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Abstract
On-line web-based technologies provide students with the opportunity to complete
assessment instruments from personal computers with internet access. The purpose of this
study was to examine the differences in paper-based and web-based administrations of a
commonly used assessment instrument, the Force Concept Inventory (FCI). Results
demonstrated no appreciable difference on FCI scores or FCI items based on the type of
administration. Analyses demonstrated differences in FCI scores due to gender and time of
administration (pre- and post-). However, none of these differences was influenced by the
type of test administration (web or paper). Similarly, FCI student scores were comparable
with respect to test reliability. For individual FCI items, paper-based and web-based
comparisons were made by examining potential differences in item means and by
examining potential differences in response patterns. Chi Squares demonstrated no
differences in response patterns and t Tests demonstrated no differences in item means
between paper-based and web-based administrations. In summary, the web-based
administration of the Force Concept Inventory appears to be as efficacious as the paper-
based administration. Lessons learned from the implementation of web-administered

testing are also discussed.
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A Comparison of Paper-based and Web-based Assessment

Since the late 1970’s, science educators have been experimenting with the use of
microcomputers for the conceptual and attitudinal assessment of their students (Arons,
1984, 1986; Bork, 1981; Waugh, 1985). Since the late 1980’s, multiple-choice, machine
scored, standardized instruments have been developed to assess the conceptual and
attitudinal state of introductory physics students. The Force Concept Inventory (FCI),
perhaps the best known of these standardized instruments, assesses student’s conceptual
knowledge of physics (see Hestenes, Wells & Swackhamer, 1992). Recently, Redish,
Saul, and Steinberg (1998) developed the Maryland Physics Expectations Survey
(MPEX), a standardized instrument which assesses the attitudinal state of physics students.
Both the FCI and the MPEX are widely used in the physics education research (PER)
community (Hake, 1998).

Although these instruments were initially used by experts for physics education
research (PER) only, more generalized interests in program evaluation, curriculum
development, justifying and guiding interventions in physics teaching practices and
comparing student learning and attitudinal outcomes have led to widespread desires to use
these instruments. Anticipating this interest, the FCI was published with the statement that
"[the FCI] is included here for teachers to use in any way they see fit" (Hestenes, Wells &
Swackhamer, 1992. p142). As one example of such use for program evaluation, the FCI
was recently adopted as one of a suite of instruments to be used for the regular and routine
assessment of student learning in the physics course sequences at Northern Arizona
University (Maclsaac, 1999).

There are administrative burdens associated with standard use of these instruments.
For instance, completion of one of these instruments requires approximately thirty minutes
of class, laboratory or recitation time. Since these instruments are typically administered

both pre- and post- instruction, each instrument could therefore consume up to an hour of
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scarce and valuable instructional time. In addition, resources required to duplicate,
administer, collect, collate, accurately code, score, record, and analyze the instrument data
are sharply limited in many departments, strongly discouraging regular and routine paper-
based administration of these instruments. Hake (1998) confirms that both the loss of
instructional time and the administrative overhead may discourage the regular use of these
instruments by many introductory physics insfructors. Hence our interest in alternative, non-
classroom administration of these instruments at NAU.

Web-based technologies provide students with an alternative to paper
administration - -the opportunity to complete assessment instruments from personal
computers via internet access (Titus, Martin & Beichner, 1998). Harvey and Mogey (1999)
suggest economies of time, scale and student effort are possible by amortizing
development of web coding infrastructure over many semesters, eliminating the need for
expensive optical scan forms, reusing instrument data for multiple reasons and establishing
uniform assessment administrations for future, continuing student use in following courses.
Danson (1999) suggests further advantages to web testing such as improved response
accuracy by reducing input response errors such as skipped rows of optically marked
bubbles and assuring statistical software interpretability by input checking and appropriately
constrained input selection. Cann & Pawley (1999) note that web pages can reduce

coding errors and write student-provided data directly to computer files that can themselves
| be used as input files for computerized statistical analysis, removing any further need to
code data for computer input. Web-based administration of standardized instruments can
even allow simultaneous collection of new kinds of data for improving the instruments
themselves (such as question latency data -- the length of time required for responses).

Security is another issue: web-administered instruments appear to trade security for
flexibility (Harvey & Mogey, i999). Authentication (verifying the identity of the person

completing an instrument) is difficult or impossible to ensure outside of a monitored
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computer laboratory. Web test takers may be inappropriately collaborating with others,
sharing questions with others, cheating or using reference materials.

Some student may also develop increased anxiety (Brosnan, 1999) associated
with computer use that could lead to distorted data. Finally, all students may not have ready
and appropriate access to computers and the web necessary to complete web
administered instruments (Harvey & Mogey, 1999), which may become less of an issue
for physics students as time progresses.

However, to be commensurate with the current collection of paper-administered FCI
~ data, the equivalence or mapping for web-administered version of standardized physics
instruments must be developed. As discussed by Brosnan (1999):

The American Psychological Association's (1996) Guidelines for Computer-based tests and
interpretations calls for equivaience to be established between the computerized and original
versions of the assessments. This necessitates comparisons of means, distributions, ranking of
scores and correlations with other variables. Tseng et al (1998) argue that for equivalence to be truly
established, individual characteristics should not differentially affect a person's responses to a

particular administration mode of an assessment.
Brosnan in Brown, Race and Bull, 1999, p49

To be widely used, the web-based administration of these instruments must be
characterized in terms of reliability, and results from the web-based administration of these
instruments must be statistically compared to results from standard paper administration. If
measurements from web-based administrations are explored, they can be corrected or
calibrated to paper-based administrations. Therefore, the purpose of this study is to begin
- this process by examining the differences in paper-based and web-based administrations

of the Force Concept Inventory.

Method

Data Source/Participants
The participants made up a sample of 1313 students, 233 (19.90%) women and

938 (80.10%) men. The majority of the students were Caucasian, in the age range of 18 to

22 years and therefore and age and ethnicity were not considered further. The participants
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were all were students from an introductory physics courses taught at medium sized

university in the midwest during the Spring of 2000.

Instruments

The Force Concept Inventory (FCI) is a 30 item muiltiple choice test which "requires a
forced choice between Newtonian concepts and common-sense alternatives" (Hestenes,
Wells, & Swackhamer, 1992, p. 142). The filler task was a 34 item Likert instrument, the

Values and Attitudes about Science Survey (VASS).

Procedure

During the Spring of 2000, two introductory physics classes participated. Each class
was divided into two roughly equal (verified within five percent for each recitation and for the
class overall) half-class groups by assigned all enrolled students to two half-class groups
by the random criteria of whether their eight digit student identification number ended in én
even or an odd digit. During the first week of the semester, thirty minutes was devoted to
testing. In each class, one half-class group was administered a paper-based FCI and then
asked to complete a web-based filler task (VASS) in the next seven days. The other half-
class group was administered a paper-based filler task (VASS) and then asked to
complete the web-based FCI in the next seven days. The filler task was a questionnaire
about student's attitudes towards science (VASS). This entire data collection process was
repeated during the last week of the semester with students who started the semester
taking a paper-based FCI ending the semester taking a web-based FCI.

Each student was supplied with the web address for the test appropriate to their
assigned half-class group. No training was provided to the students for taking either test on
the web. Further, there was no attempt to authenticate the web users. Rather, each
student's work was accepted as their own. Times for overall test completion were recorded
along with the time and date the student submitted the test form for grading. This information

was used to ensure that students took no longer than 30 minutes to complete the test and
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that they took the test within the seven day period.

All of the tests were graded as to completeness and counted as the as equivalent of
one homework or quiz depending upon the class. Grades of 0, 1, or 2 of two points
E)ossible were assigned for satisfactory completion of the paper-based and web-based
FCI and VASS tests. With respect to final class grades, students’ participation comprised
four points out of one thousand total points, so that completion or non-completion had

negligible impact.

Resulits

As a result of the paper-based and web-bésed administrations, 131 3 students
participated in the study. Pre-test data collected at the beginning of the semester totalled
1173 usable tests while the post-test data collected during the last week of the semester
totalled 825 usable tests. (Tests that were turned in after the seven day period or that were
taken for longer than 30 minutes were deemed unusable for the purpose of this analysis.)
Student scores on the FCI were calculated by adding the total number of correct answers
with a total possible FCI score being 30. The pre-test mean was 15.25 (N = 1173,
SD =5.69) and the post-test mean was 19.17 (N = 825, SD =6.44).

Paper-based Versus Web-based FCI Student Scores

Previous research has indicated differences in FCI scores due to gender. Therefore, to
examine differences in paper-based and web-based FCI student scores a 2 X 2 ANOVA
was used (2 genders, 2 types of FCI| administration). An alpha level of .01 was used for all
statistical tests. For both the pre- and post-tests, significant differences were found for the
main effect gender and no significant differences were found for the main effect, type of FCI
administration. For the first-order interactions, no significant differences were found due to

type of FCI administration (see Table 1 for statistics).
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Table 1

Two-Way ANOVA summary table for gender, type of FCI| administration
for FCI Pre-Test. |

Source df MSe E

Pre-Test (n=1173)

gender | 1 328511  111.31*
administration | 1 1.01 .03
gender x administration 1 19.02 .64

Post-Test (n=825)

gender 1 2345.73 60.44*

administration 1 24.22 .62

gender x administration 1 19.07 .49
p < .01

To further examine potential differences in the student scores on the paper-based and
web-based administrations of the FCI, Cronbach's alpha was calculated separately for the
paper-based and web-based administration of the FCI for the pre-test, post-test (see

Table 2). As we see from the table, these alpha levels appear to be comparable.
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Table 2

Cronbach's Alpha for paper-based and web-based versions of FCI pre-

test, post-test.

pre-test post-test

Version n alpha n alpha
Paper 614 .83 407 .87
Web 559 .84 418 .89

Paper-Based Versus Web-based Individual FCi items

Differences in the paper-based and web-based administrations of the FCI for individual
items was explored using t Tests. A probability level of .01 was used for all statistical tests.
The F statistic was used to determine whether the variances of the paper-based and web-
based administrations of each item were equal. Only one item (number 6) demonstrated a
significant difference between paper-based and web-based administrations and this

occurred only during the post-test (see Table 3 for statistics).
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Table 3

Resullts of t Tests™ for paper-based and web-based administrations of FCI items

for pre- and post-test times

Pre-test Post-test Pre-test Post-test
ltem F, prob<F _F, prob<F ltem F, prob<F __F, prob<F
item 1 1.00, .98 1.09, .38 ftem 16 1.03, .74 1.27, .02
ltem2 1.01, .90 1.04, .71 Item 17 1.09, .30 1.09, .36
item 3 1.03, .73 1.10, .33 Item 18 1.01, .86 1.00, .99
Item4  1.04, .61 1.02, .86 Item 19 1.00, .98 1.02, .85
tem5 1.18, .05 1.00, .99 Item 20 1.02, .81 1.00, .96
Item 6 1.17, .06 1.46, .001* Item 21 1.01, .93 1.00, .97
item7 1.02, .80 1.09, .38 Item 22 1.00, .98 1.10, .31
Item 8 1.08,.36° 1.10,.35 ltem 23 1.01, .89 1.00, .99
Item 9 1.01, .91 1.01, .89 Item 24 1.21, .02 1.13, .21
ltem 10 1.02, .83 1.00, .97 Item 25 1.04, .63 1.01, .91
Item 11 1.00, .97 1.01, .94 Item 26 1.01, .87 1.02, .83
Item12 1.02, .81 1.16, .13 Item 27 1.13, .15 1.01, .88
Item 13 1.05, .58 1.05, .61 tem28 1.00, .99 1.00, .98
Item 14 1.04, .64 1.13, .17 Item 29 1.00, .99 1.02, .86
Item 15 1.01, .93 1.00, .98 Item 30 1.02, .77 1.02, .87

df = (614, 569) for all pre-tests, and df = (418, 407) for all post-tests:

Chi Square tests of the paper-based and web-based administrations of each item
were conducted to determine whether the response patterns (patterns of A, B, C, D, or E
responses) of the paper-based and web-based administrations differed. A probability
level of .01 was used for éll statistical tests. Two items demonstrated a significant difference

in the response patterns for paper-based and web-based administrations at both pre- and
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post-test (numbers 17 and 30, see Table 4).
Table 4

Results of %2 tests for paper-based and web-based administrations of FCl items for pre-

and post-test.

Pre-Tests Post-Tests Pre-Tests Post-Tests
Item cAp c;ip Item | ccp ccip
Iltem 1 1.73,.78 215, .71 item 16 5.26, .26 6.95, .13
Item 2 6.29, .18 8.02, .09 item 17 563.36, .001* 272.10, .001*
ltem 3 3.94, .41 6.88, .14 ltem 18 1.01, .91 3.89, .42
Item 4 6.15, .19 ~ 9.62,.05 Item 19 0.99, .91 9.53, .05
Item 5 7.67, .10 3.72, .45 ~Item 20 3.69, .45 1.17, .88
Item 6 11.68, .02 11.63, .02 item 21 11.26, .02 4.26, .37
Item 7 8.49, .08 5.61, .23 Item 22 3.08, .09 6.13, .19
Item 8 10.41, .03 8.52, .07 Item 23 6.92, .14 | 1.56, .82
Item 9 4.27, .37 .43, .98 item 24 6.42, .17 5.40, .25
item 10 3.91, 42 . .36, .99 . ltem25 -10.04, .04 450, .34
item 11 4.60, .33 - 4.43, .35 Item 26 2.54, .64 10.17, .07
Item 12 5.32, .26 2.21,.70 Item 27 6.64, .16 6.80, .15
item 13  12.09, .02 4.10, .39 Item 28 5.55, .24 37, .98
Item 14 4.36, .36 7.48, .11 Item 29 4.76, .31 6.71, .15

Item 15 2.01,.73 5.74, .22 item 30 14.74, .01 14.75, .01

~df = 4 for all tests

Summary of Results
The results of these analyses demonstrated little appreciable difference on FCI scores

or items based on the type of administration. While the results of a 2 way ANOVA

demonstrated differences in FCI student scores due to gender and time of administration,
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none of these differences was influenced by the type of test administration. Additionally,
FCI student scores were comparable with respect to reliability. For individual FCI items,
paper-based and web-based comparisons were made by examining potential differences
in item means and by examining potential differences in response patterns. Again, very
few differences in item means (as demonstrated by t Tests) and in response patterns (as
demonstrated by Chi Squares) were found between the paper-based and web-based
FCI 'items. In summary, the web-based administration of the Force Concept Inventory
appears to be as efficacious as the paper-based application.

Significance and Discussion

This study sought to examine potential differences in paper-based and web-based
administrations of the Force Concept Inventory. The results of these analyses
demonstrated no appreciable differences on FCI scores or items based on the type of
administration. While the results of a 4 way ANOVA did demonstrate differences in FCI
student scores due to different sections, courses, and gender, none of these differences
were influenced by the type of test administration. FC| student scores were comparable
with respect to both reliability and predictive validity. For individual FCI items, paper- and
web-based comparisons were made by examining potential differences in item means
and by examining potential differences in response patterns. Again, no differences in item
means (as demonstrated by t Tests) and no differences in response patterns (as
demonstrated by Chi Squafes) were found. In summary, the web-based administration of
the Force Concept Inventory appears to be as efficaéious as the paper-based
administration.

Although this study reports no differences between web and paper-administrations
of the FCI, there are a number of issues related to web-administered testing of concern to
students, instructors and researchers. The first of these is academic dishonesty. In our study,
students were awarded only a small grade (1-3 points maximum from 1000 total for the

course) for completing the survey. We wanted to encourage students to participate and to

Q
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be conscientious in their responses, yet minimize the incentive to cheat. We did not
prevent students from copying or printing out the test, nor did we authenticate that the
students were who they claimed to be. There is no practical way of doing these things
without requiring students to take the test in a proctored computer lab; a solution which has
been used at other institutions (e.g. Harvard). In earlier research, we developed the
expertise to reduce the likelihood of inappropriate printing or sharing of the instrument by
restricting access to the online tests with a changing login and password that was only
functional for limited times at the start and end of the semester. Originally, our software
reported the number of correct responses for the instrument back to thé student; we
removed this feedback after having an experience where a student repeatedly submitted
the survey while varying answers trying to maximize their score. Now the instrument
simply thanks the student upon submission.

Another issue related to web-administered tests is the resolution of the student's
computer video monitor. Computer video monitors have a much lower resolution than
paper printouts (typically 72 dots per inch vs. 600 dots per inch). In the present study, the
paper-administered FC| was a direct printout of the web pages (Fig 1). However, the finer
resolution of the laser printer made it easier to read both the text and graphics, particularly
the vectors and dotted lines which indicated trajectories. While Clausing and Schmitt (1988,
1990a, 1990b) found that with reasonablé diligence, there was no a difference in reading
errors between computer video monitors and paper-printed tests, the finer paper

resolution may still be more comfortable to work with.
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i ?!I“ Completion of this form implies you have given your consent to participate in this acti vify. Alfernative assignments replacing this one are
F &
avalable upon regquest from yowr instructor.

Mechanics Concepts Survey

Do not skip any questions. Avoid guessing, Your answers should reflect what you actually and honestly think.
Plan to finish the survey in 30 miutes.

i LastName:

fect | ¢} click & select] 2]

Student 1d#: | © Professor: [ click & se

Gender: @ Male @ Female

1.Two metal bells are the same size but one weighs twice as much ss the other. The balls are dropped from the roof of a single story building at
the same instant of time. The time it takes the balls to reach the ground below will be:

Q@ about half a5 long for the heavier ball as for the lighter one.

Q @®) about half as long for the lighter ball as for the heavier one.

O«© about the same for both balls.

Ci (G considerably less for the heavier ball, but not necesserily half as long,
Qe considerably less for the lighter ball, but not necesserily half as long,

2.The two metal balls of the previous problem roff off a horizontal table with the same speed. In this situation:

eX6)) both balls hit the floor at epproximately the same horizontal distance from the base of the table,

Qw) the heavier bell hits the floor at about half the horizontal distance from the base of the tatle than does the lighter bell
Q@ the lighter ball hits the floor at about halfthe horizontal distance from the base of the table than does the heavier ball.

the heavier ball hits the floor considerably closer to the base of the table than the ighter ball, but not necessarily et haif the
horizontal distance.

the lighter ball hits the floor considerably closer to the base of the table than the heavier ball, but not necessenly et half the
horizontal distance.

Figure 1: The FClI in scrolling format, matched to standard paper instrument.

In addition, it was difficult for students using a smaller computer monitor to see
several test questions togethef with the accompanying diagrams. Conversely, printed
pages afford students the opportunity to easily flip back and fbrth or lay successive pages
side by side. For the web-administrations, this can only be accomplished by the unwieldy
process of scrolling back and forth. A new version of our software for administering
instruments works around this by allowing flipping back-and-forth style access to other items

on the instrument while simultaneously collecting latency data by the individual item (see Fig
2).
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6. Which of the arrows is in the direction of the net force on charge B?

-1 +1
AS B

+1
®C

Q (a)/@ (b)/ Q @C)+—— Q@ T @ (e) none of these

Dr.Maclsaac

Figure 2: A web-administered standard instrument in item latency format.

Finally, the paper-administered FCI coding sheets demonstrated problems. In our
study, the optically-encoded scanned bubble sheets produced errors due to skipped rows
of questions and incomplete erasures. We eliminated such errors from our data set by
rigorously proofreading and screening bubble sheets prior to scanning, and by comparing
scanner output files to the original bubble sheets. Such proofing is unlikely to occur with
typical paper-administrations, as it poses a significant additional burden on the instructor.

Eliminating the use of bubble sheefs and allowing students to mark directly on the test might

BEST COPY AVAILABLE

s -
(o)}



Paper- vs. Web-based Testing 16

alleviate this problem, but would complicate the grading process. In comparison, the web

administered FCI used "radio buttons" for responses. These buttons accurately code only

one solution per question, allowed students to cleanly change responses (i.e. no erasing),

and aligned each and every response with the question text and graphics on the screen.
Conclusions and Implications

This study demonstrated no differences between the paper-based and web-based
administration of a major standardized physics test, the Force Concept Inventory. The main
implication of this finding is that, at least for the FCI, web-based administrations could be
used in place of paper- administrations, thus saving precious instructional time, reducing the
administrative overhead associated with testing, grading, and photocopying thus cutting the
costs associated with large scale data collection. Further, web-based administrations offer
information that paper-based administrations do not. For example, item latency and
completion data can be collected.

We are extending this research by investigating the possibility of creating a web-
based "Physics Testing Center" that could administer tests and feed resulting
measurements directly into a modern database. Such a testing center would allow for the
routine collection of conceptual and attitudinal data and be available for longitudinal studies of
student learning and instruction. This would enhance our understanding of programs and
pedagogy both inside and outside our university. Another use of a Physics Testing Center
would be the opportunity for researchers to pilot and standardize new instruments by
providing access to large numbers of student participants. Faculty from other departments
have seen our efforts and have started the design and develop of 'screening’ instruments
intended for student guidance and placement in the gatekeeper science courses at NAU.

Along these lines, the authors have begun to collaborate with other researchers and
institutions in an attempt to create such a centralized web-based testing center and common
database. In addition, we are expanding our on-line standardized testing effort to include

other instruments. Specifically, we are readying the Conceptual Survey in Electricity and

Q
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Magnetism (Hieggelke, Maloney, O'Kuma, & van Heuvelen, 1996) for web-based

administration.
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