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Abstract:

Increasing use of computers in schools has led to a mis-alignment between the
way some students develop skill and knowledge and how they are tested.  This paper
reviews past research that demonstrates that paper-based tests that require students to
produce written responses underestimate the achievement of students who are
accustomed to writing on computer.  The paper then explores how learning that occurs
through other instructional uses of computers is not adequately captured by current
testing practices.  The paper argues that new approaches should be explored to better
measure student learning.

A Tale of a Time Past

Imagine. Virtual reality transfers us back in time.1 The eraser-capped pencil was
invented just twenty years ago.  Since then, it has matured from a novelty item flashed by
the wealthy to a common household tool.  Students across the country are replacing their
quill and inkwells with pencils.  When asked why, they exclaim, “It’s so much easier to
write with a pencil.  I can let the ideas flow from my mind to paper without constantly
dipping my quill in ink, blowing dry each row of ink before moving on to the next line, or
worrying about how to correct mistakes.”   And in classrooms, teachers observe that
students write more and better with pencils than they did with the old fashioned writing
tool.

Yet, once a year, the state demands that students set aside their pencils and dig out
their dusty inkwells and worn quills.  For it is testing time and to insure standardization,
all students must write with the same tool.

For students who have not yet transitioned to the pencil, test day is just like any
other day, only the stakes are a little higher.  For those students fortunate enough to
attend schools that make pencils available to all students or who have parents that have
invested in pencils for them, testing day is one filled with frustration.  They have lost the
art of quill dipping and have difficulty applying the proper amount of ink to their quill
tips.  Accustomed to recording ideas as they flow from their mind, they forget to blow
dry each line of text.  As the clock ticks, they find both their words on paper and thoughts
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in mind growing more smudged.  At the end of the day, the best writers still produce
good work, but few pencil users are proud of their performances.  And their teachers
sense that their students’ essays do not reflect their true achievements.

The Story of Today

Fast forward to the new millennium.  Pencils are omnipresent, but are rapidly
being replaced by computers.  Increasing numbers of students across the country are
gaining access to this new writing tool at school and at home.  Beyond increasing the
fluidity with which students record their thoughts, computers help students see errors in
their writing, make more revisions to their writing, produce fewer spelling errors, and
develop a better sense of audience (Dauite, 1984, 1985; Wresch, 1984; Elbow, 1981;
Owston & Wideman, 1997).  Students who use computers regularly see measurable
improvements in the quality of their writing (Cochran-Smith, Paris & Khan, 1991,
Owston, Murphy & Wideman, 1992; Owston & Wideman, 1997).  Yet, on test day,
computers are forbidden and the performance of students accustomed to writing with
computers suffers.  Teachers know their students’ essays do not reflect their true
achievements.

What Research Reveals

Several studies have shown that the mode of administration, that is paper versus
computer, has little impact on students’ performance on multiple-choice tests
(Bunderson, Inouye & Olsen, 1989; Mead & Drasgow, 1993).  More recent research,
however, shows that young people who are accustomed to writing with computers
perform significantly worse on open-ended (that is, not multiple choice) questions
administered on paper as compared with the same questions administered via computer
(Russell & Haney, 1997; Russell, 1999; Russell & Plati, 2000).

Research on this topic began with a puzzle.  While evaluating the progress of
student learning in the Accelerated Learning Laboratory (ALL), a high-tech school in
Worcester, MA, teachers were surprised by the results from the second year of
assessments.  Since infusing the school with computers, the amount of writing students
performed in school had increased sharply.  Yet, student scores on writing tests declined
significantly during 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 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 to computer text 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
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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 differences
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).  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.  Similarly, taking the math test on
computer had a negative effect on students’ scores.  This effect, however, became less
pronounced as keyboarding speed increased.

A third study, conducted during the spring of 2000, found similar effects for
students in grades four, eight and ten.  In addition, this most recent study also found that
students accustomed to writing with eMates (portable writing devices capable of
displaying about twenty lines of text) also performed significantly worse when forced to
perform a state writing test on paper.  Furthermore, this study found that the mode of
administration effect was about 1.5 times larger for eighth grade students with special
education plans for language arts than for all other eighth grade students.

The effect was so large that eliminating the mode of administration effect for all
five written items on the state language arts test would have a dramatic impact on district
level results.  As figure 1 indicates, based on 1999 MCAS results, 19 percent of the
fourth graders classified as “Needs Improvement” would move up to the “Proficient”
performance level.  An additional 5 percent of students who were classified as
“Proficient” would be deemed “Advanced.”  Similarly, figure 2 shows that in grade eight,
four percent of students would move from the “Needs Improvement” category to the
“Proficient” category and that 13 percent more students would be deemed “Advanced.”
And within one elementary school (Figure 3), the percentage of students performing at or
above the “Proficient” level would nearly double from 39 percent to 67 percent.
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Figure 1: Mode of Administration Effect on Grade 4 1999 MCAS Results
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Figure 2: Mode of Administration Effect on Grade 8 1999 MCAS Results
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Figure 3: Mode of Administration Effect on Bates Elementary School 1999 MCAS

Results
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The Conflict

This mis-measurement of students accustomed to writing with computers is
problematic for three reasons.  First, several states make important high-stakes decisions
about students and their schools based on these test scores.  For students accustomed to
writing with a computer, these decisions are based on tests that underestimate their
achievement.  Decisions based on these inaccurate test scores mischaracterize students
and schools who have adopted computers as their tool for writing.

Second, the public and the press are increasingly pointing to stagnant test scores
as an indication that investments in educational technologies are not impacting student
learning.  In the case of writing, the current paper-and-pencil tests underestimate the
achievement of students who are using computers for writing.  As a result, improvements
may be masked by underestimated scores.

Third, as pressure to improve scores on state tests increases, some schools are
beginning to limit computer use for writing so that students are not mis-measured by
paper-and-pencil tests (see Russell, 1999).  After reviewing the first study described
above and following the introduction of the new paper-and-pencil MCAS test in
Massachusetts, one school required students to write more on paper and less on computer
(Russell, 1999).  In another Massachusetts school system, the principal feared that
students who wrote regularly on computer would lose penmanship skills, which might
lead to lower scores on the new state test.  This school increased penmanship instruction
across all grades while also decreasing students' time on computers (Holmes, 1999).
Such strategies, in effect reducing computer use in schools to better prepare students for
low-tech tests, may be pragmatic given the high stakes attached to many state tests.  But
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they are also shortsighted in light of students' entry after graduation into an increasingly
high-tech world and workplace.

A Short-Term Solution:  Provide Options

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 five 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 percent in 1996 to 24.5 percent in 2000.
Within high schools, the percentage of students opting to perform the test on a computer
ranges from 0 to 80 percent (A. Sakyi, personal communication, April 26, 2000).

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

To date, however, state testing programs have expressed considerable resistance
to providing students the option of writing on paper or on computer. Their reasons
include:

1. Concern that penmanship skills might deteriorate if students did not have to
write state tests by hand.

2. Concern that computers provide students with an unfair advantage because
there is something about the computer rather than the student that improves
the quality of student writing.

3. Concern that students in schools that do not have large numbers of computers
would not be able to take advantage of a computer option.

4. Concern that a computer option might increase scores for students in wealthier
districts that invest in computers and, in turn, increase differences in the
scores between urban and suburban districts.

Although I do not have room here to respond more fully to these concerns, I
believe they pale in importance given the high-stakes decisions that test scores are being
used to make about students, schools, and the impact of technology on student learning.
As Elana Scraba (personal communication, April 18, 2000), the Assistant Director of
Alberta’s Learning Assessment Branch, reasons,  “We are interested in students being
able to demonstrate their best possible work under the circumstances, and have always
believed that their writing tools should be compatible with how they normally write.”
The less performance on tests reflects what students can actually do, the less we can say
about student or school achievement and the role computers play in this achievement.
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Writing: The Tip of the Iceberg

When used appropriately over an extended period of time, computers can have a
positive impact on students’ writing skills (Cochran-Smith, Paris & Khan, 1991; Owston,
Murphy & Wideman, 1992; Owston & Wideman, 1997).  But writing is just one of
several types of learning that computers can help students develop.  Some other areas of
learning include:  a) problem solving; b) research; c) non-linear thinking; d) developing a
better understanding of concepts related to physics, earth science, biology, and chemistry;
e) collaboration; f) spatial reasoning; g) statistics; h) media; I) music theory; and J)
modeling and simulating complex mathematic, social, and scientific relationships.
Among all of these areas, only one is extensively measured by current state-mandated
testing programs, namely writing.  Yet, as summarized above, there is mounting evidence
that current testing methods seem to do a better job mis-measuring than measuring the
impact of computers on writing.

While I sympathize with those students and educators who believe that there are
already too many tests, I also believe that new instruments are needed to more accurately
measure the skills and knowledge computers help students develop.  To the public, tests
are seductive because they seem to provide objective, scientific measures of what
students know and can do.  In reality, tests are not as objective and scientific as the public
believes.  However, as Hawkins (1996, p 49) wrote, tests and other methods of
assessment do “provide us with the terms, images, and emotions of what it is important to
know.”  Until tests that measure the types of learning enabled by computers are
developed, it is likely that the public and policy makers will under-value the types of
learning influenced by computers.  In turn, the public and policy makers will continue to
under-estimate the impact computers have on student learning.

Arguably, some current tests measure problem solving skills, scientific
understanding, statistics and spatial relations.  However, the number and types of items
used to test students’ achievement in these areas is insufficient for assessing the impact of
computer use on these skills.  As just  one example,  an evaluat i on of  a Massachuset ts
school distr i ct  r ecent ly conduct ed by Russel l (2000) revealed t hat most thi rd and fourt h
gr ade teacher s i n thi s di str ict use comput er s as a par t of their  m at hem at i cs inst r ucti on to
hel p st udent s devel op spati al  r easoni ng ski l ls. However ,  on the stat e’ s fourt h gr ade test
( MCAS ),  only two of  the 39 released items r elate to spat ial reasoni ng.  I t  would be t enuous, 
at best ,  t o use changes in MCAS  scor es to exam ine t he i m pact  comput er use has on
student s’ mat h achi evement. 

S im il ar l y,  m ost  m at hem at i cs t est s include i t em s that test st udent s’  mathemati cal 
probl em  solvi ng ski l ls.  T ypical l y,  t hese it ems t ake t he form  of  wor d problems f or whi ch
student s m ust  def ine a f uncti on that  repr esent s the r el ati onshi p descr ibed,  plug i n the
appropr i at e num bers,  and perf or m  accurate comput ati ons.   Whi le i t  i s impor tant for 
student s t o devel op these m at hem at ical pr obl em -solving ski ll s, these ski l ls are not what
advocat es of  comput er use envisi on when t hey discuss the pot ent ial impact s of  comput ers
on st udent s’  pr oblem  sol ving ski ll s. 

 P robl em  solvi ng wit h com put er s is mor e than just  decodi ng text to defi ne
f unct ions.   As Dwyer  ( 1996,  p.18) descr ibes,  when devel opi ng pr oblem -sol ving ski ll s wi th
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com puter s,  “student s are encour aged to cr it i call y assess dat a, to di scover relat ionships and
pat terns, to compar e and cont rast,  t o t ransf or m inf or mat ion int o som et hi ng new. ”  T o help
student s assi mi late,  organi ze, and pr esent their  lear ni ng,  some t eachers have st udent s use
Hyper Car d and other  mult i medi a tools. 

Aft er  st udyi ng Hyper Card use in a sm all  set  of  ACOT cl assr oom s,  T ierney (1996,
p.176) concl uded:  “T echnology appear s t o have increased the likel ihood of  students’ bei ng
abl e to pursue mult i pl e lines of  t hought and ent ert ai n diff er ent per spect ives.   Ideas wer e no
l onger treat ed as unidim ensional  and sequent ial;  the technol ogy all owed student s t o embed
i deas wi thin ot her ideas,  as wel l as pursue ot her  f or ms of  m ult il ayeri ng and int er connect ing
i deas.  St udent s began spendi ng a gr eat deal of  ti me consideri ng l ayout ,  t hat is,  how the
i ssues that they wer e wr est li ng wi th mi ght be explored acr oss an ar r ay of  sti ll  pi ct ures, 
video segm ent s,  t ext  segm ents, and sound cl i ps.”

T hese f i ndings ar e echoed by teacher s i n ot her  school s.   Aft er  st udyi ng technol ogy
use acr oss cl assr oom s in one school distr ict , Russell  ( 2000,  p. 11) wr ot e:  “In addition to
exposing students to a larger body of information related to the topic of study, creating
HyperStudio stacks also requires students to more carefully plan how they integrate and
present this information.  As one teacher explains, ‘First they do the research and identify
what it is they want to include in their stack.  They then create a flow chart that depicts
how the pieces fit together. They sketch their stack on paper and then begin putting it into
the computer.’  Through this process, students develop their planning skills and learn to
anticipate how information will be received by their audience.”

Despite the skill development enabled by HyperCard and other multimedia
authoring tools, students who develop complex, high quality products using HyperCard
do not necessarily perform well on current tests.  While studying the impact of computers
on student learning in the Apple Classrooms of Tomorrow project, Baker, Herman, and
Gearhart (1996, p.198) found that “…a sizeable port ion of st udent s who used HyperCar d
wel l to expr ess t hei r under st anding of pr inciples, them es,  f act s,  and rel at ionships wer e so- 
so or  worse per form ers j udged by m or e t radi t ional  f or ms of  t est ing. ”  Over the past decade
t hese and si m il ar  f i ndings have led proponents of  com put er  use in school s t o concl ude t hat
t echnol ogy enables students t o devel op new com pet enci es,  “som e of  which wer e not  bei ng
captured by tradi ti onal assessm ent  m easur es” ( Fi sher,  Dwyer,  & Yocam , 1996,  p. 5) .  Whi le
I  suppor t thi s concl usion, I al so bel ieve cr it ics of com puter s in school s are begi nni ng t o see
t hi s ar gum ent  as a wel l- wor n cover  f or “l ukewarm  result s” (Jane Heal y as quot ed by
Westr ei ch,  2000). 

Upgr ading T esti ng Methods

I t is t i me t hat  t est ing and accountabil it y progr am s devel op and apply i nst ruments
and t est ing procedur es t hat  capt ur e the t ypes of  lear ni ng im pacted by com puter use.  T o
m ake thi s happen,  several  steps ar e requi red.

F ir st , educat or s and par ent s must dem and that the way st udent s ar e assessed
m at ches the medium in whi ch t hey t ypi call y wor k.   Advocat es for  disabl ed st udents have
l ong ar gued that st ate and local  assessment  pr ogr am s shoul d “al low students t he same
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assistance i n t he assessm ent pr ocess as t hey have i n the l ear ni ng pr ocess…” and reason that 
“it  i s onl y fai r that the assessment  of  what  t hey have learned shoul d al l ow f or  them  to
dem onst r at e their  knowledge and skil l s in t he way m ost appropri at e to them” ( Hehir , 2000, 
p. 50).   I  beli eve that the sam e argument  appl ies t o al l  students.  St udent s who are
accustom ed t o wri ti ng wi t h computers in school  or  at hom e shoul d be al lowed t o wri te wi th
com puter s whi le bei ng tested.   Sim il arl y,  as som e t esti ng pr ogr ams have begun to al low, 
student s who ar e accustom ed t o wor ki ng wi th gr aphi ng or  t r adit ional  calcul at ors should be
all owed to use these dur i ng t est s (wi th t he excepti on of  t est s that  measure students’  abi li t y
t o perf orm  calcul at i ons) . 

S econd,  educators and advocat es of  comput er  use in schools m ust  i nsi st  t hat  t est ing
progr am s devel op test s that measure st udent s’  t echnol ogy ski ll s.   Despi t e the l ar ge
i nvestm ent s schools have made i n com put er -r el at ed technol ogies, onl y two states col lect
i nf or mat ion about  st udent s’  t echnology skil l s.   And, unt il  r ecent ly,  paper- based m ul t iple-
choice tests were em pl oyed in both st at es.  Alt hough t eachers use com puters to help
student s develop a wide var iety of  skil ls, a t hor ough exam inati on of  t he im pact s of
com puter s on st udent  l ear ni ng m ust  i ncl ude measur es of students’ com puter  ski ll s.  As
Westr ei ch (1996, p. 23)  notes,  what  ar e of ten t er m ed basi c com puter ski ll s such as
keyboar ding are i n fact “im port ant  skil l[ s]  that  one needs i n order  to t ake m axi mum
advantage of  technol ogy. ”  Duri ng the past decade, many obser vers have al so t out ed t hese
ski ll s as essenti al  for the wor kpl ace ( see Smi th,  1999 for  a full er  revi ew of  t his l i teratur e) .
F or  students who do not have access to computers at  hom e, the devel opm ent  of these
essenti al com puter ski ll s r epresents an i mport ant  i mpact  of com puter  use in school s. 

T hi rd, instr ument s that measure the “ot her types of  l ear ni ng” possi ble wi th
com puter s must al so be developed.  But,  bef ore t hese instr um ent s can be devel oped, 
educator s and r esear cher s m ust be cl ear er  about what these new types of learning are.   It  i s
not  enough t o say t hat  comput er s all ow st udent s to devel op pr oblem sol vi ng,  sim ulati on or 
m odel ing ski l ls.  T est devel opm ent begins by defi ning the dom ain and const ruct s t o be
m easured.  Catch- phr ases li ke pr oblem  sol vi ng,  si mulati ng,  and model ing do not provi de
clear  descri pti ons of a dom ai n or const ruct .   As an exam pl e, researcher s at  t he Educati onal
T esti ng Servi ce are curr ent ly developing a com put er -aided assessm ent  t ask t hat wil l test
student s’ si m ul at ion ski l ls.  Duri ng a revi ew of  a pr el i mi nar y versi on of  t hi s task,  questi ons
wer e rai sed as to whet her  t he t ask was intended to test  a st udent ’s abil i ty t o devel op a
sim ul at i on of  a sci ent if i c exper im ent  or use a si mulator  t o sim ul at e a scient if i c exper im ent .
Alt hough com put er s are used i n school s to develop bot h types of  ski l ls, there i s a cl ear
diff er ence between t he two types of  ski l ls.  T o assi st test devel oper s, descr ipti ons of these
“new types of  l earni ng” must becom e mor e pr eci se. 

F inal ly,  we must ant icipate t hat  com put er -r el at ed technol ogy wil l conti nue t o
evolve much faster than the t echnology of  t est ing.  Alt hough I  cannot  pr edict  what
t om or row’s comput er -r el at ed technol ogies wil l  l ook like or what  types of learning t hey wil l
enabl e,  we m ust  nar r ow t he gap bet ween em er ging com puter -r el at ed technol ogies and new
t esti ng methods. T he problem is si mi l ar  t o t he di sj uncture between t he r esear ch
com muni t y’ s findi ngs about technol ogy and what  t eachers have lear ned f rom  t hese st udi es.
T o remedy the gap between r esear ch and pr act ice,  Norr is,  S mol ka and Soloway ( 1999) 
r ecom mend that researcher s coll aborat e wi th teacher s,  curr iculum devel opers,
psychol ogi st s, and other  pr of essional s who wor k wit h st udent s t o fi nd out  what inf or m at ion
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i s tr ul y usef ul  f or  educators.  Si mi l ar ly, I argue that  researchers must  work m ore cl osel y
wit h test devel oper s, devel oper s of new educat ional  t echnologies,  t eacher s,  cognit ive
sci enti sts, and students to predict how t hese new t echnologi es mi ght  aff ect st udent  l earning
and t o devel op inst r um ent s that  measure t hese const ruct s bef ore t hese new t echnologi es
have per meat ed large num ber s of  schools.

McNabb,  Hawkes & Rouk (1999, p. 4) ar e cor rect:   “St andar di zed t est scores have
becom e the accept ed measure wit h whi ch poli cym akers and the publi c gauge the benef it s
of educati onal investm ent s. ” Acknowl edging t hi s as reali ty, educat or s and r esear cher s m ust 
be pr oacti ve in est abl ishing adm inist rati on pr ocedures and i nst ruments t hat  provide mor e
accur at e m easur es of  t he types of learning educat ional technology i s bel i eved t o i mpact .
Unt il  t hese instr um ent s and procedur es ar e penned, test i ng pr ogr am s wi l l for ever  be m is- 
m easuri ng the i mpact  of com puter s on st udent  l ear ni ng.
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