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Introduction 

The prominence of educational testing and educational technology have 
increased rapidly over the past decade. When well implemented, state level testing 
programs encourage schools to think more critically about their curriculum and may 
provide guidance on topics and skills students need to further develop. When applied 
to meet curricular goals, education technologies provide alternative approaches to 
sustaining students’ interest, developing students’ knowledge and skills, and provide 
supplementary materials that teachers can use to extend students’ learning. As one 
example, several studies have shown that writing with a computer can increase the 
amount of writing students perform, the extent to which students edit their writing, 
and, in turn, lead to higher quality writing (Dauite, 1985; Etchison, 1989; Hanafin & 
Dalton, 1987; Hass & Hayes, 1986; Kerchner & Kistinger, 1984; MacArthur, 1988; 
MacArthur & Graham, 1987; Nichols, 1996; Owston, 1991; Owston & Wideman, 
1997; Phoenix & Hannan, 1984). 

Recent research, however, suggests that these two strategies for improving educa-
tion, namely state level testing programs and writing on computers, may work against 
each other. As Russell and Haney (2000) describe, two previous studies provide evi-
dence that students accustomed to writing on computers perform better on written 
tests when these students are allowed to compose their responses using a word pro-
cessor (without access to spell checker or grammar checker). Despite this improved 
performance on computer, scores from paper tests are used to make judgments about 
students, schools, and districts (Sacks, 1999), as well as the impact of technology on 
student learning.

This article builds on two previous studies (Russell, 1999; Russell & Haney, 1997) 
that explored the effect mode of administration, that is computer versus paper-and-
pencil, has on student performance on open-ended items requiring written responses. 
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Whereas the two previous studies have focused on middle school students, the study 
presented here focuses on students in eighth and tenth grade. In addition, whereas the 
previous studies examined the effect on relatively short open-ended items that ranged 
from two to thirty minutes in length, this article focuses on extended composition 
items designed to be completed during two 45 to 60 minute blocks of time. Finally, 
whereas the previous studies focused on students attending an urban school district 
that had just begun placing large numbers of computers in its schools and which gen-
erally performs below the state average on state tests, this article focuses on students 
attending school in a suburban district in which computers are used regularly in most 
classrooms and which generally performs well above the state average on state tests. 
Given the increasing emphasis many states are placing on student performance on 
state-level tests, the study presented here provides further evidence that state-level 
tests containing open-ended items are under-estimating the achievement of students 
accustomed to using computers for writing.

Background

In the past, it was unrealistic to administer tests containing open-ended items on 
computers in elementary and secondary schools. Until recently, most schools did not 
have a sufficient number of computers to administer tests in an efficient and timely 
manner. Moreover, until just a few years ago, most students did not work regularly 
on computers. The situation, however, is changing rapidly and increasing numbers of 
students are able to access and write regularly on computers in schools. 

While schools had one computer for every 125 students in 1983, they had one for 
every 9 students in 1995, and 1 for every 6 students in 1998 (Market Data Retrieval, 
1999). In 1998, a national survey of teachers also showed that 50 percent of K–12 
teachers had students use word processors, 36 percent had them use CD-ROMS, and 
29 percent had them use the WWW (Becker, 1999). Although it is unclear how com-
puters are affecting student achievement in schools (see, for example, Fabos & Young, 
1999, questioning the efficacy of Internet based telecommunications exchange pro-
grams in schools), there is little doubt that more and more students are writing and 
performing school assignments on computers. 

Computers and Writing

Writing is a recursive process that involves four inter-related steps: prewriting, 
writing, revision, and editing (Calkins, 1983, 1986; Graves, 1983). Over the past two 
decades, educators have identified several ways computers can be helpful during each 
of these stages. Researchers have also conducted numerous studies that examine the 
impact computer use has on students, their writing process and the quality of their 
products. Below, findings from some of these formal studies are summarized. 

When reviewing these studies, it is important to heed MacArthur’s warning that 
computers are not a “magical writing tool” that independently transform students’ 
writing (1988, p 536). As Cochran-Smith, Paris and Khan (1991) and Owston and 
Wideman (1997) point out, the extent to which computers impact students’ writ-
ing is dependent upon the context in which students use computers. In addition to 
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the instructional practices employed by teachers, these contexts include the amount, 
regularity and longevity of use (Owston & Wideman, 1997), type of word proces-
sors employed (Haas, 1989) and students’ ability to interact with a computer via a 
keyboard and commands (Dauite, 1984; MacArthur, 1988, MacArthur & Graham, 
1987; Nichols, 1996). As just two examples, MacArthur and Graham (1987) found 
that keyboarding speed was highly correlated with the length of passages created on 
a computer. Similarly, Hass (1989) reported that students using a word-processor 
equipped with a modern graphical user interface (GUI) wrote longer and higher qual-
ity essays than did students who wrote using older command-based software.

Despites Bridwell’s (as cited in Collier & Werier, 1995, p. 49) assertion that 
“the real effects of writing with computers probably should be measured long after 
a writer had made initial adjustments to the medium,” many studies have examined 
the impact of computers on student writing after relatively short periods of use. As 
summarized below, when students are provided the opportunity to develop basic 
keyboarding and word processing skills and use computers regularly over an extended 
period of time, the quality of their writing improves at a faster rate. When these con-
ditions are not met, the impact of computers on students’ writing is less pronounced, 
but is still often positive. 

Quality of Writing

In a meta-analysis of 32 computer writing studies, Bangert-Drowns (1993) 
reported that about two-thirds of the studies indicated improved quality for text 
produced on computer. Generally, the largest improvements in the quality of writ-
ing produced on a computer are found for learning disabled students (Kerchner & 
Kistinger, 1984; MacArthur & Graham, 1987; Sitko & Crealock, 1986), elementary 
students (Phoenix & Hannan, 1984), low-achieving students (Hannafin & Dalton, 
1987; Robinson-Stavely & Cooper, 1990) and college-aged students (Hass & Hayes, 
1986; Hawisher, 1986; Williamson & Pence, 1989). For middle school and high 
school students, the impact of computers on the quality of students’ writing is less 
consistent. Several studies, for example, report that compositions produced on a com-
puter were rated higher in quality than those produced on paper (Breese, Hackson, & 
Prince, 1996; Hannafin & Dalton, 1987; Larter, 1987; Moore, 1987, Owston, 1991; 
Snyder 1993), while other studies have found that computers did not significantly 
improve the quality of students’ writing (Dauite, 1986; Etchinson, 1989; Grejda, 
1992; Nichols, 1996; Vacc, 1987). Finally, two studies that allowed late elementary 
and middle school students to use GUI word processors and were conducted over an 
extended period of time report large, significant improvements in the quality of stu-
dents’ writing (Owston, Murphy, & Wideman, 1992; Owston & Wideman, 1997). 

Over the past fifteen years, educators and researchers have identified several 
reasons why computers may help improve students’ writing. These impacts occur as 
students generate text, revise text, share their work with others, and, more recently, 
receive feedback directly from the computer. Below, each of these areas of impact is 
discussed.
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Generating Text

Clearly, the ability to efficiently create neat, formatted text on a computer is 
advantageous. For young writers, especially those with poor handwriting skills, typing 
can greatly increase the speed and clarity with which students are able to record their 
thoughts on paper (MacArthur, 1988). For early adolescents, who tend to want results 
more quickly, the efficiency with which computers allow students to record their 
thoughts reduces students’ perception that writing is a slow, painful process (Dauite, 
1985).

Knowing that errors, transitions, and other problem areas can be addressed later 
without having to recopy entire bodies of text, students are freed to focus more closely 
on their ideas during the initial stages of their writing (Dauite, 1985; Wresch, 1984). 
By focusing on the flow of thought rather than on grammar, spelling and punctua-
tion, computers can help students develop a better sense of fluency (Elbow, 1981).

Many studies report that the ease of generating neat, formatted text increases 
students’ motivation to write (Kerchner & Kistinger, 1984; Sitko & Crealock, 1986; 
Morrocco and Neuman, 1986). Other studies have documented that students pro-
duce more and longer passages when computers are used (Hass & Hayes, 1986; Etchi-
son, 1989; Dauite, 1985). Dauite (1985) also reports that students tend to work more 
quickly on computer than on paper, producing longer passages in shorter amounts 
of time. 

Revising Text

After learning how to use a computer, Dauite (1985) reports that most children 
prefer to write on a computer because the mundane task of recopying their work 
is eliminated. Many writers also find that the neat appearance of text both on the 
screen and particularly in print makes it easier to critique and revise early drafts. 
And for experienced writers, neatly formatted text enables them to see problems that 
may otherwise be obscured by revisions written in margins or scribbled directly over 
text (Dauite, 1985). In turn, the ability to alter this neat text without permanently 
damaging the appearance of the medium on which it appears may help encourage 
young students to make edits to their text (MacArthur, 1988). This theory is echoed 
by Wresch (1984), who suggests that the impermanence of text on the screen helps 
students see writing as a fluid process through which ideas can be presented in several 
different ways and that the text they generate is not ‘carved in stone’. “Instead, their 
words have the quality of light. Their sentences slide back and forth, ripple down the 
screen, become highlighted, disappear, and reappear” (Marcus, 1984, p. 122). Once 
cognizant of this impermanence, students may be more willing to make changes to 
their text after initial drafts are produced. 

Several studies have found that students who write on computer return more 
often to their text and make more revisions to their text than do students who gener-
ate text on paper (Nichols, 1996; MacArthur, 1988; MacArthur & Graham, 1987; 
Vacc, 1987). More focused research, however, suggests that the quality of the revi-
sions made varies by the writer’s experience. Bridwell and Ross (1984) report that 
experienced adult writers revise more extensively when using a word processor as com-
pared to using paper-and-pencil. Dauite (1986), MacArthur and Graham (1987) and 
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Scardamalia and Bereiter (1986), however, report that word processing has limited 
impact on the quality of revision by inexperienced writers. Although inexperienced 
writers may revise more on computer, the revisions they make focus primarily on sur-
face features of their writing whereas more experienced writers revise both to clarify 
meaning and to make surface corrections. However, when computer use is coupled 
with on-going instruction that focuses on revising, revisions made by young writers 
can lead to qualitative improvements in their writing (Owston & Wideman, 1997).

Collaboration and Audience

The computer’s ability to display text on a monitor which can be observed 
directly by others during the writing process and immediately after completing a 
block of text allows writers to work collaboratively on pieces of writing and to easily 
share their work in progress (Levin, Riel, Rowe and Boruta, 1985). Similarly, with 
several computers placed in a single classroom or a computer lab, writing on a com-
puter becomes a public process in which writers can display their work to others 
and receive immediate feedback (MacArthur, 1988). Dauite (1984) also notes that 
by interacting with the word processor through program commands, the computer 
may seem like an audience to some writers. For some writers, this sense of interaction 
makes writing feel as natural as speaking. For others, the blinking cursor may act as a 
prod to keep writing (Dauite, 1985). 

Feedback

Advances in the computer’s ability to provide feedback on specific aspects of stu-
dents’ writing may also increase students’ motivation to write and help them target 
areas for improvement. After writing text on paper, students often must wait days or 
even weeks before receiving feedback from their teacher. The computer, however, can 
respond in a matter of seconds. Spelling and grammar checkers can provide impor-
tant feedback about surface features of the students’ work, while more sophisticated 
algorithms are able to provide feedback on the writer’s style and organization. In turn, 
this quick feedback is believed to motivate students to make further refinements to 
their work (Wresch, 1984). More recent programs based on latent semantic analysis 
are also able to compare students’ work to models or exemplars and then provide 
feedback on the strengths and weaknesses of their writing (Burnstein, Kaplan, Wolff 
Lu, 1997). In studies with college-age students, this immediate feedback is reported 
to be preferred over and to be more useful than the much-delayed feedback from an 
instructor (McCollum, 1998).

In-Class versus On-Demand Writing

All of the studies summarized above focus on student work produced in class 
under un-timed conditions. These studies also focus on work typically produced for 
English or Language Arts class, such as short stories or essays. The study presented in 
this article, however, focuses on writing produced under formal timed testing condi-
tions. Specifically, this study examines the extent to which producing open-ended 
responses on computer or on paper affects the performance of eighth and tenth grade 
students, particularly for students with different levels of experience writing on a 
computer.
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Computers and Testing

In 1968, Bert Green, Jr., predicted “the inevitable computer conquest of testing” 
(Green, 1970, p. 194). Since then, other observers have envisioned a future in which 
“calibrated measures embedded in a curriculum . . . continuously and unobtrusively 
estimate dynamic changes in student proficiency” (Bunderson, Inouye & Olsen, 1989, 
p. 387). Although progress has been made in this area, such visions of computerized 
testing are far from present reality. Instead, most recent research on computerized 
testing has focused on computerized adaptive testing, typically employing multiple-
choice tests. Perhaps the most widely publicized application of this form of testing 
occurred in 1993 when the Graduate Record Examination (GRE) was administered 
nationally in both paper-and-pencil and computerized adaptive forms.

Naturally, the introduction of computer administered tests has raised concern 
about the equivalence of scores yielded via computer versus paper-and-pencil admin-
istered test versions. After reviewing several studies that examined the equivalence 
of scores acquired through computer or paper-and-pencil test forms, Bunderson, 
Inouye & Olsen concluded that although the mean scores for paper-and-pencil test 
forms were often slightly higher than for computerized test forms, “ [t]he score dif-
ferences were generally quite small and of little practical significance” (1989, p. 378). 
Similarly, following their meta-analysis of 29 studies focusing on the equivalence of 
computerized and paper-and-pencil cognitive ability tests, Mead and Drasgow con-
cluded that their results “provide strong support for the conclusion that there is no 
medium effect for carefully constructed power tests. Moreover, no effect was found 
for adaptivity. On the other hand, a substantial medium effect was found for speeded 
tests” (1993, p. 457).

More recent research, however, shows that young people who have gone to 
school with computers perform significantly better on open-ended (that is, not mul-
tiple choice) questions administered via computer as compared to the same questions 
administered via paper-and-pencil (Russell, 1999; Russell & Haney, 1997). In both 
studies, the effect sizes for students accustomed to writing on computer ranged from 
.57 to 1.25 (effect size was estimated using Glass’s delta, that is the mean of the experi-
mental group minus the mean of the control group divided by the standard deviation 
of the control group (Glass & Hopkins, 1984)). Effect sizes of this magnitude are 
unusually large and of sufficient size to be of not just statistical, but also practical 
significance (Cohen, 1988; Wolf, 1986). Effect sizes of this magnitude, for example, 
imply that the score for the average student in the experimental group tested on com-
puter exceeds that of 72 to 89 percent of the students in the control group tested via 
paper and pencil.

Research on the effect of mode of administration on student test performance 
began with a puzzle. While evaluating the progress of student learning in the Acceler-
ated Learning Laboratory (ALL), a high-tech school in Worcester, MA, teachers were 
surprised by the results from the second year of assessments. Although students wrote 
more often after computers were widely used in the school, student scores on writing 
tests declined in the second year of the new program. 

To help solve the puzzle, a randomized experiment was conducted, with one 
group of sixty-eight students taking math, science and language arts tests, including 
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both multiple-choice and open-ended items, on paper, and another group of forty-six 
students taking the same tests on computer (but without access to word processing 
tools, such as spell-checking or grammar-checking). Before scoring, answers written 
by hand were transcribed so that raters could not distinguish them from those done on 
computer. There were two major findings. First, the multiple-choice test results did 
not differ much by mode of administration. Second, the results for the open-ended 
tests differed significantly by mode of administration. For the ALL School students 
who were accustomed to writing on the computer, responses written on computer 
were much better than those written by hand. This finding occurred across all three 
subjects tested and on both short answer and extended answer items. The effects were 
so large that when students wrote on paper, only 30 percent performed at a “passing” 
level; when they wrote on computer, 67 percent “passed” (Russell & Haney, 1997). 

Two years later, a more sophisticated study was conducted, this time using open-
ended items from the new Massachusetts state test (the Massachusetts Comprehensive 
Assessment System or MCAS) and the National Assessment of Educational Progress 
(NAEP) in the areas of language arts, science and math. Again, eighth grade students 
from two middle schools in Worcester, MA, were randomly assigned to groups. 
Within each subject area, each group was given the same test items, with one group 
answering on paper and the other on computer. In addition, data were collected on 
students’ keyboarding speed and prior computer use. As in the first study, all answers 
written by hand were transcribed to computer text before scoring.

In the second study, which included about two hundred students, large differ-
ences between computer and paper-and-pencil administration were again evident on 
the language arts tests. For students who could keyboard moderately well (20 words 
per minute or more), performance on computer was much better than on paper. For 
these students, the difference between performance on computer and on paper was 
roughly a half standard deviation. According to test norms, this difference is larger 
than the amount students’ scores typically change between grade 7 and grade 8 on 
standardized tests (Haney, Madaus, & Lyons, 1993, p. 234). For the MCAS, this 
difference in performance could easily raise students’ scores from the “failing” to the 
“passing” level (Russell, 1999). 

In the second study, however, findings were not consistent across all levels of 
keyboarding proficiency. As keyboarding speed decreased, the benefit of computer 
administration became smaller. And at very low levels of keyboarding speed, taking 
the test on computer diminished students’ performance (effect size of about 0.40 stan-
dard deviations). Similarly, taking the math test on computer had a negative effect on 
students’ scores. This effect, however, became less pronounced as keyboarding speed 
increased.

State Level Testing Programs

During the past decade, an increasing number of states have sought to hold 
students, teachers and schools accountable for student learning as measured by state-
sponsored tests containing open-ended items administered on paper. According to 
annual surveys by the Council for Chief State School Officers (CCSSO, 1998), 48 
states use statewide tests to assess student performance in different subject areas. 
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Many of these tests are tied to challenging standards for what students should know 
and be able to do. Scores on these tests are being used to determine whether to: (1) 
promote students to higher grades; (2) grant high school diplomas; and (3) identify 
and sanction or reward low- and high-performing schools (Sacks, 1999). Due to the 
limitations of multiple-choice tests, many statewide tests include sections in which 
students must write extended answers or written explanations of their work. As the 
recent CCSSO report commented, “Possibly the greatest changes in the nature of 
state student assessment programs have taken place in the 1990s as more states have 
incorporated open-ended and performance exercises into their tests, and moved away 
from reliance on only multiple-choice tests” (CCSSO, 1998, p. 17). 

Although prior research on computer use and performance on open-ended 
test items administered on paper does not call into question the value of state level 
accountability systems, it does suggest that these systems should begin thinking about 
alternative ways of administering open-ended items. As state level accountability tests 
begin to explore transitioning from paper administration to computer administration, 
several issues arise. First, until all students are accustomed to writing on computers, 
a better understanding of the extent to which the mode of administration affects stu-
dent performance at different grade levels must be developed. Second, given the many 
computing devices available, the effect of performing open-ended items on desktop 
computers need to be contrasted with performance on cheaper and more portable 
writing devices such as eMates and AlphaSmarts. Third, before testing programs offer 
students the option of performing tests on paper or on computer, the extent to which 
handwritten versus computer printed responses influence raters’ scores needs to be 
explored. Fourth, administrative procedures for administering tests on computers in 
schools must be developed. 

The study presented here focuses on the first issue identified above, namely the 
extent to which the mode of administration affects student performance at different 
grade levels. More specifically, this study employs the same methodology as Russell 
(1999) to examine the mode of administration effect for extended essay items in 
grades eight and ten.

Study Design

To examine the extent to which student performance on an open-ended writing 
task differs on paper versus on computer, a controlled experiment was conducted with 
both grade eight and grade ten students. For both grade levels, students responded 
to a grade appropriate extended composition item from the 1999 Massachusetts 
Comprehensive Assessment System (MCAS). In both grades, students were randomly 
assigned to compose their responses on paper or on computer. In grade eight, students 
did not have access to spell-checker or grammar-checker. In grade ten, students also 
did not have access to grammar-checker, but could use spell-checker. All students who 
worked on paper and on computer had access to a dictionary.

For students included in the study, three types of background information were 
collected, including: prior grades in English, prior computer use, and keyboarding 
speed. 
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The study occurred in three stages. During stage 1, prior English grades were col-
lected for each student. For all students, year-end grades from the previous year and 
mid-term grades from the current year were collected. The course-end grades were 
used during the stratified group assignment process and the mid-term grades were 
used as covariates during some analyses. 

During stage 2, all students completed the computer use survey and performed 
the keyboarding test. During stage 3, students performed the composition item.

To the extent possible, the same administration procedures were employed in 
this study as occurred during the 1999 MCAS administration. In the actual MCAS 
composition administration, students completed a composition item during two ses-
sions. During the first session, students composed a first draft. After a fifteen minute 
break, students then revised and finalized their composition during a second writing 
session. Both sessions were designed to last for forty-five minutes, but students were 
given additional time as needed. In some cases, students were reported to take up to 
an additional hour to complete the composition item. In this study, time constraints 
and scheduling conflicts challenged efforts to replicate the MCAS composition 
administration. In grade eight and ten, only two hours of total testing time was avail-
able. In grade eight, the two sessions were completed during two consecutive fifty 
minute blocks. In grades ten, however, the two writing sessions were completed over 
two days. 

Sampling and Group Assignment

All students included in this study attended Wellesley Public Schools, a suburban 
school district located outside of Boston. Within the district, half of the eighth grade 
students attending the Middle School participated in the study (the second half of the 
class participated in a related study that compared performance on a portable word 
processor with performance on paper). In the tenth grade, the study included students 
taking English with any one of the four teachers who volunteered their class for this 
study.

Within each grade level, the process of assigning students to groups was identical. 
Students’ prior grade in English was used to stratify participating students within each 
grade level. Participating students within each stratum were then randomly assigned 
to groups. In both grade eight and grade ten, the composition item was administered 
in two formats, namely paper and desktop computer. Thus, two groups were formed 
in each grade level. Note that in grade eight, there were not enough computers avail-
able for exactly half of the students to work on during a single sitting. For this reason, 
60 students were randomly assigned to work on computer and the remaining students 
were assigned to work on paper.

Table 1 summarizes the studies conducted within each grade level and indicates 
the actual number of students within each group.
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Table 1: Number of Subjects Per Group by Grade Level

Paper Computer

Grade 8 85 59

Grade 10 74 71

Prior Computer Use 

In addition to performing the composition item, all students completed a com-
puter use questionnaire and a keyboarding test. The computer use questionnaire 
focused on students’ use of computers at home, in school, and during their normal 
writing process. In addition, the questionnaire collected information about students’ 
use of eMates (a portable word processor capable of displaying up to 20 lines of text 
and performing basic cut, copy and pasting functions) in school and during the writing 
process. Finally, the questionnaire queried students about their preference for taking a 
writing test on: a. paper or on computer, and b. paper or an eMate/AlphaSmart.

Keyboarding Test

To measure keyboarding skills, all students performed a computer based key-
boarding test. The keyboarding test contained two passages for which students had 
two minutes apiece to type verbatim into the computer. Words per minute unadjusted 
for errors were averaged across the two passages and were used to estimate students’ 
keyboarding speed. Both keyboarding passages were taken directly from encyclopedia 
articles to assure that the reading level was not too difficult.

Although there is considerable debate about how to quantify keyboarding abil-
ity (see Arnold, et al, 1997; Robinson, et al, 1979; Russon & Wanous, 1973; and 
West, 1968, 1983), for the purposes of this study, students average words per minute 
(WPM) uncorrected for errors was recorded. In each of the scoring guidelines used 
to rate student responses, spelling was not explicitly listed as a criterion raters should 
consider when scoring student responses. For this reason, students’ keyboarding errors 
did not seem to be directly relevant to this study.

Scoring 

All responses were scored independently by two raters. Of the ten raters employed 
for this study, five were full-time classroom teachers, four were advanced doctoral stu-
dents in an educational research program and one was an educational researcher. All 
of the raters were blind to the study design, student identities and the mode on which 
student responses were created. All raters participated in a one-and-a-half to two hour 
training session prior to scoring student responses.

For all of the items, the scoring criteria developed by MCAS were used (Mas-
sachusetts Department of Education, 2000a). The MCAS scoring guidelines for the 
composition items focused on two areas of writing, namely Topic/Idea Development 
and Standard English Conventions. The scale for Topic Development ranged from 1 
to 6 and the scale for English Conventions ranged from 1 to 4, with one representing 
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the lowest level of performance for both scales. Table 2 presents the category descrip-
tions for each point on the two scales.

Table 2: Category Descriptions for MCAS Composition Rubrics

Score Topic Development English Standards

1 Little topic/idea development, organization, 
and/or details

Little or no awareness of audience and/or 
task

Errors seriously interfere with 
communication AND

Little control of sentence structure, 
grammar and usage and mechanics

2 Limited or weak topic/idea development, 
organization, and/or details

Limited awareness of audience and/or task

Errors interfere somewhat with 
communication and/or

Too many errors relative to the length of the 
essay or complexity of sentence structure, 
grammar and usage, and mechanics

3 Rudimentary topic/idea development and/
or organization

Basic supporting details

Simplistic language

Errors do not interfere with communication 
and/or

Few errors relative to length of essay or 
complexity of sentence structure, grammar 
and usage, and mechanics

4 Moderate topic/idea development and 
organization

Adequate, relevant details

Some variety in language

Control of sentence structure, grammar 
and usage, and mechanics (length and 
complexity of essay provide opportunity 
for students to show control of standard 
English conventions)

5 Full topic/idea development

Logical organization

Strong details

Appropriate use of language

6 Rich topic/idea development

Careful and/or subtle organization

Effective/rich use of language

In addition to the general descriptions, MCAS also provides anchor papers and 
benchmark papers for each category. These exemplars are grade level specific and pro-
vide a variety of responses the prompt administered at each grade level. 

To reduce the influence handwriting has on raters’ scores (Powers, Fowles, 
Farnum & Ramsey, 1994), all responses to the open-ended items administered on 
paper were transcribed verbatim into computer text. The transcribed responses were 
randomly intermixed with the computer responses. All student responses were for-
matted with the same font, font size, line spacing and line width. In this way, the 
influence mode of response might have on the scoring process was eliminated. 

Scoring guidelines designed for each item were used to score student responses. 
To reduce rater bias all responses were double scored. To protect against differences 
in the severity with which raters scored responses and the effects of rater fatigue, all 
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responses originally produced on paper and on computer were intermixed and then 
distributed to raters. In this way, all raters scored an equal number of responses origi-
nally produced on paper and on computer. At the conclusion of the scoring process, 
scores awarded by two raters were added together to produce a Topic Development 
scale that ranged from two to twelve and an English Standards scale that ranged from 
two to eight.

To estimate inter-rater reliability, the original scores from both raters were used. 
The resulting scores were compared both via correlation and percent agreement meth-
ods. Table 3 shows that for most items the correlation between the two raters’ scores 
ranged from .55 to .64. Agreement within one point ranged from 89% to 100%. 
Although the inter-rater correlations were lower than desired, they suggest that when 
discrepancies arose, one set of raters was not consistently more or less lenient than the 
second set of raters. Although no information has been published regarding inter-rater 
reliability of composition scores for the actual administration of the MCAS composi-
tion items, the extent to which raters were within one point of agreement is similar to 
the frequency of agreement obtained for the actual MCAS open-ended scoring (Mas-
sachusetts Department of Education, 1999). 

Table 3: Inter-rater Reliability for Open-Ended Items

Correlation Coefficient % Within 1 Point

Grade 8

Topic Development .63 92%

English Standards .57 100%

Grade 10

Topic Development .64 89%

English Standards .55 97%

Results

The study presented here explores the relationships between prior computer 
use and performance on an extended composition item administered in grades eight 
and ten. To examine this relationship, three types of analyses were performed within 
each grade level. First, independent samples t-tests were employed to compare group 
performance. Second, total group regression analyses were performed to estimate the 
mode of administration effect controlling for differences in prior achievement. And 
third, sub-group regression analyses were performed to examine the group effect at 
different levels of keyboarding speed. However, before the results of these analyses are 
described, summary statistics are presented. 
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Summary Statistics

Summary statistics are presented separately for grades eight and ten. For the stu-
dent questionnaire, keyboarding test, and English grades, summary statistics are based 
on all students included in these two studies within each grade level.

Keyboarding Test

The keyboarding test contained two passages. As described above, the number 
of words typed for each passage was summed and divided by 4 to yield the number 
of words typed per minute for each student. Note that due to the passage length, the 
maximum keyboarding speed students could obtain was 59 words per minute. Table 
3 indicates that the mean WPM increased from 27 in grade eight to nearly 36 in grade 
ten. 

Table 3: Summary Statistics for the Keyboarding Test

N Mean WPM Std. Dev. Min. Max.

Grade 8 144 27.43 9.04 10 55

Grade 10 145 35.77 10.37 10 59

Student Questionnaire

The student questionnaire contained 12 questions. Although comparative data 
are not available, Tables 4a and 4b suggest that on average students in both grade 
levels included in this study have substantial experience working with computers. The 
vast majority of students report using a computer for three or more years, using com-
puters in schools, and using a computer in their home nearly every day. Furthermore, 
most students report that they use a computer at least once a month when writing a 
first draft. Slightly more students report using a computer two to three times a month 
to edit the first draft. And most students report using a computer regularly to write 
the final draft. Similarly, most students indicate that if given the choice, they would 
prefer to write a paper on computer than on paper. 

Tables 4a and 4b also show that the eighth grade students use portable writing 
devices about the same as do students in tenth grade. Recall, however, that those 
eighth grade students whose teachers regularly use portable writing devices partici-
pated in a separate study that compared performance on paper with performance on 
a portable writing device.
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Table 4a: Summary Statistics for the Student Questionnaire – Grade 8

Never
Less than 

One One Two Three
Four or 

More

Years using computer 1% 1% 1% 7% 18% 72%

Never

Less than 
1 hour/

week
1-2 hours/

week
2-5 hours/

week
1-2 hours/

day

More than 
2 hours/

day

Use computer in school 10% 69% 19% 2% 1% 0% 

Use computer at home 4% 2% 11% 35% 38% 11%

Use eMate/AlphaSmart 
in School

88% 12%

Never
1-2 times/

year
3-4 times/

year
Once a 
Month

2-3 times/
month

About 
Once a 
Week

Compose First Draft w/ 
Computer

15% 6% 5% 20% 18% 36%

Edit w/ Computer 8% 4% 4% 20% 27% 36%

Type Final Draft w/ 
Computer

1% 1% 1% 17% 25% 56%

Compose First Draft w/ 
eMate/AlphaSmart

91% 6% 1% 1%

Edit w/ eMate/
AlphaSmart

91% 5% 2% 1% 1%

Type Final Draft w/ 
eMate/AlphaSmart

90% 6% 1% 1% 1%

Paper
Computer

/eMate

Paper or Computer 
Preference

15% 85%

Paper or eMate/
AlphaSmart Preference

37% 63%
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Table 4b: Summary Statistics for the Student Questionnaire—Grade 10

Never
Less than 

One One Two Three
Four or 

More

Years using computer 1% 1% 1% 5% 7% 86%

Never

Less than 
1 hour/

week
1-2 hours/

week
2-5 hours/

week
1-2 hours/

day

More 
than 2 
hours/

day

Use computer in school 6% 41% 30% 14% 8% 1%

Use computer at home 1% 6% 10% 32% 36% 15%

Use eMate/AlphaSmart 
in School

71% 26% 3%

Never
1-2 times/

year
3-4 times/

year
Once a 
Month

2-3 times/
month

About 
Once a 
Week

Compose First Draft w/ 
Computer

16% 9% 6% 15% 22% 32%

Edit w/ Computer 11% 6% 6% 20% 21% 36%

Type Final Draft w/ 
Computer

1% 4% 3% 17% 31% 44%

Compose First Draft w/ 
eMate/AlphaSmart

87% 12% 1%

Edit w/ eMate/
AlphaSmart

88% 10% 1%

Type Final Draft w/ 
eMate/AlphaSmart

88% 10% 1%

Paper
Computer

/eMate

Paper or Computer 
Preference

32% 69%

Paper or eMate/
AlphaSmart Preference

45% 55%
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Indicator of Prior Achievement

Mid-year English grades were collected for all students included in this study. In 
both eighth and tenth grade, alphabetic grades (e.g., A, B-, C+) were awarded. These 
alphabetic grades were converted to a numeric scale as indicated in Table 5.

Table 5: Letter Grade to Numeric Grade Conversion Chart

Letter Grade Number Grade

A+ 97

A 95

A- 92

B+ 87

B 85

B- 82

C+ 77

C 75

C- 72

D+ 67

D 65

D- 62

F 50

Table 6 displays the mean and standard deviation for mid-year grades for each 
grade level. 

Table 6:  Summary Statistics for Mid-Year Grades

N Mean Std Dev Min Max

Grade 8 144 86.7 5.83 65 97

Grade 10 145 82.2 6.86 62 95
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Composition Scores

One extended composition item was administered to students in each grade level. 
As is explained more fully above, two scores were awarded to each composition. The 
first score represents the quality of the composition’s Topic Development and the 
second score indicates the quality of the student’s Standard English Conventions. 
Summary statistics are presented in Table 7. In addition to the mean score for students 
included in this study, the mean score for students across the state who performed the 
composition in the spring of 1999 are also presented. On average, students included 
in this study scored higher than students across the state.

Table 7: Summary Statistics for Composition Scores

N Scale Mean Std Dev
1999 Statewide 

Mean Score

Grade 8

Topic Dev. 144 2-12 8.41 1.84 7.18

Stand. English 144 2-8 6.26 1.19 5.67

Grade 10

Topic Dev. 145 2-12 7.60 2.12 7.18

Stand. English 145 2-8 6.45 1.24 5.97

Comparing Performance by Mode of Administration

In both grade eight and ten, independent sample t-tests (assuming equal variances 
for the two samples and hence using a pooled variance estimate) were employed to 
examine differences between the pre-assigned modes of administration. As described 
in greater detail below, in three cases the assumption of equal variances was violated. 
In such cases, Welch’s t-test was performed to examine differences between the pre-
assigned modes of administration. The null hypothesis for each of these tests was that 
the mean performance of the computer and the paper groups did not differ. Thus, 
these analyses test whether performance on computer had a statistically significant 
effect on students’ test scores.

To examine whether prior achievement or keyboarding skills differed between the 
two groups of students who performed each test, independent samples t-tests were also 
performed for students’ mid-term grades and WPM. In addition, independent sam-
ples t-tests were performed to examine differences in the length of students’ responses. 
In grade eight, the amount of time students spent working on their compositions was 
also collected. Given concerns that the MCAS tests consume a large amount of time, 
testing time was recorded in grade eight to examine whether drafting and revising on 
computer might reduce testing time without jeopardizing student’s performance. For 
this reason, testing time was also contrasted in grade eight.
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Grade 8

Table 8 displays results for the paper versus computer experiment. Although there 
was a small difference between the two groups’ mid-term grades, this difference was 
not statistically significant. On average, however, students writing on computer pro-
duced passages that were one and a half times longer than those composed on paper. 
More importantly, students who composed on computer also received higher scores 
for both Topic Development and English Standards. On average, students composing 
on computer scored 1.2 points higher on Topic Development and .7 points higher 
on English Standards. When the two sub-scores are combined, the computer group 
performed nearly two points higher than the paper group (see Figure 1). 

Table 8: Paper versus Computer Group Comparisons—Grade 8

Levene’s Test 
for Equality of 

Variances

Mean
Std. 
Dev.

Std. 
Error 

T-
statistic Sig.

Effect 
Size F Sig. 

Mid-Term Grade

Paper 86.3 6.11 .67

Computer 87.4 5.4 .70 1.09 .28 .18 .07 .79

Topic Development

Paper 7.9 1.8 .20

Computer 9.1 1.6 .21 4.05 <.001 .64 1.68 .20

English Standards

Paper 6.0 1.2 .13

Computer 6.7 1.1 .15 3.68 <.001 .61 .60 .44

Total Score

Paper 13.9 2.8 .30

Computer 15.8 2.5 .32 4.25 <.001 .69 .70 .40

Passage Length

Paper 457 144 15.7

Computer 709 243 31.6 7.13* <.001 1.74 14.1 <.001

Finish Time

Paper 107.8 8.2 .89

Computer 101.9 12.4 1.62 3.22* .001 -.72 11.0 .001

WPM

Paper 26.8 9.8 1.07

Computer 28.3 7.7 1.01 .97 .36 .15 2.62 .11

N for Paper Group=85

N for Computer Group=59

* Welch’s t-test used due to inequality of variance.



Effects of Computer Versus Paper Administrations of a State-Mandated Writing Assessment 20

Figure 1: Mode of Administration Effect on MCAS Language Arts Scores—
Grade 8
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It is also interesting to note that this higher level of performance was produced 
in less time. Although the difference in Finish Time was statistically significant and 
represents a sizeable effect size, in reality this six minute difference would have little 
impact on the total testing time.

Note that statistical significance for the t-tests reported above was not adjusted 
to account for multiple comparisons. Given that seven comparisons were made, there 
is an increased probability that reported differences occurred by chance. Employing 
the Dunn approach to multiple comparisons (see Glass & Hopkins, 1984), α for c 
multiple comparisons, αpc, is related to simple α for a single comparison as follows:
 αpc = 1 – (1-α)1/c

Hence, for seven comparisons the adjusted value of a simple 0.05 alpha level 
becomes 0.007. Analogously, a simple alpha level of 0.01 for a simple comparison 
becomes 0.001. 

Once the level of significance is adjusted for multiple comparisons, the difference 
in passage length, finish time and all categories of composition scores remain statisti-
cally significant. Moreover, as shown in Table 8, these differences in composition 
scores represent effect sizes of .61 to .69 (Glass’s delta effect size was employed (Glass 
& Hopkins, 1984)). These effect sizes fall in between those reported by Russell and 
Haney (1997) and by Russell (1999). These effect sizes suggest that while half of the 
students in the computer group received total scores above 15.8, approximately 25% 
of students performing the test on paper scored above 15.8.

To control for differences in prior achievement, a multiple regression was per-
formed for each experiment. Table 9 presents the results of each test score regressed 
on mid-term grades and group membership. For both regression analyses, the regres-
sion coefficient (B) for group membership indicates the effect group membership has 
on students’ performance when the effect of mid-term grade is controlled. Similarly, 
Beta indicates the effect group membership has on students’ performance when all 
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variables are standardized and the effect of mid-term grade is controlled. Group mem-
bership was coded 0 for the paper group and 1 for the computer group. A positive 
regression coefficient indicates that performing the test on computer had a positive 
effect on students’ test performance. A negative regression coefficient suggests that on 
average students who performed the test on computer scored lower than students who 
performed the test on paper.

Table 9 indicates that mid-term grades are a significant predictor of students’ 
Topic Development, English Standards and Total scores. For each one standard score 
unit increase in mid-term grades, on average students experience a .52 standard score 
increase in their Topic Development score, a .39 standard score increase in their Eng-
lish Standard score, and a .51 increase in their total score. Table 9 also indicates that 
after controlling for differences in mid-term grades, performing the composition item 
on computer has a positive impact on student scores. This impact includes a .25 stan-
dard score increase in students’ English Standards score, a .27 standard score increase 
in Topic Development score, and a.29 standard score increase in total scores. All of 
these effects are statistically significant. 

Table 9: Regression of Composite Total Score and Sub-Scores on Mid-Term 
Grades and Computer Group Membership – Grade 8

Topic Development

R=.61 B Std. Error Beta T Sig.

Constant -5.50 1.78

Mid-Year Grade  0.16 0.02 .52 7.61 <.001

Computer Group  0.96 0.24 .27 3.97 <.001

English Standards

R=.48 B Std. Error Beta T Sig.

Constant -0.50 1.27

Mid-Year Grade  0.08 0.02 .39 5.17 <.001

Computer Group  0.58 0.17 .25 3.39  .001

Total Score

R=.60 B Std. Error Beta T Sig.

Constant -5.99 2.69

Mid-Year Grade  0.23 0.03 .51 7.45 <.001

Computer Group  1.55 0.37 .29 4.22 <.001
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Grade 10

Table 10 indicates that there was a small difference between the two groups’ mid-
term grades. This difference, however, was not statistically significant. On average, 
passages composed on computer were one hundred words longer than those produced 
on paper. Responses composed on computer also received higher scores than those 
produced on paper. The effects were larger for English Standards than for Topic 
Development. After adjusting significance for multiple comparisons, the difference in 
both the English Standards and Total score were statistically significant. Moreover, 
the effect sizes for these differences ranged from .32 for Topic Development, .68 for 
English Standards, and .51 for the Total Score. The effect size for the total score sug-
gests that while about half of the students writing on computer scored above 14.8, 
approximately 30% of students performing the test on paper scored above 14.8. On 
average, students who composed on computer scored 1.5 points higher than students 
who composed on paper (see Figure 2). 

Table 10: Paper versus Computer Group Comparisons—Grade 10

 Levene’s Test 
for Equality of 
Variances

Mean
Std. 
Dev.

Std. 
Error 

T-
statistic Sig.

Effect 
Size F Sig.

Mid-Term Grade

Paper 81.9 6.2 .72

Computer 82.6 7.5 .89 .59 .56 .11 .64 .42

Topic Development

Paper 7.3 2.2 .25

Computer 8.0 2.0 .24 2.02 .05 .32 .47 .50

English Standards

Paper 6.0 1.3 .15

Computer 6.9 1.1 .13 4.43 <.001 .68 .82 .37

Total Score

Paper 13.3 3.1 .36

Computer 14.8 2.8 .33 3.21 .002 .51 .21 .65

Passage Length

Paper 462 138 16.1

Computer 567 292 34.6 2.77* .007 .76 4.55 .04

WPM

Paper 35.1 10.4 1.21

Computer 36.4 10.4 1.23 .74 .46 .12 .04 .84

N for Paper Group=74

N for Computer Group=71

* Welch’s t-test used due to inequality of variance.
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Figure 2: Mode of Administration Effect on MCAS Language Arts Scores—
Grade 10
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To control for differences in prior achievement, a series of multiple regressions 
was performed in which each composition score was regressed on mid-term grades 
and group membership. Table 11 indicates that mid-term grades are a significant 
predictor of students’ scores. For each one standard score unit increase in mid-term 
grades, on average students experience a .39 standard score increase in their Topic 
Development score, a .27 standard score increase in their English Standard score, and 
a .38 increase in their total score. Table 11 also indicates that after controlling for 
differences in mid-term grades, performing the composition item on computer has a 
positive impact on student scores. This impact includes a .15 standard score increase 
in students’ Topic Development score, a .33 standard score increase in English Stan-
dards score, and a.24 standard score increase in total scores. After adjusting for mul-
tiple comparisons, the effect was statistically significant for both English Standards 
and for the Total Score.
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Table 11: Regression of Composite Total Score and Sub-Scores on Mid-Term 
Grades and Computer Group Membership—Grade 10

Topic Development

R=.42 B Std. Error Beta T Sig.

Constant -2.50 1.94

Mid-Year Grade  0.12 0.02 .39 5.06 <.001

Computer Group  0.62 0.32 .15 1.93   .05

English Standards

R=.44 B Std. Error Beta T Sig.

Constant  1.98 1.13

Mid-Year Grade   .05 0.01 .27 3.63 <.001

Computer Group   .83 0.19 .33 4.44 <.001

Total Score

R=.46 B Std. Error Beta T Sig.

Constant -0.54 2.71

Mid-Year Grade  0.17 0.03 .38 5.13 <.001

Computer Group  1.45 0.45 .24 3.22  .002

Examining Keyboarding Speed and Mode of Administration Effect 

The regression analyses presented above (Tables 9 and 11) indicate that mode 
of administration had a significant effect on students’ performance. To test whether 
the effect of mode of administration varied for students with different levels of com-
puter skill, students’ WPM was used to form three groups. The first group contained 
students whose WPM was .5 standard deviations below the mean. The second group 
contained students whose WPM was between .5 standard deviations below the mean 
and .5 standard deviations above the mean. The third group contained students whose 
WPM was .5 standard deviations above the mean. For each group, the composition 
total score was regressed on mid-term grades and group membership. Below, these 
three sub-group regressions are presented separately for grade eight and grade ten.

Grade 8

In grade eight, “slow” keyboarders were defined as students whose keyboard speed 
was less than 23.8 words per minute. “Average” keyboarders typed between 23.8 and 
32.4 wpm. And “fast” keyboarders typed more than 32.4 wpm. Table 12 displays the 
results of the three separate regressions. For all sub-groups, performing the composi-
tion item on computer had a positive effect on their scores. Moreover, the size of this 
effect was similar at all three levels of keyboarding speed. 
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Table 12: Total Score Regressed on Mid-Year Grade and Computer Group for 
Each WPM Sub-group – Grade 8

WPM<23.8 N=48

R=.54 B Std. Error Beta T Sig.

Constant -1.72 4.68

Mid-Year Grade  0.17 0.06 .38 3.04  .004

Group  1.82 0.71 .32 2.56  .014

23.8>WPM<32.4 N=61

R=.55 B Std. Error Beta T Sig.

Constant -2.14 4.33

Mid-Year Grade  0.19 0.05 .42 3.82 <.001

Group  1.46 0.05 .32 2.96  .004

WPM>32.4 N=31

R=.45 B Std. Error Beta T Sig.

Constant 1.53 6.56

Mid-Year Grade 0.16 .07 .37 2.22 .035

Group 1.17 .67 .29 1.76 .09

Grade 10

In grade ten, “slow” keyboarders were defined as students whose keyboard speed 
was less than 30.6 words per minute. “Average” keyboarders typed between 30.6 and 
41.0 wpm. And “fast” keyboarders typed more than 41.0 wpm. Table 13 displays the 
results of the three separate regressions. The largest effect was found for students with 
slower keyboarding skills. In this case, however, slow keyboarding skills ranged from 
20 to 30 words per minute. In essence, no administration effect was found for average 
keyboarders, but a sizeable effect was found for fast keyboarders. 
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Table 13: Total Score Regressed on Mid-Year Grade and Computer Group for 
Each WPM Sub-group—Grade 10

WPM<30.6 N=43

R=.52 B Std. Error Beta T Sig.

Constant 1.28 4.62

Mid-Year Grade 0.13 0.06 .30 2.21 .033

Group 3.03 0.85 .48 3.58 .001

30.6>WPM<41.0 N=57

R=.55 B Std. Error Beta T Sig.

Constant -6.15 4.33

Mid-Year Grade  0.25 0.05 .54 4.77 <.001

Group  0.38 0.66 .07 0.57 .568

WPM>41.0 N=42

R=.31 B Std. Error Beta T Sig.

Constant 13.84 6.35

Mid-Year Grade  0.002 0.08 .001 0.003 .99 

Group  1.55 0.78 .31 1.98 .05

Discussion

The experiment described here extends the work of Russell (1999) and Russell 
and Haney (1997) in two important ways. In addition to examining the mode of 
administration effect in grade eight, this study examines the effect in grade ten. In 
many state testing programs as well as the National Assessment of Educational Prog-
ress, these two grade levels are commonly tested. Thus, it is important to understand 
the extent to which mode of administration affects the performance of students in 
these commonly tested grade levels. Second, whereas the previous studies primarily 
focused on relatively short open-ended items, this study focuses specifically on stu-
dents’ performance on extended writing composition items. Again, in many state level 
testing programs, extended writing items are employed. 

As in the two previous studies, this experiment found that students who wrote 
their compositions on computer produced longer responses that received higher 
scores. This effect was larger in grade eight than in grade ten, but was statistically and 
practically significant in both grade levels. 

Across both grade levels, the relationship between keyboarding speed and the 
mode of administration effect was inconsistent. Russell (1999) found that students 
need to have sufficient keyboarding speed before the mode of administration effect 
becomes meaningful. In the grade eight experiment presented here, however, this 
pattern did not emerge. Instead, the effect was positive, nearly the same size, and of 
practical significance at all levels of keyboarding speed. In grade 10, the pattern was 
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less consistent. Nonetheless, moderately large effects were found for both slow and 
fast keyboarders. One reason why these findings differ from that reported by Russell 
(1999) may stem from the relatively high level of keyboarding speed for all students 
included in these experiments. Whereas Russell (1999) reported an average keyboard-
ing speed of about 15 words per minute, average speed for the grade eight students 
included in this study was nearly twice as fast. Moreover, the average speed of students 
included in the low keyboarding level of this study exceeded the cut point for the 
high keyboarding level in Russell’s (1999) study. It appears that once students achieve 
keyboarding speed of roughly 20 wpm, the mode of administration effect becomes 
meaningful. The size of the effect, however, does not seem to increase further as stu-
dents’ keyboarding speed increases.

Limitations

This study focused on students in grades eight and ten attending school within a 
single district. This district tends to perform well above the state average on standard-
ized and state level tests. In the study presented here, very few students performed at 
low levels on the composition item. As a result, it was not possible to examine the 
mode of administration effect across the full range of performance levels.

Similarly, students included in this study were generally accustomed to working 
with computers. The relatively high level of keyboarding speed complicated efforts 
to examine the mode of administration effect at low levels of keyboarding speed. 
Additionally, students’ familiarity with computers prevented an examination of the 
mode of administration effect for students who are not accustomed to working with 
computers. Despite this high level of access to computers within Wellesley’s schools, it 
should be noted that seventy-five out of approximately three hundred districts across 
the Commonwealth of Massachusetts have a lower (better) student to computer ratio 
than does Wellesley (Massachusetts Department of Education, 2000b).

Since students’ scores on the composition item did not “count” toward students’ 
grades and did not become part of students’ records, many students in grade ten may 
not have put forth their best efforts. This was particularly true for the computer group 
which was proctored by a person who was not a teacher in the high school. Students 
performing the test on paper, however, were proctored by their English teacher. 
Although there were no severe behavioral problems reported, most students in the 
computer group were reported to have finished their compositions within the first 
fifteen minutes of the second writing period. Students in the paper groups, however, 
worked for nearly the entire period. Moreover, four responses generated on computer 
failed to address the question posed, whereas all of the responses composed on paper 
were on topic. For these reasons, data collected in grade ten may not accurately reflect 
students’ actual levels of performance.
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Implications

This study provides further evidence that students accustomed to writing on 
computers perform significantly better when open-ended tests are administered on a 
computer. For the MCAS Language Arts test, this improved performance translates 
into approximately two points on the composition item. But in addition to the com-
position item, the MCAS Language Arts test contains four short answer open-ended 
items each worth four points. Assuming that the effect found for the composition item 
and that the effect reported on the shorter open-ended items by Russell (1999) holds 
across all Language Arts open-ended items, students accustomed to writing with com-
puters may perform better by an additional two points on these open-ended items. 
Across all short and extended open-ended MCAS items, the mode of administration 
effect may result in an increase of four raw score points if students were allowed to 
compose responses on a computer. An increase of four raw score points translates into 
between four and eight point scale score points, depending upon where on the scale 
a student’s score resides. 

School Level Effect

Within Wellesley, eliminating the mode of administration effect for both the 
composition item and the four shorter open-ended items would have a dramatic 
impact on district level results. As Figure 3 indicates, based on the 1999 MCAS 
results, 4% of eighth graders would move from the “Needs Improvement” category to 
the “Proficient” category and 13% more students would be deemed “Advanced.” In 
grade 10, allowing students to perform written items on computer would move 14% 
more students into the “Advanced” category and approximately 7% more students 
into the “Proficient” category (Figure 4). 

Figure 3: Mode of Administration Effect on Grade 8 1999 MCAS Results
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Figure 4: Mode of Administration Effect on Grade 10 1999 MCAS Results
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Despite the limitations of the studies performed to date, the mode of administra-
tion effects reported here and in previous studies (Russell, 1999; Russell and Haney, 
1997) highlight a complicated challenge testing programs must overcome as they 
continue to use tests containing open-ended items to make inferences about student 
and school achievement. One solution state testing programs might adopt to reduce 
the mode of administration effect is to allow students to select the mode in which 
open-ended responses are composed. For the past decade, the Province of Alberta has 
employed this strategy for its graduation testing program. Over the past fi ve years, the 
province has seen the percentage of students opting to perform the English, Social 
Studies, Biology and French tests on computer increase from 6.7% in 1996 to 24.5% 
in 2000. Within high schools, the percentage of students opting to perform the test 
on a computer ranges from 0 to 80% (Sakyi, 2000).

Although this approach adds to the complexity of test administration procedures 
(see Russell & Haney, 2000 for a fuller review of added complexities), providing stu-
dents the option of working on paper or computer would create writing conditions 
that more closely refl ect normal practice. In turn, students would be better able to 
demonstrate their best possible work under the circumstances.
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Abstract

This study builds on two previous studies to examine the effect administering 
extended composition test items on paper and on computer has on student perfor-
mance. This study employs writing items from the 1999 Massachusetts Compre-
hensive Assessment System (MCAS) to examine the mode of administration effect 
in grades eight and ten.  Like the previous studies, this article reports that open-
ended Language Arts items that require students to generate responses using paper 
and pencil severely underestimate the achievement of students accustomed to writ-
ing using a computer. Combining the effects found in this study with those found 
in a prior study, this article estimates that students accustomed to writing using a 
computer under-perform on the MCAS Language Arts test by four to eight points 
on an eighty point scale.  This article concludes by recommending that state testing 
programs that employ open-ended items in Language Arts provide students with the 
option of composing responses on paper or on computer.


