
paper. In addition, both groups took a common initial block of items on
paper. Performance on the initial paper block provides a convenient mech-
anism for checking the equivalence of the samples. The raw-score means
were 12.4 and 12.3, for the MOL and P&P samples, respectively.

Instruments Administered to Each Student Sample

Sequence | MOL (N =1,016) P&P (N =954)
1 Initial paper block (20 items) Initial paper block (20 items)
2 Online tutorial T
Online test (26 items) with .
3 embedded calculator tutorial Paper test (P&P) (26 items)
4 Background questions (30 items) | Background questions (30 items)

1 Not applicable
NOTE: MOL=Math Online. P&P=Paper and Pencil .
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Procedure

Constructed-response Scoring

The test administered to each sample contained 10 constructed-
response questions. A team of trained raters scored responses to these
items. Raters used the rubrics and sample answers that had been devel-
oped for the items when those items were used in NAEP paper assess-
ments. Where needed, supplemental training responses were printed from
the online versions of the questions.

A single team scored both the online and the paper responses to each
item. Responses written in test booklets were scored on paper; those com-
pleted on computer were presented to raters for scoring on computer.

A random sample of approximately 25 percent of the responses was
double-scored to compute inter-rater reliability. The median exact agree-
ment was 95 percent for P&P (range = 80 percent to 99 percent) and 94
percent for MOL (range = 84 percent to 98 percent). (Appendix B presents
results for each item.)

Scaling and Proficiency Estimation

To scale items and estimate examinee proficiencies, the study used
essentially the same process employed for NAEP assessments. (See Allen,
Donoghue, & Schoeps, 2001, for complete details on these NAEP technical
procedures.) Departures from the procedures typically used for NAEP
assessments are noted, as appropriate.

Calibration was conducted with the 3-parameter logistic model for
multiple-choice items and the generalized partial credit model (Muraki,
1992) for constructed-response items, as implemented in the NAEP ver-
sion of Parscale. Using these IRT models, the item parameters for the ini-
tial paper block, MOL, and the paper forms were estimated together (45
questions in all). (One item was omitted from the analysis because it intro-
duced difficulties in obtaining a satisfactory scaling solution.) This univar-
iate calibration step was repeated with several model variations for use in
different analyses. For example, to facilitate the study of total-score mode
effects, the calibration was conducted with item parameters constrained
to be equal across MOL and the P&P form. For item-level comparisons,
however, the calibration was conducted with parameters permitted to
vary across the two testing modes. For such calibrations, the initial-paper-
block items were constrained to be equal across examinee groups, thereby
defining a common scale on which MOL and the paper form could be com-
pared. This constraint assumed that the initial-paper-block, MOL, and the
paper form each measured the same unidimensional skill.



J-T-L-A

Does it Matter if | Take My Mathematics Test on Computer?

As is routine in NAEP, examine proficiencies were generated from
student demographic information (to remove bias from the estimation
of group performance), the item-response-model assumptions, the item
parameters estimated in the calibration step, and item responses to the
MOL or paper test. Scores were placed on an arbitrary scale with a mean of
200, a standard deviation of 30, and a range from 0 to 400.

Results

Performance Differences Across Delivery Modes

The analysis of performance differences across delivery modes centers
on two questions:

« Are there differences in mean scores?

« Are there differences in item functioning?

Differences in Mean Scores

To address the first question, the mean scale scores for MOL and P&P
were compared. For this analysis, mean scores were generated from a
scaling in which the item parameters for each mode were constrained to
be equal, thereby forcing mode differences into the total scores. For MOL,
the mean scale score was 198, whereas for P&P it was 202. This difference
was statistically significant (t,52 = -2.26, p < .05).3 In terms of practical
importance, the difference of .14 standard deviations is less than the .2
minimum for “small” effects suggested by Cohen (1988).

In addition to differences in central tendency, differences in the spread
of the two distributions are of interest. The standard deviation of the MOL
score distribution was 32, whereas for P&P it was 27, suggesting greater
variability in the computer-based scores.

Differences in Iltem Functioning

In the IRT framework used in this study, item functioning is character-
ized by three parameters (difficulty b, discrimination a, and guessing c)
for multiple-choice items. For polytomously scored, constructed-response
items, it is common practice not to model guessing, since the probability of
obtaining a correct response by chance is considered to be negligible. Also,
for such items, the probabilities associated with more than two response
categories have to be modeled. Therefore, in addition to a discrimina-
tion parameter a, several item step parameters are used that indicate
the regions of the ability scale with which those item response categories
are most likely to be associated. An overall location parameter b is also
estimated.
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Figure 1:

To address the study question related to item functioning, mode dif-
ferences in difficulty and discrimination were focused upon because these
parameters are the main drivers of potential overall differences between
presentation modes. For each of the items, IRT b (difficulty/location) and
a (discrimination) parameters were estimated as part of scaling, using the
examinee response data from the two presentation modes and allowing
item parameter estimates to vary across those modes. This analysis helps
to identify whether the mode effects that were observed at the total score
level are linked to relatively uniform differences in item functioning or,
alternatively, are the result of a small number of outliers.

The IRT b parameter is considered first. This parameter positions the
item on the ability scale at the point where the probability of a correct
response is .5. The parameter is commonly estimated to range from -2.0
to 2.0. Items with higher b values are more difficult.

Figure 1 presents the scatter plot of the IRT b values for the 25 paper-
administered items against the b values for the same 25 MOL (Math
Online) items. Two results stand out. First, the relationship of the esti-
mated parameters to one another is almost identical across modes: the
product-moment correlation is .96. Second, the preponderance of items
falls on the MOL side of the identity line, suggesting that items presented
on computer were generally more difficult than the same items on paper.*

Comparison of IRT b parameter estimates for items presented
on MOL and on paper, each to a different sample of eighth-grade
students

2.0+
1.54
1.0+

0.5 ¢ 5 ©

P&P

0.0 4

-1.0 %

-1.54

-2.0 1 T T T 1 T 1
=20 =15 =10 =05 00 05 1.0 1.5 20
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NOTE: MOL=Math Online. P&P=Paper and Pencil.
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Table 3 (next page) shows the IRT b parameter estimates for two sub-
classes of item: 21 items needing minimal change to render on computer
and four items needing considerable change for computer rendering. Items
are ordered in the table by the size of the cross-mode difficulty difference,
beginning with items observed in the sample to be easier on computer.
Also shown in the left-most columns are the item administration order
and the format. Three item formats were used: multiple-choice (MC),
short constructed-response (SCR), and extended constructed-response
(ECR). SCR questions were scored on either a 2- or 3-point scale, while
ECRs were scored on a 5-point scale. The response requirements of SCR
and ECR questions included such things as clicking on line segments to
create a geometric figure, making a numeric entry, clicking on a number
line to specify a value, and entering text to justify an associated response.
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Table 3: IRT b parameter estimates for items presented on computer and on
paper, by extent of change required for computer
Estimated b
Computer-
Item # Format Computer Paper Paper
Difference
Items Needing Minimal Change to Render on Computer

11 MC -1.38 -1.14 -.25
8 MC 1.32 1.37 -.05

MC 54 .55 -.01
18 MC -1.23 -1.25 .02
12 MC -.96 -1.01 .05
3 SCR -.93 -.99 .06
2 SCR -.63 -.72 .09
5 MC -31 -46 A5
23 MC .97 .80 A7
20 MC -1.13 -1.31 18
14 MC 32 A3 .20
22 MC .70 49 21
4 MC -.58 -.84 .26
25 MC 1.12 .85 27
6 MC 1.26 .87 39
19 SCR -.50 -.90 A1
24 MC 1.25 .83 A1
7 SCR .89 46 43
21 MC .18 -.30 A8
26 ECR 1.14 .52 .62
13 SCR -.36 -1.16 .81

Items Needing Considerable Change to Render on Computer

10 ECR 1.31 1.73 -42
17 SCR -.60 -.90 30
15 SCR -.53 -91 .38
16 SCR -.54 -.96 A1

NOTE: MC=multiple choice. SCR=short constructed-response. ECR=extended constructed-response.
For polytomous items, the estimated b is the item difficulty/location following the parameterization
of Muraki (1992).

JT-L-A
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Taken across all 25 items shown in the table, the mean of the differences
was equal to .22 logits (range = —.25 to .81). Because positive and negative
differences can cancel each other out, the mean of the absolute values of
the differences was also calculated. This value equaled .28 logits.”

As the bottom section of Table 3 indicates, three of the four items
requiring considerable change for computer rendering appeared to be
more difficult than their paper counterparts, whereas the fourth item
appeared to be easier. Taken across all four items, the mean differences in
logits for the considerably changed vs. minimally changed items were .17
vs. .23, respectively, and the mean absolute differences were .38 vs. .26.

The three considerably changed items that appeared harder on com-
puter were implemented quite differently compared with their paper ren-
derings. For each of theseitems (#15-17), the general task was to determine
the value of a point on a number line. On the paper test, the examinee only
needed to write a value on the number line in the space provided. On the
computer test, the student first had to choose the appropriate answer—
template (a whole number, decimal, fraction, or mixed number), and then
type the answer into that template.

As the table suggests, change in presentation was associated with
response format: the questions needing considerable change were all con-
structed response. Thus, it is not surprising that re-classifying the data by
item format also suggests an impact on difficulty. On average, the discrep-
ancies were about twice as large for constructed-response questions as for
multiple-choice items: the mean difference for constructed-response was
.31 vs. .16 logits for multiple-choice, and the mean absolute differences
were .39 and .20, respectively.

Finally, items were classified by whether or not a calculator was present.
(Recall that a handheld, scientific calculator was made available for section
three of P&P, and an online scientific calculator modeled on the handheld
one was available for that same section in MOL.) Since the calculator was
only present for items in the final section of the test (i.e., items 20-26), it
should be noted that this comparison confounds position with difficulty.
The mean difference between paper and computer presentation for the
seven calculator-present items was .33 logits and the mean absolute differ-
ence was also .33. For the 18 items where the calculator was not available,
the comparable figures were .18 and .26, suggesting the possibility that
the presence of a calculator might increase mode differences somewhat.

The IRT a parameter describes the discrimination of an item, and is
commonly considered to be the analog of the classical item-total correla-
tion. Items with lower a values do not differentiate between examinees at
particular points on the ability scale as well as items with higher values.
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Table 4 (next page) gives the discrimination estimates for each item in
computer- and paper-based administrations, and the difference between
the estimates. As the table indicates, 16 of the 25 items appeared to be
more discriminating on paper than on computer. However, across all 25
items, the mean of the discrimination differences was —.04 and the mean
of the absolute differences was .13, suggesting minimal effects. Also, the
parameter estimates were highly related across modes (r = .86), though
not as highly as the difficulty estimates.
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Table 4: IRT a parameter estimates for items presented on computer and on
paper, by extent of change required for computer
Estimated a
Computer-
Item # Format Computer Paper Paper
Difference
Items Needing Minimal Change to Render on Computer
25 MC .86 1.35 -.50
22 MC .83 1.13 -.30
18 MC .86 1.17 -.30
4 MC 74 .98 -.25
7 SCR .70 .88 -.18
1 MC 1.01 1.16 -.16
6 MC 1.22 1.31 -.10
12 MC .76 .84 -.09
1 MC 92 .99 -.06
5 MC .58 .63 -.05
2 SCR .62 .66 -.04
13 SCR 39 43 -.04
20 MC .79 81 -.02
19 SCR A7 49 -.02
14 MC 1.37 1.39 -.01
3 SCR 42 42 #
26 ECR .78 77 .01
21 MC .88 .80 .09
8 MC 1.05 91 14
24 MC 1.19 1.03 A7
23 MC 1.13 .93 .20
Items Needing Considerable Change to Render on Computer
17 SCR 1.49 1.60 -.11
16 SCR 1.44 1.32 12
15 SCR 1.45 1.27 A7
10 ECR .61 .36 25

NOTE: MC=multiple choice. SCR=short constructed-response. ECR=extended constructed-response.

# The estimate rounds to zero.

JT-L-A
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Items needing considerable change for computer presentation did not
differ much from items needing minimal change in their power to discrim-
inate as measured by IRT a parameter estimates. The mean difference for
the changed items was .11 and for the unchanged items -.07. The mean
absolute differences were .16 versus .13.

Population Group Performance

To investigate whether NAEP reporting groups were differentially
affected by computer presentation, mean performance on the computer-
presented test was compared with mean performance on the paper form
(P&P). Comparisons were made for groups categorized by gender, race/
ethnicity, parents’ education level, school location, region of the country,
and school type. Within each such group (e.g., males), the difference
between the MOL and P&P mean scores was evaluated using an inde-
pendent-samples t-test, correcting for chance via the false discovery rate
(FDR) procedure (Benjamini & Hochberg, 1995) for the number of tests
run for the category (e.g., two t-tests for gender, one for males and one for
females).

Table 5 (next page) gives the means and standard deviations for each
group. Because the sample sizes for some groups were quite small, differ-
ences may not always be statistically significant even if they are seemingly
large. It is not possible to distinguish for these instances whether the
apparent difference is a true reflection of the population performance oz,
alternatively, an artifact of sample selection. For the groups examined, only
one statistically significant difference was detected: Students reporting
that at least one of their parents graduated from college performed better
on P&P than a comparable group taking the same test on computer (¢,64 =
-2.73, p < .05). For this group, the difference in mean scores was 6 points,
or an effect of .21 standard deviation units, which would be characterized
as “small” in Cohen’s (1988) classification. Also, as the table shows, for
this group as for the total group, MOL scores appeared to be more variable
than the P&P ones.
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Table 5: Means and standard deviations by NAEP reporting group for MOL
and the paper-and-pencil test form
Sample Size Mean (SD)

Category and Group MOL | P&P MOL | P&P
Gender

Male 495 491 199 (32) 203 (27)

Female 521 463 197 (33) 201 (27)
Race/Ethnicity

White 613 566 206 (30) 209 (24)

Black 126 135 176 (31) 185 (25)

Hispanic 224 202 178 (29) 185 (27)
Parents’ Education Level

Did not finish HS 73 63 178 (30) 182 (24)

Graduated HS 208 181 189 (31) 194 (24)

Some education after HS 179 171 199 (30) 200 (27)

Graduated college 471 422 205 (32) 211 (25)*

Unknown 76 108 186 (32) 191 (28)
School Location

Central city 330 319 188 (34) 192 (30)

Urban/fringe 455 406 204 (31) 207 (25)

Rural 231 229 198 (31) 205 (24)
Region

Northeast 185 140 202 (35) 206 (25)

Southeast 298 272 187 (32) 194 (25)

Central 191 204 208 (28) 210(25)

West 342 338 198 (32) 201 (29)
School Type

Public 945 885 197 (33) 201 (27)

Nonpublic 71 69 205 (27) 214 (21)
Total Group 1,016 954 198 (32) 202 (27)*

* p < .05 for the test of the differences in means between MOL and P&P.
NOTE: MOL=Math Online. P&P=Paper and Pencil.

JT-L-A
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Performance as a Function of Computer Experience

In considering the potential impact of computer familiarity on com-
puter-based test performance, it may be sensible first to ask how familiar
eighth-grade students are with computers. The current study adminis-
tered background questions selected from ones used in the (paper) NAEP
2001 history and geography assessments. Responses to these questions
(collapsed across the MOL and paper conditions) suggested that most stu-
dents had some familiarity with computers. Eighty-three percent of stu-
dents indicated that there was a computer at home and 74 percent said
they used it to access the Internet. In addition, a majority said that at
least once a week, they used a computer outside of school (83 percent).
A majority said they used one at school at least once a week (56 percent).
Most students reported employing a computer to find information on
the Internet for school (93 percent) or personal use (88 percent), to play
games (88 percent), to write (86 percent), to communicate via e-mail (81
percent), to look up information on a CD (80 percent), to chat (76 per-
cent), to make drawings (72 percent), or to make tables, charts, or graphs
(59 percent). Finally 44 percent said they employed a computer at school
for mathematics at least once a week.

To determine whether familiarity with computers might affect online
test performance, the relationship between computer familiarity and per-
formance on the MOL test was examined. This analysis was conducted
only for the total group of students taking the online test.

For purposes of this study, computer familiarity was conceived as
having three components: computer experience, input accuracy, and input
speed. A minimal level on each component should, in theory, be present
before a student can effectively take an online test, especially one that
includes constructed-response questions. For example, some amount of
previous computer experience should allow quicker adaptation to the test’s
navigational and input procedures, which in the MOL test were designed
to follow common software conventions. Likewise, input accuracy should
be necessary for the student’s intended answer to be recorded correctly.
Finally, reasonable input speed is required because the MOL test gives stu-
dents a limited time for completion; time lost to input that is accurate but
slow might introduce irrelevant variance into test performance. In fact,
such an effect for speed in online mathematics test performance has been
found in at least one previous comparability study (Russell, 1999).

To measure the first component of familiarity, computer experience,
a scale was created based on students’ responses to background questions
adapted from the NAEP 2001 history and geography assessments. The
rationale for using background questions as a measure of experience was
two-fold. First, NAEP employs such questions operationally to document
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the extent and type of computer use among students. Second, very sim-
ilar background questions have been used in other comparability studies
as surrogates for computer proficiency (e.g., Taylor, Jamieson, Eignor, &
Kirsch, 1998).

The score for the computer experience measure was the simple sum of
the responses to each question, ranging from 0-40. (See Appendix C for the
questions that were included in the computer experience measure.) While
other question-aggregation rules are possible, this scheme was judged rea-
sonable given research suggesting that different aggregation rules often
produce similar results (Stanley & Wang, 1970).

The second and third components of computer familiarity, input
accuracy and input speed, were measured using tasks embedded in the
MOL tutorials (available at http://nces.ed.gov/nationsreportcard/studies/
tbatutorial.asp#mol). Coming from the tutorial, the tasks were essentially
the same mechanical ones that students needed to perform in taking the
MOL test.

Table 6 (next page) shows the tasks included in the accuracy and speed
measures. The accuracy scale range was 0-17 and the speed scale range
was 0-22.
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Components of the Input-Skill measure

Variable

Maximum Points

Accuracy

Typing and editing

Accuracy typing a brief given passage

Accuracy inserting a word

Accuracy changing a word

N

Navigating the test

Accuracy pointing and clicking with the mouse

Accuracy scrolling

Accuracy clicking on the “Next”icon

Accuracy clicking on the “Previous”icon

NININN

Entering responses

Accuracy filling in a mixed number

Using the calculator

Accuracy in performing a given operation

Speed

Typing and editing

Time to type a brief passage

Time to insert word

Time to change word

w

Navigating the test

Time to point and click

Time to scroll

Time to click on “Next”

Time to click on “Previous”

N W |IN W

Entering responses

Time to fill in mixed number

Using the calculator

Total time to complete the calculator tutorial
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Coefficient alpha reliabilities for computer experience, input accuracy,
and input speed were .78, .48, and .72, respectively. Correlations among
the measures, and with the MOL test, are shown in Table 7. As can be seen,
the correlations among the three computer-familiarity measures are gen-
erally quite a bit lower than the limit imposed by their reliability values.

Table 7: Observed correlations among computer familiarity measures and
with mathematics performance
mathematicblock | MOLtest | SRR | accuracy
MOL test 72
Computer experience 13 21
Input accuracy 35 39 12
Input speed 44 .54 31 .26

NOTE: All values are unweighted.

To explore the relationship between computer familiarity and per-
formance in the computer-based test, an ordinary least-squares multiple
regression was executed. The goal of this analysis was to determine if com-
puter familiarity predicted performance on the computer-based test after
controlling for mathematics skill as measured on paper. The independent
variables were self-reported computer experience, input accuracy, input
speed, and number-right raw score on the initial paper mathematics block,
which served as a covariate. The dependent variable was the sum of the
dichotomously scored and polytomously scored MOL test items. All three
computer-experience variables were used because they are logically and
empirically related to taking a mathematics test on computer, and not
highly correlated with one another.

In conducting this regression analysis, simpler models were succes-
sively compared to more complex models so that, for example, the effect
of the computer familiarity variables (entered as a block) on MOL score
could be separated from the effect of the covariate on MOL score. Standard
checks for residual outliers, multicolinearity, and influential observations
were performed. The resulting full-factorial model accounted for 57 per-
cent of the variance in predicting MOL score (F,8,539 = 165.92, p < .001).

Table 8 (next page) gives the results for the main-effects model only
because the interactions were not significant (F,4,539 = 0.73, p > .05).
After controlling for mathematics proficiency on the paper-based block,
input accuracy and input speed significantly added statistically to the pre-
diction of MOL score; self-reported computer experience did not add sig-
nificantly statistically. In terms of the size of the effect, the initial paper
block accounted for 49 percent of the variance in MOL scores. Adding
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Table 8:

the computer familiarity variables to the model increased the variance
accounted for in MOL scores to 57 percent.

Regression results for the effect of input skill and computer
experience on MOL test raw score, controlling for paper
mathematics proficiency

Variable Estimca;:gﬁrceig:‘et!ssion Standard error
Intercept -15.78 2.327
Initial paper math block (covariate) 87% 0.136
Input accuracy 67* 0.131
Input speed 37% 0.067
Computer experience .05 0.025

*p < .05, two-tailed t-test (df-range 3 to 12, t-range 1.86 to 6.36).
NOTE: The number of students included in the analysis was 1,011. A jackknife, replicate-weight procedure
was used to compute the standard errors (see Allen, Donoghue, & Schoeps, 2001).

Discussion

The Math Online study collected data from samples intended to rep-
resent the population of eighth-grade students in the United States.
Students in more than 100 schools participated. The study addressed
three main questions related to the comparability of computer and paper
mathematics test scores:

« Do students perform differently across modes at the
total score and item level?

+ Does mode differentially affect the overall performance
of particular NAEP reporting groups?

+ Does computer familiarity appear to have an impact on
online test performance?

With respect to performance, the mean scale score for eighth-graders
taking the computer test was significantly lower statistically than that for
a randomly parallel group taking the paper version of the same 25-item
measure. In effect-size terms, however, the difference of .14 standard devi-
ation units was not large enough to even be considered “small” in Cohen’s
(1988) classification. At the item level, the difficulties for the computer
test were generally greater (by an average of .22 logits on the IRT scale,
or about .05 points on the proportion-correct scale), an expected finding
given the direction of the differences in mean scores. Differences in item
discrimination appeared to be negligible on average.
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The second study question concerned the effect on the overall perfor-
mance of NAEP reporting groups. The performance of selected groups was
evaluated to see whether their mean scores differed on paper vs. computer
versions of the same test. Separate comparisons were made by gender,
race/ethnicity, parents’ education level, region of the country, school loca-
tion, and school type. Results showed that, for the NAEP reporting groups
examined, mean performance generally was not differentially affected by
electronic vs. paper delivery.

The last question dealt with the impact of computer familiarity on test
performance. Students’ responses to background questions suggested
that the overwhelming majority of pupils used computers at home and
at school. To determine if lack of computer familiarity affected online
test performance, hands-on measures of input accuracy and input speed,
and a measure of self-reported computer experience, were used to pre-
dict online test performance. After controlling for performance on a paper
mathematics test, input speed and input accuracy predicted MOL score at
statistically significant levels. The direction of the effect was such that the
greater the student’s computer familiarity, the higher was the predicted
MOL score, suggesting that some students may have scored better on
MOL than their equally mathematically proficient peers simply because
the former students were more facile with computers. The increment in
variance accounted for in MOL score after controlling for paper mathe-
matics score was 8 percentage points. In evaluating this increment, note
that admissions test scores like those from the SAT or ACT Assessment add
only about 5 or 6 percentage points over high school grades in predicting
first-year college grade-point-average (Burton & Ramist, 2001; Noble &
Sawyer, 2002).

This result is similar in kind to that found by Russell (1999) and by
Horkay et al. (2006). For mathematics, Russell’s study included only con-
structed-response items given to approximately 200 eighth-grade students
in Massachusetts. He found that, compared to taking a test on paper, taking
the test on computer had a negative effect, which lessened as keyboarding
skill increased. Horkay et al’s study concerned the assessment of writing
proficiency in NAEP. They presented essay tasks to national samples of
eighth graders, finding that computer familiarity predicted online essay
score after accounting for paper writing performance.

What causes the effects found in these studies? One possible con-
tributing factor is the presence of constructed-response items, which can
sometimes demand considerable computer skill. In the Russell study, all
items required the student to key-enter at least a sentence of text. When
asked what problems they had taking the mathematics test online, 30
percent of the students indicated they had difficulty typing. In the Horkay
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et al. study, the keyboarding demands were considerably greater as stu-
dents were asked to generate essays on computer.

In the present investigation, constructed-response items appeared to
shift in difficulty more than multiple-choice items when presented on com-
puter as compared with paper.® Constructed-response items also needed
to be adapted more than multiple-choice items in order to be rendered
on screen. These results suggest that, in moving paper mathematics items
to computer, it may sometimes be harder to hold difficulty constant for
constructed-response than for multiple-choice questions. The causes of
that difficulty shift are not clear. The translation of constructed-response
items to electronic delivery may introduce the need for computer skill in
responding, may make it impossible for students to answer in alternative
ways (e.g., diagrammatically), or may otherwise change the nature of what
is being measured.

Two other factors that may have affected performance are technology
problems encountered during test administration and the use of NAEP
laptop computers. With respect to technology problems, approximately
11 percent of students were prevented from working through the tutorials
and the test questions without interruption. Such interruptions might
have occurred due to the loss of an Internet connection or to a hardware or
software issue. In such cases, test administrators attempted to restart stu-
dents where they had stopped or, if this was unsuccessful, returned them
to the beginning of the test on the same or on an alternative machine. It
is possible that after such interruptions, these students were less moti-
vated and performed more poorly as a result. To evaluate the relationship
between session interruption and performance, MOL score was regressed
on test session status (interrupted vs. not interrupted), controlling for
performance on the initial paper math block. This regression produced a
statistically significant effect for session status (F, 1,35=12.43, p <.01).
However, the impact on scores appears to have been minimal. The effect’s
magnitude can be estimated by using the regression to predict what the
MOL scores of students with interrupted sessions would have been had
those interruptions not occurred. When the MOL mean for the total group
is recalculated using predicted scores for students with interrupted ses-
sions, and the actual scores of those with not-interrupted sessions, the
sample mean increases marginally from 198 to 199.

The second factor, the use of NAEP laptops, is relevant because the
majority of students took their tests on these computers, which would
often have been less familiar than their school machines. To determine
whether taking the test on a laptop was associated with student perfor-
mance, MOL score was regressed onto computer type (school computer
vs. NAEP laptop), with score on the initial paper math block serving
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as a covariate. Computer type was a statistically significant predictor
(F,1,35=82.54, p < .00). An estimate of the effect of computer type can
be gained by using the regression to predict what the MOL scores of stu-
dents who took the test on laptop would have been had they taken it on
desktop. This estimate needs to be regarded cautiously, however, because
there may be other factors correlated with taking the test on laptop that
would affect performance regardless of computer type (e.g., level of com-
puter familiarity). When the MOL mean for the total group was recalcu-
lated using predicted scores for students taking the test on laptop, and the
actual scores of those administered the test on desktop, the sample mean
increased from 198 to 200. This increase in mean score likely overlaps with
that of the increase predicted for students with interrupted sessions, as
close to half of the students experiencing interrupted sessions took their
tests on laptop computers. In any event, it seems that somewhat greater
comparability between the computer and paper tests might have resulted
from administering a larger proportion of the tests on school computers.

Several limitations should be considered in interpreting the results
of this study. First, the data were collected in 2001, which from a tech-
nology perspective, was a long time ago. Since that time, students have
become more comfortable with computers and especially with laptops.
Additionally, laptop computers themselves have become easier to use.
Screens have become larger and sharper, and keyboards easier to manipu-
late. Third, the technology has become more dependable, with technical
problems being less likely to interrupt testing sessions. Finally, test devel-
opers have become more adept at designing computer assessments so that
navigation, item presentation, and response entry are quicker to learn
and simpler to accomplish. Taken together, these changes may have made
computer and paper delivery more comparable over time.

A second limitation relates to the results for NAEP reporting groups.
The sample sizes for these groups were often small, resulting in limited
power to detect mode differences. Further, the impact of computer famil-
iarity on performance was assessed only for the overall study sample,
and not for reporting groups. It is possible that computer familiarity was
associated with online math performance differently from one group to
the next (e.g., for White vs. Black vs. Hispanic students). Future research
should evaluate this possibility.

Third, the methods used to evaluate the relationship between com-
puter familiarity and online math performance were correlational. This
fact means that other unmeasured variables associated with computer
familiarity could be responsible for the detected effect. An elaboration
on the design used in the current study would have been to administer
a computer familiarity measure to the group taking the paper test. Then,
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the relationship of computer familiarity to paper math performance, after
controlling for score on the initial paper block, could have been evaluated.
The absence of such a relationship in the paper delivery condition might
have provided stronger evidence for linking differences in computer famil-
iarity to online math performance.

Finally, some studies in the field of writing assessment have detected
a presentation effect in scoring, where handwritten answers received
higher grades than typed versions of the same responses (Powers, Fowles,
Farnum, & Ramsey 1994; Powers & Farnum 1997; Russell & Tao, 2004a,
2004b). It is unclear if the same effect would occur for NAEP mathematics
items, particularly since the responses in the present study involved
much less text than in essay examinations. In the current study, five of
the ten constructed-response items required only simple numeric entry or
clicking on hot spots, while the remaining five questions entailed text of
no more than a few sentences. Further research might examine whether
the MOL mode effect is partly due to reader bias by transcribing a sample
of responses from each mode to the other, and having different readers
grade subsets of the transcribed and original versions blindly.
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Endnotes

1

A fourth-grade sample was also tested on computer. See Sandene, Bennett,
Braswell, and Oranje (2005) for a description of the sample, analyses and results.

Percentages of schools and students are weighted and may differ substantially
from raw percentages.

One possible cause of these differences is the extent to which students omit, don’t
reach, or give off-task responses more frequently in one versus the other mode.
Analysis of the percentages of students giving such responses suggested that the
differences were so small as to be of limited consequence. (See Sandene, Bennett,
Braswell, and Oranje [2005, Appendix C] for details of these results.)

IRT b parameter estimates can also be compared across paper forms administered
to different nationally representative samples as part of the MOL study. For this
comparison, the points clustered evenly around the identity line, further evidence
that the difference in difficulty apparent in Figure 1 is indeed an effect of the mode
of presentation and not simply variation due to the examinee sample. See Sandene,
Bennett, Braswell, and Oranje (2005, pg. 15) for the resulting scatter plot.

Item difficulty was also evaluated in the proportion-correct (p+) metric. Over all
items, the median of the difficulty differences was -.05 (range = -.17 to .02). The
median difference for the items needing considerable change was -.08 and the
median difference for the items needing minimal change was —.04. With regard
to item format, the median difference for the short- and extended-constructed-
response items was —.08, whereas the comparable value for multiple-choice items
was -.03. Thus, in general, the p+ results are consistent with the differences in the
b parameter estimates.

Several multiple-choice items also appeared to show large mode effects (e.g., #6,
21, 24). These effects might have been caused by a variety of factors. For example,
students taking the paper test might have used their hand-held calculators more
frequently or more effectively (for items 21 and 24) than MOL students used the
online calculator, or students may have worked problems more frequently or more
thoroughly in their paper booklets than students made use of scratch paper in the
online condition.
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Appendix A

Notes on Sampling Methodology

The primary sampling units (PSUs) were counties or groups of coun-
ties. Because the study did not require the same large sample sizes as a
NAEP assessment, a subset of 52 PSUs was sampled from the 94 PSUs
selected for the NAEP 2001 history and geography assessments (Lapp,
Grigg, & Tay-Lim, 2002; Weiss, Lutkus, Hildebrant, & Johnson, 2002). To
increase the chance of getting a representative subset, the sampling was
constrained to include the 10 largest PSUs, half of the 12 smallest PSUs,
and half of the remaining 72 PSUs.

Middle and secondary schools were chosen (without replacement)
across all selected PSUs from a sorted list, with probabilities proportional
to size. The sample was designed to over-sample large schools and schools
with more than 10 percent Black students or 10 percent Hispanic stu-
dents.

Students who were judged by standard NAEP exclusion criteria as not
being able to participate meaningfully in the testing activities without
accommodations were excluded. Ninety-four of the 1,297 sampled stu-
dents were excluded from online testing and 229 of 3,522 sampled stu-
dents were excused from paper testing. These exclusion rates are similar
to those for non-accommodated samples tested in the NAEP 2001 assess-
ments in history and geography (Lapp, Grigg, & Tay-Lim, 2002; Weiss,
Lutkus, Hildebrant, & Johnson, 2002).

36



Does it Matter if | Take My Mathematics Test on Computer?

Appendix B

Table 1B: Inter-rater Reliability for Constructed-Response Items

Percentage Exact Agreement
Item P&P MOL
2 99 98
3 95 92
7 93 91
10 80 84
13 99 98
15 97 98
16 99 98
17 99 98
19 94 920
26 85 85

NOTE: MOL = Math Online. The number of students responding ranged from 239 to 254 on the paper test;
from 249 to 253 on MOL Items. Items 10 and 26 were scored on a 5-point scale. All other items were scored
on 2- or 3-point scales
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Appendix C

Questions and Number of Response Categories for the
Computer Experience Measure

How often do you use a computer at school? (5)

How often do you use a computer outside of school? (5)

Is there a computer at home that you use? (2)

Do you use the Internet at home? (2)

To what extent do you do the following on a computer?

Play computer games (4)

Write using a word processing program (4)

Make drawings or art projects on the computer (4)
Make tables, charts, or graphs on the computer (4)
Look up information on a CD (4)

Find information on the Internet for a school project or
report (4)

Find information on the Internet for personal use (4)
Use e-mail to communicate with others (4)

Talk in chat groups or with other people who are logged on at
the same time you are (4)

When you do mathematics in school, how often do you do each
of the following?

Use a computer (4)
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