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Abgract

As a result of usng a formative evaluation system for
basic educationin  engineering, 1) the percentage of
Sudents submitting reports from practical  training
rose 6 points from 89%, 2) the percentage of sudents
who did sufficient preparation for examinations rose
11 points from 8%, and 3) the acceptance rate of
reports on experiments rose 5 points from 88%.
These improvements are a result of feedback from the
evaluation.

1. Introduction

The objective of teaching badc subjects in physcs to sudents
who are aming to become technical gecidids is to make them
understand the concepts underlying the basic processes of naturd
phenomena and to understand the process by which numericd
formules are derived S0 that they can acquire the ahility to goply
this knowledge. Students must acquire basic scholadtic ability and
sdf-gudy habits. For these purposes, aformative evauation system
that mutudly links Sudents, tesching materials and the teacher hes
been developed and modified severd times[1][2][3].

Recently, possble utilizetion of the Internet as a mode of
leerning and as a learning support system has been udied [4]. In
this paper, the desgn of a Web dte tha will engble formative
evauation in enginesring subjectsis discussed.

2. Formative evaluation sysem

2.1. Formative evaluation mode

Two-way education (formative evauaion) with smal student
numbers is an ided system for introducing basc engineering to
dudents and fodering interet in stience, enginexring and
date-of-theat enginegring techniques [5]. In the formative
evduaion modd, there is mutud feedback for dl items of basc
leerning. Figure 1 shows a diagram of a formaive evduation
modd in which the sudent, teecher and teaching materids are
interlinked. The content of the subject stimulates the student, and
the dudent therefore shows interest in the subject and gains

knowledge about the subject. The teacher receives reaction
information from the student through tests and feeds back
diagnogtic information concamning the degree of leamning
achievement to the student. The teecher d0 uses data obtained
from andyss of test items to reorganize the learning content, make
improvements to test items, make new tesching maerids and
determine the best sequence of learning items. Thus, the qudity of
information on dimulation and diagnogis is the most important
factor for developing an effective system basad on thismodd.

The condruction of a database of learning items, automatic
marking of tests, and processng of datigics usng a persond
computer has made the maintenance and further devdopment of
the sysem essy.
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Figurel A diagramof formative evauaion model

2.2. Formative evaluation system

The fedtures of the formative evauation system based on the
formative evduation modd are as follows A lage memory
cgpadity is used to Hect, display, edit and dore test items. Mark
cards, automatic marking, and computer satisticd processing are
usd for quick processing of reaction informetion. Appropriate
andyds and diagnods of each test udng data from various
datidicd tables and from grgphs of achievement percentage vs.
caution coefficient for each sudent are quickly peformed to
generdte diagnodtic information.

Thefiles comprising the formetive evauation system are shown
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in Table 1. A scoreisinputted into arandomly accessibleindividud
soore column by automatic marking processng using acard reeder
[1]. Scores other than thet obtained by usng the card reeder are
inputted from file (2), (2) or (3) from man file . A file
corresponding to main file is used for score ligt, higogram and
corrdation grgph outputs When the ansver mark cards are
autometicaly processad using the file containing the correct and
incorrect teble a table containing data on correct and incorrect
ansvers to examindion quesions, a gudent problem soore table
(SPtable) [6] and agraph of caution coefficient vs. correct answer
percentage are outputted. The Sdidicd andyss-processng fileis
used for principle component andysis.

Tablel 1. Thefilescomprising theformative evaluation sysem

Main file I Main file It
(1) input individual score and amount table (1) automatic marking processing
{2) input class score and amount table (2) statistic analysis processing

(3) input score quickly (3) caution coefficient vs. correct
{4) score check answer percentage figure
(5) score histogram (4) questionnaire amount

(6) score correlation (5) table on correct and incorrect
(7) display individual score answers

(8) data file list (6) dictionary operation

2.3. Diagnogticinfor mation

The table of correct and incorrect answers shows the correct
ansvers(as™1") and incorrect answers (as"0") for 25 test quegtions
given by eaech student in a dass (41 sudents in one dass). Using
this table, each student can redearn and understand the correct
answers for those questions that had been incorrectly answered.
This table can be rearranged with questions shown in order of
difficulty (with the eesiest on the | eft and mogt difficult on theright)
and the sudent scores shown in order from highest (et the top) to
lowest (at the bottom). In the rearranged teble, vdues of "1" are
concentrated in the upper left pat, and vaues of "0' ae
concentrated in the lower right part. This table is cdled a Sudent
problem soore teble (SP table). The questions are arranged in the
order of high score with the sudentswho answered correctly. Inthe
cae where there are saverd questions that have been answered
correctly by the same number of students, the questions are
arranged in the order of scorewith the dispersion reactionson these
corresponding questions. Similarly, the students are arranged in the
order of high number of correct answers When there are students
with the same scores, they are arranged in the order of the
covariance reections. A verticd line is drawvn @ the right of the
question number that is equivaent to the score of the concerned
sudents, counting from the left end on line about the SPtable and
cdl thelinejoined these Scurve.

Next, sudents to whom attention should be given can be
identified by comparing the perfect pattern that becomes 1" onthe
left Sde and 0" on the right Sde of the S curve with the actud
reaction pattern. When the covariance on the number of the correct
answer students with the question and the perfect reaction pattern is
compared with the covariance on the number of correct answer
students with the question and the actud reaction pattern, the index
that evduates the comparison Sze rdaivey is used. Thisindex is
called the caution coefficient of the sudent and iscalculated by

Covariance on reaction pattern of student i and the
[ Caution coefficient ] number of the cortect answer students with question ]
=]1-

of student i

Covariance on complete reaction pattem about the point of student i
and the number of the correct answer students with auestion ]

Summation of the number of the cotrect Summation of the mumber of the correct
answer students with mistake answered J - [ answer students with correct answered }
question on the left side of the S curve question on the right side of the S curve

Summation of the number of the Score of [ Number of the average ]
{ correct answer students with question } - [ student i ] correct answer students
on the left side of the S curve

The caution coeffident is 0 for a student who has a perfect
patern and increasss as the reaction patern becomes more
dispersed. The caution coefficient would be larger than 1 for the
unusud case of a student who has incorrectly answered relaivey
essy questions and correctly answered rdatively difficult questions.
The graph of caution coefficient plotted againgt correct answer
percentage for astudent provides diagnogtic informetion on various
agpects of the sudent'slearning, such as whether the sudent 1) hed
gudied sufficiently, 2) was cardess in answering questions, 3) not
prepared suUfficiently for the tedt, and 4) has acquired besc
knowledge. This diagnogtic information is ussful for preparing the
next test.

3. Evaluation of the physicssubjects

31 Phydcs aubjects and ratios of practice prints,
examinations and experiments used in physics
clases

Practice prints, examinaions and experiments conducted by
Sudents have been used to evduate physcs subjects Table 2
showsthe number of Sudents, the number of practice printsusedin
the dass, the number of examinations given and the number of
experiments conducted by students in each enginesring dass for
eech year from 1995 to 1999. Until 1995, basic textbooks and short
tests hed been used, but these were replaced by practice printsfrom
1996. Therdios of practice prints, examinations and experiments
after 1996 were about 25%, 40% and 35%, respectively.

Tablel 2. The number of suderts, practice prints, examindions and
experimentsin each engineering dassfrom 1995 to 1999

Engineering '95 (Heisei 7) ' 96 ( Heisei 8)

class students| print |exam. |experiment {students |print lexam. |experiment
Mechanical 39 * | 24 13 43 13 | 3(4) 12
Electricity 44 * 6 13 42 29 6 12
Electronic 42 * 6 1 40 29 6 13
Information| 42 * 6 13 45 29 6 13
Architecture| 43 * 6 12 41 29 6 13

' 97 (Heisei 9) ' 98 (Heisei 10)

class students|print |exam. [experiment |students|print |exam. |experiment
Mechanical 44 13 | 5@ 13 39 12 | 4® 10
Electricity 4 29 6 11 4 27 6 13
Electronic 41 29 6 12 41 27 6 13
Information| 39 29 6 12 43 | 27 6 12
Architecture| 41 28 6 12 4 27 6 12

' 99 (Heisei 11)

class  [students| print lexam. |experiment | * mark in '95 (Heisei 7)
Mechanical | 40 13 | 42 13 Used text of collecting problems
Electricity 39 28 6 1 and did small tests.
Electronic 42 29 6 12 The number in the brackets is times
Information| 40 29 6 1 of the examination by the other
Architecture] 41 29 6 13 charge teacher.




The practice prints, examinations and experiments are dosdy
interrdlated. The aims of the practice prints are to confirm that the
students have learned basics and to help the sudents to establish
regular sudy habits. Each student's knowledge of basics is dso
tested in examinations and experiments. The ratios of practice
prints, examinations and experiments used in each dlass depend on
the atitude of sudents toward learning, the qudity and quartity of
teaching meterids, and views of the teacher on education.

3.2. Practiceprints

Until 1995, dass time was dlotted for students to do practice
problems using a book of basic problems. However, this system
changed in 1996. In the present system, practice prints are made by
the teecher using textboooks B and  published by Suken, ad
one print is given to each sudent after every 2-3 hours of lecture
time. The sudents answer the questions in the print in their own
time and submit the printsto the teecher inthe next class

Since this sysem was darted in 1996, efforts have been made
every year to improve the qudity of the prints. Table 3 shows the
29 aubjects tested in the practice prints in 1999 and the periodsin
which they were given to students. About Six questions are given
for each subject. Two of these Sx questions are on definitions of
terminology, which is explained in lectures. The other basic
questions can be answered in about 20 minutes.

Table 3. Subjectsand periods of prectice prints.

1 passage of the light 16 inner energy and specific heat of gas

2 interference, diffraction and spectrum of the light 17 magnetic field which electric current is formed
3 static electric force and static electric induction 18 force which the electric current receives from
4 electric field, electric potential and potential difference the magnetic field

5 electric capacity 19 Lorenz force

6 law of Ohm 20 electromagnetic induction

7 divect current circuit 21 self induction and the mutual induction

8 electric current and work 22 alternating current 1

9 electron 23 alternating current 2
10 radiation line and its nature 24 resonance and electric vibration
11 movement and power product 25 electromagnetic wave
12 uniform velocity circle movement and inertia force 26 particle of the light

13 single vibration 27 wave motion of electron

14 gravitation 28 atom and nucleus

15 gaseous law and molecule movement 29 nuclear energy

Nol~ 6 (April to June) No18~24 (~until Dec)

No7~17 ( ~until Sept.) No25~29 ( ~until Feb.)

Table 4. The submissive situation of practice printsfrom 1996 to 1999

‘06 ‘97 ‘08 ‘99
total numbers 5431 5229 4950 5179
submission % 85.29 8564 8661 91.79
delay % 3.96 5.53 747 29
no submission % 10.75 883 592 5.31

In case of presenting print answer, we point out the answer paper
that have no process of the computation, the blank of answer
columnsand the mistake answer part, we make these points correct.
These prints are expected to provide useful deta for individud
sudent evauation. Table 4 shows the percentages of sudents who
submitted prints on time, those who submitted prints & leest 2
monthslate and those who did not submit printsfor each year from
1996 to 1999. The totd percentage of students who submitted
prints (on time or late) increesed by 6% from 8% during the
4-year period, while the percentage of sudentswho did not submit
prints decreased in the same period from 11% to 5.3%. Many of
the sudents who were late in submitting prints submitted them just

before or dter reexaminaions. The anud decreae in the
percentage of students who did not submit prints indicates an
improvement in Sudy habits of the sudents.

3.3. Examinations

Examinaions are given 6 times a year: twice in the firgt haf of
the first samester, twice in the latter hdf of the first semedter, and
twice in the second semester. Each examinaion conggs of 5 or 6
problems with atota of 25 questions. Answers are given on mark
cards. Each exam dso indudes quedtions thet reguire explanatory
answers filling in blanksin formulas, and filling in parts of grgphs,
and the answers to these questions are marked by the teecher. The
mark cards are processed by computer and eech sudent isgiven a
graph showing student scores plotted againgt caution coefficient
and an SPtable after each examination.

An example of a graph showing student scores plotted againgt
caution coefficient is shown in FHgure 2. Each number in thisfigure
is the number given to a sudent. The Sudents are divided into the
following six groups according to the examination score and
caution coefficient (CS): one group with examinaion scores 70,
indicating that sufficient study had been done (group A); one group
with examinagionscores 40and  70and CS 05, indicating
that cardess mistakes had been made (group B); one group with
examingion scores  40and 70 and CS 05, indicating that
preparation for the examination had not been sufficient (group C);
one group with examination scores 20 and 40, indicating
insufficient knowledge of basics (group D); and one group with
examingion scores 20, indicating insufficient study (group E).
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Figure 2. Sudent scores plotted againgt caution coefficient

Table5. The preparatory condition for the exam from 1995 to 1999

‘95 ‘96 ‘97 ‘98 ‘99
corresponding total no.| 1104 1137} 1192 1152 1132
enough study % 9.15] 792 13.84| 1892 14.31

careless mistake % 5.62 4.93 9.98 9.64 9.1

not sufficient % 298 | 27.7 | 2643| 3299| 2509
insufficient basics % 33.79| 36.24| 29.95] 25 33.84
insufficient study % 202 | 2146| 18.12] 1233 16.17

no receive exam. %) 145 1.76 1.68 113 15

Table 5 shows the totd number of Sudents who took
examinations and the percentage of students in each of the above
six groups for each year from 1995 to 1999. Ascan be seeniin the
table, the percentage of students in the group of students who had



studied sufficiently increased, while the percentages of studentsin
the group of sudents with insufficient knowledge of bascsand in
the group of students who hed not studied aufficiently decreased
during the 5-year period. The results shown in this table indicate
that there had been an overdl improvement in the levd of
preparatory sudy for examinations from 1996 to 1998. In the
period from 1996 to 1998, the totd percentage of tudents in
groups A and B (the top two groups) increased from 13% to 29%,
the percentage of sudents in group C (middle group) increased
from 28% to 33%, the percentage of sudentsin group D decressed
from 36% to 25%, and the percentage of studentsin group E (the
lowest group) decreasad from 21% to 12%. However, the leve of
preparatory sudy for examinations decreasad in 1999 to dmogt the
same leve as tha of 1997. The main reason for this dedine is
thought to be the method used by most sudentsfor solving difficult
problems in the prints (see section 5.1). Continued efforts must
therefore be mede to raise this levd by improving the practice
prints and returning evauation sheets of examingion resultsto the
Sudentsas quickly aspossible.

34. Experiments

Experiments are conducted by students in the second year of
sudy after indruction on the experiments has been given to the
sudents. Due to the large number of students, the experiments are
conducted on a rotaion bads In 1999, experiments were
conducted by students on the following 13 subjects dynamics
(measurement of water surface tenson, moment preservation law,
measurement of inertiamoment), light (wavelength messurement),
heet (messurement of the spedific heet of a solid, measurement of
the specific heat of water), dectricity (measurement of dectrogtatic
cgpadity, whetstone  bridge,  drcuit  meter), magnetism
(messurement of flux dendty, measuremett of em), and
computers (Smulation, autometic control).

Fve of the abovementioned experiments (measurement of water
surface tengon, whetstone bridge, circuit meter, smulation, and
automatic control) were each conducted by one student, and the
other eight experiments were eech carried out by two students. The
qudents were indructed to submit reports on each experiment
within three days after completion of the experiment. Each report
was scored according to adtitude of the Sudent toward the
experiment, presantation of tables in the report, darity of vauesin
formulas, presentation of graphs, and answersgiven to questions.

Table 6 shows the totd number of dudents who conducted
experiments and the percentage of studentsin each of thefallowing
five groups for each year from 1995 to 1999: a group of udents
who submitted reports within 3 days and whose reports were
acoepted upon firg submission (group A), agroup of sudentswho
submitted reportswithin 3 days but were ingructed to re-submit the
reports after making some revisions (group B), agroup of sudents
who submitted reports & least 2 months late (group C), agroup of
Sudents who re-submitted reports but whose re-submitted reports
were not acceptable (group D), and agroup of sudentswho did not
submit reports (group E). As can be seen in the table, the totd
percentage of students in groups A and B (Students who took a
serious atitude toward the experiments) incressed from 85% in
1995 to 90% in 1998. Thetotd percentage of studentsin groupsC,
D and E (sudents who did not teke a serious atitude toward the
experiments) decreased from 15% in 1995 to 10% in 1998 but
increasad again in 1999 to dmogt the same percentage as thet in

1995. The percentage of dudents in group D decressed
dramatically from 8% in 1995 to 3% in 1998. Almogt dl of the
students submitted reports in the period from 1997 to 1999
(average totd percentage of students in groups A-D: 96%). The
reason for the increese in the percentage of students who did not
take such a serious atitude toward the experiments (groups C, D
and E) is thought to be the method used by mogt sudents for
solving difficult problems in the prints (see section 5.1) and
limitation to the time for use of the laboraiory to conduct
experiments

Table 6. Submissive situation of experiment reports from 1995 to 1999

‘95 ‘96 ‘97 ‘98 ‘99
Total numbers 2603 2658 2475 | 2464 | 2426
first submission %| 4864 | 5248 | 5576 | 4574 | 5375
re-submission % 3642 31.08 3382 | 4399 3199
delay % 257 414 234 325 581
notaccept. % 1.76 mnm 5.17 308 429
no submission % 461 463 291 3.94 4.12

4. Dataused for evaluation

Three types of tables of datato be used as abads for evduation
were prepared: 1) a table of data on practice prints in which
students were divided into groups of those whose prints had been
acoegpted on firgt submission, those whose prints had been accepted
on resubmisson &ter revison, those whose prints had not been
aufficiently revisad, those who were late in submitting prints and
those who did not submit prints 2) a table of correctly and
incorrectly answered questionsfor each examination; and 3) atable
of data on reports concearning experiments in which students were
divided into groups of those whose reports had been accepted on
fird submisson, those whose reports had been accepted on
re-submission dfter revison, those whose reports had not been
aufficiently revised, those who were late in submitting reports,
those who did not re-submit reports, and those who did not submit
reports. These data are used to eva uate Sudents, teaching materids
and teaching improvements

5. Evaluation of gudentsby questionnaires

5.1. Quegtionnaireson practiceprints

Quedtionnaires on practice prints were given to 199 second-year
udents in November 1999. Each questionnaire consgted of four
questionson 1) theleve of difficulty of the prints, 2) time taken to
complete one print, 3) ways of solving difficult problems, and 4)
ussfulness of the prints (as reviews summaries, gpplication
problems; etc.). For thefirst question, 2% of the students answered
"eagy", 20% answered "gppropriate’, 44% answered "somewhat
difficult” and 33% answered "difficult”. For the second question,
4% of the sudents answered "less than 30 minutes', 23%
answered "30-40 minutes', and 28% answered "more then 40
minutes'. For the third question (for which more than one answer
could be given), 75% of the students answered "asking friends’',
27% answered "checking in books a the library”, 26% answered
"oopying the answer from a friend's print”, 5% answered "leaving



unanswered”, and 11% answered“  asking theteacher. Theresults
for the second and third questionsare shown in Figure 3.

To fix the besic item, each sudent should answer done to the
practice, and is suitable for about 30 minutes to spend on it. Efforts
must be made to try to reduce the percentages of students who
answered "difficult” for the firg question and "more than 40
minutes' for the second question to zero. Although a lage
percentage (75%) of students answered "asking friends' for the
third question, it islikdly that many of those studentsin fact Smply
copied the answer from afriend's print, and thisisthought to be one
of the reesonsfor the declinein the leve of preparatory Sudy done
for examinations in 1999. These questionnaires are thought to bea
useful meansfor matching between theintention of theteacher and

the correspondence of the studert.
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5.2. Quegtionnaireson experiments

Quedtionnaires on experiments were given to 159 sscond-year
dudents on December 2, 1999. Each questionnaire condsted of
four questions. The firg question was on the time taken to write
reports. For this question, 19.5% of the udents answered "less
than 2 hours', 44% answered "2-4 hours', 20.1% answvered "1
day", 11.3% answered "2 days', and 3.8% answered "3 days or
longer". The second quedtion was on ways of solving problems
when writing the reports. For this question (for which more than
one answer ocould be given), 66% of the sudents answered
"checking in books  the library", 78% answered "asking friends’,
17.6% answered "copying from a friend's report”, 3.8% answered
"leaving unsolved”, and 8.8% answered "asking the teecher™. The
third question was on paints given atention to when writing the
reports. For this question (for which more than one answer could
be given), 32.1% of the Sudents answered "correct use of units of
measurement”, 37.1% answered "presantation of graphs’, 44%
answered "dear presentation of vaues in formulas', 28.3%
answered "cdculdion of errors’, 47.8% answvered "ansvering al
of the quegtions given", and 6.9% answered "writing neetly"'. The
resultsfor thefirst and second questionsare shownin Figure 4.

Mot of the students (83%0) were ableto completeareportinless
then one day. The remaining 17% of the students induded those
who did not submit reports and those whose reports were not

acoeptable. Although it was notable that a high percentage of
students (105/159) who answered that they checked in books a the

library to solve difficult problems when writing reports, a high
percentage of students (78%) aso answered thet they asked friends
to hdp them solve difficult problems when writing reports, and it is
likdy that many of those dudents in fact Smply copied from a
friend's report, which is thought to be one of the reasons for the
increase in the percentage of sudents who did not take a serious
atitude toward experimentsin 1999. A notable point in the answers
given to the third quetion is that 30-40% of the students pad
atention to dl pointswhen writing reports.
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In the fourth question in the questionnaire on experiments, the
sudents were asked to lig the experiments that most impressed
them (and the agpects of the experiments that were impressive).
Thetop five experiments (and the agpects of those experimentsthet
were impressve) given by the sudents were 1) measurement of
surface tenson (being able to obsarve changes in tendon when a
Jolly's soring balance was used), 2) autometic contral (the ability of
acomputer to judge astuation), 3) measurement of thee/m ratio of
dectrons (beng adle to observe and control movement of
dectrons), 4) messurement of wavedengths of light (diffraction
images of reflected light on the graduation surface of a Sainless
sed mesaure), and 5) smuldion (visudizaion and graphicd
display of a phenomenon). The same five experiments were do
sected by Sudents dthough in different order, in questionnaires
given in 1998. The reason for the same 5 experiments being
sHected as the five mog-impressve experiments by udents in
both 1998 and 1999 is thought to be a reflection of the surprise &,
interest shown in the sdentific process of, obsarvetion of the
phenomenon changing and congderation of the physicd quantity
changing.

6. Design of aWeb ste

6.1. Pointsto give attention toin thedesign of aWeb ste
Practicd exercises, examinations and experiments are important

for students to learn the basics of engineering, and the importance

of each of these as wel as their interrdationships have been
extendvdy sudied. From these points of view, some points that



should be given attention when designing a\Web ste for formative
evaudion areasfollows

1. Knowledge of thelevel of the sudents

2. Check of submissive stugtion of the practice reports and the
feadback of evauation

3. Thedifficult degree of the practiceis better easy than difficult

4. Required timefor completion of the print of 30 minutes

5. Organization of quedtions into review, summary and gpplication
sections

6. Use of pictures, figures and tables to show phenomena and
theory

7. Feedback information on marked prints

Efforts should be made to improve the qudity of stimulation
information and reaction information with condderation given to
theaboveitems

6.2. Content of theWeb ste

The Web ste will indude a home page, table of contents for
eech item, a page displaying types of practice problems, a page of
questions, a page for answering the questions, and a search page.
Attention should be given to links between pages and folder design
in order to mekethe Steeasy to use[7].

7. Conclusons

Efforts to make basic enginesring subjects gppeding to students
and to creste an a@mogphere that encourages students to ask
questions are needed. When a student asks the teacher aquestion, it
isimportant for the teacher to try to make the student understand at
what point in the student's thought process the mistake has arisen.
By doing this, the sudent will be able to underdand the dements
meaking up the phenomenon and understand the process by which
numerica formulas are derived. Such an gpproach by the teacher
should encourage the sudent to teke a serious dtitude toward
sudy.

All students want to know the results of examinations as soon as
possible. Information on the results of an examinaion, induding a
table of correctly and incorrectly answered questions and a caution
codfficient grgoh, will hdp the students plan for the next
examination. The teecher should dso meke gppropriate changesto
examinaions and make efforts to improve the qudity of lectures
and to make time to ligen to and advise Sudents. A sysem for the
development and evauation of scholagtic ability in which the Web
dte can be accessad from any dassroom through the Internet is
nesded.
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