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紙筆テストとコンピューターベースト・テストの
　　　　解答斯要時間と得点分布の比較可能性

藤芳衛＊
藤芳明生紳
石塚　智一＊（2000）

要　　約

　本研究は通常の紙筆テストと湧5年に開発したコンピューターベースト・テストの比
較可能性を評価するため，大学入試センター試験の国語・数学・英語の3教科の解答所
要時間と得点分布に関して両テスト・メディアを比較する実験的分析である。実験に使

用したコンピューターベースト・テストはペン・コンピュータを使用し，紙筆テストを
できる限り忠実にシミュレートできるように設計した。紙筆テストの紙をコンピュータ
画面に，鉛筆を電子ペンにそのまま置き換えた。

　両テスト・メディアの解答所要時間と得点分布の比較可能性を検討するため行った
豊鈴6年の先行実験において，国語の得点だけに有意差が認められた。しかし，紙筆テス
ト群とコンピューターベースト・テスト群とは被験者群が異なるため，有意差の原因が
テスト・メディアの違いに起因するか，あるいは被験者群の相違に依存するかが明らか
ではなかった。

　本評価実験では実験計画としてラテン方格法を採用し，両テスト・メディアのテスト
を同一の被験者群に同時に実施することにより，被験者群の相違に依存する要因の影響
をできる限り排除した実験を行った。この結果，大学入試センター試験の国語・数学・
英語の3教科に関して通常の紙筆テストと本コンピューターベースト・テストで測定し
た解答所要時間と得点分布は比較可能であった。

＊大学入試センター研究開発部

綿茨城大学工学部
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C~mpar~bfility ~f rap~~-a~d=re~ct~ Te~ts a~d Compat~r= 

Sa~~d Teat~ i~ Te~m~ rf~)istributio~~~ of Comptetiom Tiue 

a~d S~or~ 

Mamoru Fujlyoshr* 
Akio Fujtyoshi* * 

Tomoichi Ishizuka* 

A bstraci 

This expeiuentai study was conducted to assess the comparabilhy of conventiona~ paper=and=Pencil tests 

and the computer=based tests which were developed in 1 995. The assessment was to compare the distributions 

of completion time ~time needed to complete test items) and score on the 'cwo test media used for ~apanese, 

Mathematics and English tests in the Nationai Cen'cer Test for University Admissions. The computer=based tcst 

was designed to sirncia'ce the conventiona~ paper=and=Pencil tesi as faithfu~ly as possibie. lt ennployed a pen 

computer. A paper=and=Penci~ test sheet was displayed on the computer screen, with the pencil being replaced 

by the electronic pen. 

The comparabilhy of distributions of completion time and score was experimentaily assessed in 1 996. As 

the subject groups to whom admiustered the paper=and=Penal and computer=based tests were adrlinistered, 

were different, it was unclear as to whether ･the cause of the significan~ difference ncted in scores for Japanese 

was due to the difference in the test media, or to the difference between the two subj ect groups. 

This experimentai assessment employed a Latin=square design, and both subject groups were 
simultaneously administered tests on the two test media to minimize the eff;ects of difference between subjeet 

groups. It was concluded that the distributions of completion time and score for the paper=and=Pencil ~ests and 

the connputer=based tests were comparable. 

Key Wor~s : paper=and=Pencil tes~, compu'~er=based test, item cumula'cive time=completion rate curve, item 

cumula'~ive time=score rate curve, Nationai Center Test for University Admissions 

~ htroduc~iori 

This e*^perimen'cai assessment was conducted for 

the purposes of investigating the comparability of 

distributions of completion time ~time needed ~o 

complete test items) and score measured by the 

conventional paper=and=Pencil test ~PPT) and the 

computer=based test ~CBT~ developed in 1 995. 

Employing a pen compu'cer, the CBT was designed to 

simulate the answering process of the PPT of the 

National Center Test for Univershy Admissions 

using opticai readable marking sheets as f-aithfu~ly as 

possible (Fu_Ijiyoshi & Ishizuka, 1 996). The PPT 

sheet was displayed on the compu'cer screen, with the 

pencil being replaced by the electronic pen. 

The results of the experimental assessment in 

1 996 suggestcd that we should improve the 

experimentai methodalogy needed iuprovement. 

The distributions of completion time and score for 

* Research Division, The National Center I~or University Entrance Examinations 

* * Faculty of Engineering, Ibaraki University 
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Japanese, rvia'thematics, and English tests in the 

Nationai Cen'~er Test I'or Universty Admissions 

difflered nininally be'~ween the PPT and the CBT._, 

however it was only for J'dpanese ~ests th-dt the mean 

score I'or the CBT was significan'~ly lower than that 

for the PPT ~Fuji~Jbshi & lshizuka, 1996). Since the 

PPT su_bj ect grou_p and the CBT su.bj ec~ group were 

difflerent, it was unclear as to whether the cause of 

this signil~rcant dif~erence was related to the 

difference in the two test media, or to the di~:**erence 

between the two .subject groups. 

This new experimentai assessment ernployed a 

Latin.square design, that is, both subject groups were 

si_multaneously administered the tests on the two test 

media to eliminate the ef~ects of difference between 

subj ect groups, in order to i~1gure oct the problems in 

the previous assessment The Latin=square design is 

considered to be one of the most precise 
ex_peiuental designs to detect effects of test media. 

Mazzeo et al. used a single=group counterbalanced 

equating design and investigated the cornparability 

of scores from the PPTS and the CBTS of the 

Callege=Level Examin-dtion Program (CLEP) 

Gener-ai E~iunations in Mathematics and English 

Composition (Mazzeo, Druesne, Rafiield, Checketts, 

& Muhlstein, 1 992 ~. The singie=grou p 
counterbaianced equating design is the same as the 

design I of the six designs I'or test equating 

proposed by Angoff ~~971). In general, I"or a given 

sample size, gre~'~er precision is obtained from this 

design than from random groups or anchor=test 

designs ~Mazzeo et ai, 1992). The Latin=square 

design is simi~ar to the single=group counterbaianced 

equating design. For the sing:1e=group 
counterbaianced equating design, the diffiiculty of 

test sets shou~d be equated in advance, However, it is 

not necessary for the Latin=square design. 

~n order to compare the distributions of 

compietion thne and test score for the PPTS and the 

CBTs, itern cuinulative time=completion rate curves 

and item cumul-ative time=score rate curves were 

newly defined ~see Appendix~ and employed in this 

stu dy. 

2 The CBT 

The CBT was designed to sirnula_'ze tlle PPTS by 

ernploying the optical readable marking sheets as 

used in the Nationai Center ..Test as I~'dithfu~ly as 

possibie. Pen compu'~ers (Amhy SV) supplied by 

lviitsubishi E~ectric Corporation were ernployed in 

the research. The com~puters are of light=Weight 

design, 29.6 cm ~ong, 22.8 crn wide and 2.54 cnl 

thick. The upper face of the computer is equipped 

with a 1 6=g:r-dy scale monochrome liqu_id crysta~ 

dispiay, which is 20.6 cln iong and 15.5 crn wide. 

Resolu'~ion of the dispiay is 768 x 1024 pixels. 

An electronic pen is used as an inpu~ device. The 

position of the tip of the pen and the sta'~us of the 

switches on its tip and side, are detected whenev~er 

the pen is touched on the display. Data may therer~ore 

be entered by simply touching the pen on the display. 

So'rtware was written in Vrsua~ BASIC Ve.r. 2.0 

(Microsoft Corporation~, and run under MS 

Windows Ver. 3 . ~ ~Microsoft Corporation). Figure ~ 

shows the first question screen of the Mathematics 

test. Notes have been handwritten on the screen. 

The procedure of the CBT is sinilar to the PPT 

in that al~ questions may be answered using a singie 

electronic pen. Questions on an"y page may be 

displayed on the screen as required, as wel~ as any 

notes handwritten on the screen, and answers can be 

en'~ered in the electronic mark..ing sheet Ifieid on the 

screen ai~ filnctions perfomed vith the e~ectronic 

pen. Questions may be reviewed as often as 

necessary, and answers can be corrected as required. 

Recording of the answering process is f~~ly 

~du_toma'ced. Each time a page is tumed over, the page 

number and time are recorded -duto~natically on the 

internai hard disk dnve. Each time the electronic pen 

is touched on 'a mark..ing sheet Ifield the item nuniber, 

choice number and time are recorded. The score is 

aiso recorded if the answer is correct. 
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3 Experirnen~ai Assessmer}~ 

3.~ Pv~pose 

The purpose of tbis assessnr&ent was to in-vestigate 

the compar-dbilhy of the conventionai PPTS and the 

CBTS in tenns of the distributions of cornpletion 

time and score in the I~lationai Center Test for 

University Admissions. The assessment used the 

Latin=square design ~o resoiv~ problems of 

methodology reveaie~ in the previous assessment in 

1996 ~Fujiyoshi & lshizu~ka, 1996~-

3.2 Meihod 

Due to the n-dture of the tests it is necessary to 

prealude the sarr&e subjects being administered the 

same questions on both of the two test media. A 2 x 

2 Latin=square design using ~ 6 repea'~s was 

employed. Table I shows the design plan. 

T'able ~ 

The Experimentai Plan of Latin=Square Design 

Sub 'ect Grou 

Subjects were 32 first year university students, 

en'cering universky in ~ 996, and having taken the 

Na'cional Center Test for University Admissions in 

Japanese, Mathematics and English. 

The test sets used in the e-^perilnent consisted of 

set A and set B for each of the Japanese, 

Mathernatics and English exams, and were prepared 

from q_.uestions previously used in the National 

Center Test. The nulnber of questions in each test set 

was approximately equivalent to the amount of 

material fot 40 minutes of the Nationai Cen'cer Test. 

Each cel~ of the Latin=square design contained 

two additional factors in the experiment. The 

university departmen'~ factor consisted of two levels, 

literature and natura~ sciences, and the administration 

order factor consisted of the two ievels, PPT=1first 

and CBT=frrst adininistrations. Vale and femaie 

subj ects were approximately equai in number. 

The test procedure started with issuing 

instructions, after which the subjects answered test 

questions in accordance with the work=limit method. 

A time lint was nct required. 

3.3 Results 

Group l Group 2 

Test 

Media 

C omp~u:ter-

Based Test 

Paper-and= 
Pencil Tes~t 

Test Set A 

Test Set B 

Test S*_t B 

Test Set A 

The factors in the experiment were the two ievels 

of test media ~PPT and CBT~, the two levels of 

subj ect groups ~group ~ and group 2~, and the two 

~evels oftest sets ~set A and set B~. 

The test media factor was the two ~evels of the 

PPT and the CBT. The questions for the PPT were 

presen'~ed in a conventionai booklet format. In that 

the use of video recording ~nethod required 

considerabie iue and effort in reading the test data 

~Fujlyoshi & Ishizuka, } 996~, answers were recorded 

autom-d'~icaily using the electronic marking sheet 

system developed I~rom the electronic marking sheet 

portion of the CBT. 

3.3.~ ANOVA ct Ef~~cts of Tesi Media on the 

Oomp!etion Time and the Test Scores 

The tliree factors in the Latin=square design for 

the experiment were analyzed by ANOVA to 
determine their effects on completion time and score. 

The results of ANOVA for colnpletion time of the 

tests are shown in Table 2. The resu~ts of ANOVA 

for test scores are shown in Table 3 . 

The distributions of completion time for the PPTS 

and the CBTS Were approximately the same for 

Japanese, Mathematics and English. Box=and= 

whisker plots represen'~ing distribution of completion 

time of the tests are shown in Figure 2. The '+' 

symbols shown in the box=and=whisker plots 

represent the mean of a distribution. 
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Tab!e 2 

The Result of AN:OVA for the Effects of Te*~t Media, 

Subject Groups and Test Sets on the Completion Tirne of ~~lests 

Sub ' eet Area Source DF Sum of S uares Mean S uare F Value < 

Ja'panese 

Ma..'thematics 

English 

Test Media 

Subject Group 

Test Set 

Error 

Corrected Totai 

Test Media 

Sl:!_bject Group 

Test Se'~ 

Error 
Corrected ' 1'*'otal 

Test Media 

Subj ect Group 

Test Set 

Error 

Corrected Total 

l 

l 

1 

60 

63 

l 

l 

~ 

60 

63 

l 

1 

1 

60 

63 

2.24 

20.95 

22.33 

3551 .61 

3597. ~ 3 

l 4.29 

30 ~ .02 

2224.07 

6531 .54 

9070. 92 

129.~~ 

5.48 

1003.62 

5859.93 

6998. 1 3 

2.24 

20.95 

22.33 

59.19 

14.29 

30 ~ .02 

2224.07 
l 08.86 

l 29. I l 

5.48 

l 003.62 

97.67 

O . 04 

O.35 

O.38 

O.1 3 

2 . 77 

20 .43 

l .32 

0.06 

10.2g 

.OO1 

.o~ 

Table3 

The Result ofANOVA for the Effects of Test Media, Subject Groups 

and Test Sets on th~ Test Scores 

Sub ' ect Area Source DF Sum of S uares Mean S uare F Value < 

~apanese 

Ma'chematics 

English 

Test Media 

Subj ect Group 

Test Set 

Error 

Corrected Total 

Test Media 

Subject Group 

Test Se'c 

Error 

Corrected Total 

Test Media 

Subject Group 

Test Set 

Error 

C orrected Total 

1 

~ 

~ 

60 

63 

I 

~ 

1 

60 

63 

l 

1 

l 

60 

63 

1 2 1 .76 

31 3.33 

90.12 

9851 .37 

l 0376.59 

6.10 

23.47 
42~ ~ .77 

2591 O.8~ 

30222.09 

965.80 

776.1 2 

2 . 60 

9349.37 
1 1 093 .88 

1 2 1 .76 

3~3.33 

90.12 
l 64. ~ 9 

6.IO 

23.41 

42~ 1 .77 

43 ~ .85 

965.80 
776 . 1 2 

2.60 
l 55 .82 

o . 74 

~,9~ 

o,55 

0.01 

o.05 

9,92 

6,20 

4,98 
O , 02 

.05 

.05 
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JAPANESE 

MATHEMATICS 

ENGL{SH 

PPT 

CBT 
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CBT 
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CBT 
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)~ 
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Figure 2 

The Box=and=Whisker Plots of the Distributions of Completion Time 

As shown in Tabie 2, the results of AN'OVA L'or 

completion time indicate th-dt the main e~:-*'ects of the 

test media factor on completion time were nct 

signifficant for ai~ three subject areas. Furthemore, 

the main ef~{ects of the subjeet group I'acior were nct 

signifficant However, the main effects of the test set 

I"actor were recognized as sign~ficant for 

Mathe~natics and English. 

The distributions of score for the PPTS and the 

CBTS Were a~pproxima'~ely the same i~or Japanese and 

Mathematics, however, for English the score 

distribution I'or tile CBT was sligh'cly hig:her than tila'~ 

for the PPT. Box=and=Whisker plots representilg 

score dis~ributions for the three subject areas are 

shown in Figpre 3 . 

As shown in Table 3 , the results of ANOVA _-,or 

test scores indic-d'ce that the main effect of the test 

media facior on score was lot signjl~1cant for 

J-dpanese and Mathematics but was L'or Engiish. As 

with the test media I'-dctor, the main effect of the 

subj ect group factor was signifficant only for English. 

The main e~fect of the test set I'actor was nct 

signifrcant I~or Japanese and English but was for 

Mathematics. 

3.3.2 The Resuiis of 

Ad ministraton 

t=Test for Order ot 

The paired t=tesis were conducted to investigate 

the effects of order of administr-dtion of the tests on 

the completion time and score. The resuts of t=test 

for distributibns of cornpletion time 1'or the three 

subj ect areas are shown in Table 4. The results of t-

test for scere distributions for the three subject areas 

are shov~'n in T-dble 5 . The total group of 3 2 subjects 

took the Ifirst test, I'o~lowed by the second test Haif 

of the subjects were assigned to the CBT=1"rrst group, 

and were admilis'~ered the first tcst as a CBT, then 
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Figu~e 3 

The Box=and=Whisker Plots of the Distributions of Score 

were administered the second tcsi as a PPT. The 

remaining 1 6 subjects were assigned to the PPT=first 

group, being given administered the first test as a 

PPT, then were administered the second test as a 

CBT. Tabie 4 shows the mean and siandard deviation 

of the completion time for the first test, those for the 

second test, those for the differences of the Ifirst and 

second test, the t value, and the leve~ of signifficance. 

Each row is partitioned into the total group, the PPT= 

first group, and the CBT=first group. Table 5 shows 

the mean and standard deviation of score for the f'rrst 

test, those for the second test, those for the 

differences of the first and second test, the t vaiue, 

and the level of significance. Each row is partitioned 

into the total group, the PPT=first group, and the 

CBT=first group. 

For the distributions of completion thne, there 

was a common tcndency that the means for 
completion time I~or the second test were reiatively 

smaller than those for the first tesi in all three subject 

areas for the totai group, the CBT=first group and the 

PPT=first group. Espeaially, there was a signifficant 

difference in the subject area of Japanese I'or the total 

group . 

The mean of completion time I~or the totat group 

was siightly iarger for the Ifirst test than for the 

second tssi l'or ail three subject areas. The means of 

the differences in completion time were 4 .40 minutes 

for Japanese, 3.02 minutes for Mathenlatics and 3.70 

minu'ces for Engiish. The results of t=test showed no 

significant di~ierences for Mathematics and English, 

but there was a significan'~ dift"erence for Japanese. 

The means of completion time for the CBT=first 

group were the same as those of the totai group. The 
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Table 4 

The Result of t=Test for the E~ects of Adrriinistr~'cion Order of the 

1~~'ests on the Distributions of Completion Time 

Subj ect Area Japanese Mathematics English 

Numb er 

First Mean 
Test SD 

Second Mean 
Test SD 

Difference Mean 
SD 

t value 

p< 

Total 

Grou p 

32 

3 8 . 75 

7.98 

34.35 

6.51 

4.40 

9.45 

2.63 
.05 

PPT-
F irst 

Group 

16 

37.38 

7,57 

32.61 
6 ,.3 5 

4.78 

~O,53 

l ,81 

CBT-
F irst 

Group 

16 

40. 12 

8.38 

36.09 

6.40 

4.03 

8.57 

l .88 

Total 

Group 

32 

43.00 

13.33 

39.99 

l 0.50 

3 . 02 

20 .72 

O . 82 

PPT-
F irst 

Group 

l 6 

42.38 
l 3 .23 

40.31 

l 0.72 

2'.07 

20. 1 3 

O.41 

CBT-
F irst 

Group 

l 6 

43.63 
l 3 . 83 

3 9 . 66 

l 0.62 

3.96 

21 .91 

O . 72 

Total 

Group 

32 

45.26 
1 1 .24 

4 ~ . 56 

9.61 

3.70 
1 4 . 75 

1 .42 

PPT-
F irst 

Grou p 

l 6 

46. 1 9 

13.14 

39.65 

8.8~ 
6 . 54 

13.~5 

~.99 

CBT-
F irst 

Grou p 

l 6 

44.33 

9.31 

43.47 

10.27 

0.86 

16.12 

0.21 

Tabie 5 

The Result of t-Test for the EI*'1ects of Admini<~tration Order of the 

Tests on the Distributions of Score 

Subj ect Area Ja panese Mathemati c s English 

Nurnb er 

First Mean 
Test SD 

Second Mean 
Test SD 

Me an 
Diffe~ence SD 

t value . 

p< 

Total PPT-
First 

Group Group 

32 ~ 6 
58.46 58.30 
ll.70 6.35 
54.66 57.26 
l 3 . 80 1 3 .09 

3 . 80 1 . 04 
l I . 90 1 O. 59 

1.81 0.39 

CBT-
First 

Group 

16 

58.62 

10.98 

52.06 

14.42 

6.56 
~ 2 . 82 

2.05 

Total 

Group 

32 

50.64 

22 .03 

48.99 
22. ~O 

1.65 

23.55 

0.40 

PPT= 
First 

Grou p 

16 

44 . 93 

24. 14 

43.90 
2 ~ .09 

1.03 

21.32 

O.19 

CBT-
First 

Group 

l 6 

56.35 

18.73 

54.08 

22.57 
2.26 

26.28 

0.34 

Total 

Grou p 

32 

54.03 

12.00 

55.68 
l 4.57 

-1 .65 

l 4.50 

-O . 64 

PPT-
First 

Group 

16 

56.99 

~3.31 

50.86 

~6.29 

6.12 

~3.84 

1 .77 

CBT-
First 

Group 

16 

5 1 .08 

10.10 
60 . 50 

~~.14 
=9 .42 

10.69 

=3 .52 

.O1 

means were slightly larger for the CBT ~first test~ 

than for the PPT ~second test) for all three subject 

areas. The means of the differences of completion 

time were 4.78 minutes for Japanese, 2.07 minutes 

for Mathematics and 6.54 ntinutes for English. The 

resuits of t=test showed no significant differences for 

ai~ three subject areas> however, the t vaiues for 

Japanese and English were considerably high. 

The means of completion time I'or the PPT=first 

group were slightly learger I'or the PPT (frrst test) than 

for the CBT ~second test) for all three subjeet areas. 

This tendency is siuilar to that of the tota~ group and 

the CBT=frrst group. The means of the difi;erences in 

completion time were 4.03 minu"~es I~or Japanese, 

3.96 minutes for Mathematics and 0.86 ininutes for 

English. The results of the t=test showed no 

significant differences for ai~ three subject areas. 

On the other hand, for the distributions of score, 
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there was a tendenc'J that the mean of score for the 

second tes~ was approxima'~ely the sarne as that I~or 

the frrst test in Japanese and M:athematics, and ~ower 

than that i-or the Ifirs'c test in Engiish. 

The means of score for the frrst test and the 

second test were almosi the same for al~ three subject 

areas fcJr the totai group. The means of the 

differences in score were 3.80 points for Japanese, 

~.65 points for Mathematics and =1.65 Points for 

English. The results of the t=iesi showed no 

signifficarrlt di-tt"erences for al~ three subject areas. 

For the CBT=first group, the mean of score for 

the CBT was similar to tha'~ of the PPT in Japanese 

and Mathematics, and was considerably higher than 

tha'~ of PPT in Engiish. The means for the differences 

in score were I .04 paints I'or Japanese, 1.03 points 

for Mathematics and 6.i2 points I'cJr English. The 

results of the ~=test showed no signif'rcant differences 

I"or ai~ three subject areas. 

For the PPT=1first group, The means of score i'or 

the PPT ~lfirs'c tesi~ were slightly higher than those for 

tile CBT (second test) in Japanese and Mathematics, 

whereas the mean of score I'or the CBT (second test~ 

in Engiish was significantly higher. The means of the 

differences in score were 6.56 poin'cs for J-dpanese, 

2.26 points for Mathematics and =9.42 Points for 

English. 

The distribution of score for the CBT in English 

was considerably higher than that I'or the PPT, 

irrespective of the order of administration. A 

signiffica~lt_ difference was noted in the distributions 

of score for the PPT=1irsi group. 

3.3.3 Compa~sons Vsing Item Cumuiative 

Time=Compleiion Rate Cun/es 

~tem cumula'~ive tine=completion ra'ce curves 

were newly deveioped to provide more detailed 

comparisons of distributions of completion time L'or 

the PPTS and ~he CBT･*. An item cmnulative tue= 

completion rate curve is a set of points on a 

coordina'ce system, with time n~eded to complete the 

items on the horizon'~a~ axis and the relative 

cumulative frequency of items answered within the 

time on the verticai axis ~see ..Appendix for the 

detailed der~mition~ ･ The item cunluiative time= 

completion rate curves for the two test media I~or 

Japanese, Mathematics and English are shown in 

Figure 4. The bald lines reiate to PPTs, and the thin 

lines relate to the CBTs. 

The time=completion ra'~e curves I~or both tesi 

media approximated each other for ai~ three subject 

areas. The curve I'or the PPT in Japanese is siigh'cly 

higher than that for the CBT, however the two curves 

are matched over mosi of the range. ~n contrast, the 

curve for the CBT in Mathematics is higher than that 

for the PPT, bu'~ the two curves are parai~e~ over most 

of the range. The two curves for English are very 

c~osely matched, where curves I"or the CBT is 

overlapped by the curve for the PPT. 

The item cumulative time=compietion rate curves 

were plotted for a ~arge number of point_s and 

consequen'~ly are very smooth. Table 6 shows the 

total number of points plotted from the test data of 

32 subjects and the mean number of points for a 

subj ect on bcth curves. 

Table 6 

The Total Number of Points and the Mean Nurnber of Points for 

One Subj ect on the Ite~n Cumulative Time-Completion Rate Curves 

Pa er-and=Pencil Test Com uter=Based Test 
Subject Area Total Nurnb**r of 

Points 

Mean Nu~rnber of Points 

I'or One Sub 'ect 

Total Numbcr of Mean Number of Points for 
Poin'rs One Sub 'ect 

Japanese 

Ma'chematics 

English 

~220 
3542 
62 ~ 7 

38.l 

l ~o.7 

194.3 

~220 
3753 
6293 

38. l 

l 1 7.3 

1 96.7 
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The Item Cumulative Time-Score Rate Curves for the Paper-and-Pencil and Computer=Based Tests 
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3.3.4 Oompa~sons Using liem Cwu!ative 

Time=score Rate Curves 

Xtem curnui"d'~ive time=score rate curves were 

newly developed to provide a more detai~ed 

conxparison of score distributions for the PPTS and 

the CBTs. An item curnulative time=score rate curve 

is a set of points on coordinate system with time 

needed to complete an item on the horizonta~ axis 

and the relative cumul･dtive score of itenrs answered 

within the tirne on the verticai axis ~see Appendix ._for 

the detailed del"inition~) . The item cumuia'tive time= 

score rate curv:es for the two test media for the three 

subj ect areas are shown in Fignye 5. The bold lines 

reiate to the PPTs, and the thin lines relate to the 

CB Ts . 

The item cumulative tirr&e=score ra'te curves for 

the PPT and the CBT ma'~ch weil for Japanese, 

Mathematics and English. A~though a sigaificant 

difference was apparent between the both means of 

score for English, the itenl cumulative time=score 

ratc curves for the PPT and CBT are col~inear over 

mos~ of the range. 

The item cumrl･dtive time=score rate curves were 

plotted for a ~arge nulnber of points and are 

consequently very smooth. Table 7 shows the total 

number of points piot'~ed from the test data for 3 2 

subj ects and the mean nurrber of points for a subject 

on both curves. 

Tab!e 7 

The T._otal Number of Points and the Mean Number of Points for 

One Subj ect on t'ne I'cern Curnulative Time-Score Rate Curves 

Pa er-and-Pencil Test Conl uter-Based Test 

Subject Area Total Number of 
Points 

Mean "Nurnber of Points 

i'or One Subj ect 

Total Number of 
Points 

Mean Number of Points i'or 

Orie Subject 

Japanese 

Mathematics 
English 

777 
l 474 

2676 

24 . 3 

46. 1 

83.6 

742 
l 520 

275 l 

23.2 

47.5 

86.0 

3.4 Discussion 

It was found in the resuits of this ex.perimen'~a~ 

study tha'c the distributions of conlpletion time and 

score of the PPT and the CBT generahy 
approximated each other for Japanese. Mathematics 

and English tests in the National Center Test for 

Univershy Admissions but the English score 

distribution for the CBT** was sligh'~ly higlier thai 

that for the PPT*~. In the results of ANOVA, except 

for Engiish score, no significant main effects due to 

test media were apparent on completion tirne and 

score i'or the three subject areas ~see Tab~e 2 and 

Table 3). The item curnulative time=completion rate 

curves for the PPT and the CBT approximated each 

other I'or al~ three subject areas ~see Figure 4~ . The 

item cumulative time=score rate curves were also 

very wel~ matched ...for ai~ three subject areas ~see 

Figure 5). Therefore, the distributions of compietion 

time and score for the '~wo test media will be 

comparable for al~ three subject areas if the English 

score distribution for the CBT is equated to tbat for 

the PPT. 

We hope to exaiuine the causes of the sigilificant 

effects of the test media I~ound only on the scores for 

the English tests in the fu'~ure. For English 

1 ) the score distribution for the CBT was higher 

than that for the PPT 

2) ANOVA reveaied the sigiificant main effect of 

the test nledia on score (see Table 3), and 

3 ~ the mean of score of the CBT was signtficantly 

higher than of the PPT in the PPT=frrst group ~Table 

5~. 

In the results of this study, no sigiliflcant 

di~ierence was found for the score of Japanese tests. 

The sigriificant main effeet of test media on the score 
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for J-dpanese tests in the previous stud_y ~Fujlyoshi & 

lshizuka, ~ 996) seems to be caused by the problems 

of the previous experimenta~ design which is similar 

to the design I ~Angoff, ~97l~. Tius the signifrcant 

main effect was not necessarily reia'ted to the 

diffe_rences of the tvvo test media, such as diffe_rences 

of legibilhy for the tesi booklet and the computer 

screen, as we~~ as the ease of 'zuming over pages I'or 

the PPTS and the CBTs. 

We found a general tsndency on the effects of 

order of admiuistration of the tests. The means of the 

compietion time I'or the second tests were smaller 

than those I'or the firsi tests (see Table 4), and the 

means of the score for the second tests were slightly 

iower than those for the Ifirst tests except for English 

~see Table 5). 

The mean of completion time of the second test 

f'or the tctai group for Japanese was significantly 

smailer than of the first test ~see Table 4). This is 

believed to be due to the behavior of subjects in the 

exceptionai situation of the experiment. As the 

Japanese tests were administered at very end of the 

experimen'z session, subjects who completed the iest 

early for Japanese were ab~e to leave the room and 

retum home immedia'cely. Therefore some subjects 

obviously tended to leave early and it is thought that 

this ait'*ected the completion time of the tesi. 

The item cumulative time-completion rate curves 

and item cumuia'cive time=score ra'te curves were 

newly de.vetoped for this research as a means of 

directly comparing the disuibutions of completion 

time and score for the PPTS and the CBTS 

graphically (see Appendix) . The item cumufa'tive 

ti~ne=completion rate curves were created I~rom the 

distribution of the single factor of completion time. 

On the other hand, the item cumulative time=score 

rate curves were created from distributions of the 

two factors of completion time and score. The item 

cumula'tive time=compietion rate curves and the item 

cumu~-dtive time=score rate curves are notably 

smocth and siabie, even with small numbers of 

subj ects ~see Figure 4 and Figure 5~. The numbers of 

points used in plotting the culnuiative item time= 

N0.30, 200 ~ 

cornpletion ra'~e curves are a I'ew hundred times 

grea'zer than the numbers of points required I~or the 

grou_p leaiung response curves (Fujita, 1975; 

Fujlyoshi, 1997, 2000) ~see Tabie 6~, and the 

nulnbers of points on the itezn cumula'tive time=Score 

rate curves are a I"ew ~en times greater than the 

numbers of pai-nt_s required for the time=Score rate 

curves (Fujtyoshi, 1999, 2000) ~see Table 7). The 

optimai distribution function fi'~'~..ed to these curves is 

currently under consideration. The We_ibu~~ 

distribution fimction does nct aiways fi~ to these 

curves ~Fujlyoshi, 2000~, though it has been 

appropriate for the group learning response curves 

and time=Score rate curves (Fujita, 1975; Fuijlyoshi, 

1997, 1999, 2000; Fu_ijlyoshi & lshizuka, 1996~-

4 Conciusion 

It was conciuded from the results of this study 

th-d't the distribu'~ions of cornpletion time nd score 

for the PPT and the CBT generally approximated 

each other I'or the Japanese, Mathematics and 

Engiish tcsts in the N-dtiona~ Center Te_st I~or 

Univershy Admissions. The distributions for both 

test media wil~ be cornparab~e if the English score 

distribution for the CBT is equated to tha~ I'or the 

PPT. As Bunderson et ai. pain'ced ou'~ ~Bunderson, 

Inouye & Olsen, 19g9~, linear CBTS Were in'cended 

to serve the same purposes as their PPTs. Therer'ore, 

a key issue was the comparabilhy of scores obtained 

on CBTS and PPTS of the sane tests. Can the scores 

from the '~wo tsst media be used interchangeably to 

make academic decisions? Xn the result of this study, 

except for the Engiish score disaibutions, the resul'ts 

of ANOVA and t=test showed tha'c there were no 

signifficant differences in the amounts of completion 

iue and test scores for both test media for ai~ three 

subj ect areas. 

This assessment mark*ed the first use of the 

notions of the item cumulative tine=completion rate 

curves and the item cumuiative time=Score ra'ze 

curves to compare the distributions for both test 

media. The shapes of curves for the two test media 
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were I~ound to ~dpproximate each other. 

The use of this CBT opens up possibilities of 

research into the answering process of PPTs. The 

con-'v"entionai video recording nlethod rea.uires 

considerably much time and effort to co~~ect the test 

da'~a~ of the answering process, and has proved to be 

an obstac~e to research into the 'ariswering process of 

PPTs. For the purpose, employing a pen compu_ter, 

the CBT system was developed ald designed to 

simulate conven'~iona~ PPT*. as f'dithiu~ly as possibie. 

The use of the CBTS aliowed -duto~nated callection of 

al~ test d-d'~a, and en-db~ed ~o estim-d'~e the answering 

process of PPTS I~ronl test d-dta caliected by ~he CBTs. 

The de~'veioprnent of ~his CBT resolved the 

probienrs of the user interface in previous CBTS (Lee, 

19g6~ Mazzeo et ai, 1992~. The use of the pen 

compu'~ers allows the user to add handwritten notes 

to the computer screen whi~e answering questions, 

and to touch the mark_ing sheet field on the screen 

with the eiectronic pen to answer questions directly. 

~n comparison to indirectly oper'dted painting: devices 

such as a mouse ard a touch=Pad, the pen compu'zer 

considerably enhances simplichy of operations. The 

cornputer version of TOEFL (Test of English for 

Foreign Language~ has empioyed a mouse and a 

keyb oard and required the '~r-aining of computer 

'~utoriai bef'ore iesting (Eignor, Tailor, Kirsch & 

Jamieson, 1 998~ Kirsch, Jamieson, Tailor & Eignor, 

~998; Tailor, Jarnieson, Eignor & Kirsch~ ~998). The 

results of the survey of questiomaire about this CBT 

system showed th-dt the students who were 

administered the test ~i.e, ifirst year university 

studen'cs) accepted the CBTS positively. The ease of 

reviewing the pag:e ol the screen and of using the 

eiectronic pen were evalua'~ed as being siinilar to that 

i"or the conventional PPTS empioying Inarking sheets 

~Fujtyoshi, 2000; Fujiyoshi & lshiznk:,_-d, ~996). 

The comparability of distributions of conpletion 

time and score I'or the '~wo tesi media is not a sinple 

ma'r~er of conlparing distribu'~ions in ~ems of means, 

dispersions and shapes; it is aiso necessary to 

compare the "_rank. orders of su.bjects according to the 

Guidelines for CBT and I-.=ri'cerpretations of Anlerican 

Psychotogical Association (Mazzeo et al, ~992~. The 

use of the Latin=Square design in this e_^*'..perimental 

assessme'nt prealuded a com_parison of the ratk 

orders of subjects, and i'~ is hoped that an 

investiga'~ion of equa'ting: by information on the rark 

orders of subj ects wil~ be conducted in the fu'~ure. 

Appendix. The Definitions ot iiem 

Cvmuiative Time=Compieiion Rate 
Curves and iten~ Cumuiative Time[Score 

Rate Curves 

Item cumulative time=completion rate curves and 

itenl cumuiative time=score rate curves are defined as 

fallows. 

Suppose th-dt there are n subjects ~subjecti , 

subject2, _ ', subject.) and m itenls ~j'tem~, Item2,"', 

Item*). For each Iteml, Item2, " ' , item~, suppose also 

th-d_t the score of itemlj is scorej. 

D)efinition A. I Let tij be the time ~haat subjecti 

connpleted Itemj. If subjecti didri't answer Itenj, le~ tfj 

=OO. Lct 't** be max{ tij j 1~l~n, I <-_j~m, 'rij~ oo}. 

Let cij be an in'~eger such th-dt if subjecti answered 

jtemj correctly, ctj = I , otherwise cij = O. 

~e~n~~on A.2 The item completion iulction I~or 

subjecti and Itemj, ICiJ, is a function such tha'~ if t < 'ti.j., 

then ~Ctj~t) = O, else if 'tij ~ t, then ICij~t) = ~ . 

~efm~~iom A.3 The item cumthtive time=conipletion 

f~nction for subjec'rt, ~CTCi is derfined as L'o~lows. 

~ ICTC i ~t) = ICi,j ~t) 

j= ~ 

The item cumuiative time=score function for subj eeti, 

~CTSi is defined as fo~lows. 

ICTSf(t) i = cf,j ' scorej ' ICfj (t) 

j= l 

Defllnition A.4 The item cumula_tive time=cornpietion 

rate function ~CTCR is defined as fo~lows. 

ICTCR(t~ = i ICTCf(t) i ICTCj(t~*) 

i= I f= 1 
The i'~eln curnu_ia"tive time=score r'd'~e function ICTSR 

is de_rfined as i"o~~ows. 

~ ~ ~CTSR~t) = LICTSf(t) L ICTSf(t~*) 

f= i i= l 
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Defmition A.5 An item cumulative time=completion 

rate curve is a set of points on coordinate syste~n 

with time t on the horizontai axis and value of item 

cumulative time=completion rat..e ICTCR~t) on the 

vertical axis. An item cumulative time=score rate 

curve is a set of points on coordinate system with 

time t on the horizontal axis and vaiue of item 

cumuiative time=score rate ICTSR~t) on the verticai 

axis. 
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