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Traditicnal Instruction vs. Computer Instrugtlion

Carol Ann Dgonowskl
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ABSTRACT

The intent of thls study was to determine if there was
a difference in student perfermance when word problems
or mathematical problem-=solving skills are taught the
traditional way cor when students are taught through
Computer Assisted Instruction, CAI. Ninety students in
grades ¢ through 12 particlipated in this study. The
Stantford Test of Academic Skills, TASK, was
acdministered for pre—- and posttesting, No slgnificant

difference in achievement were found.
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DEFINITION OF TERMS

Cocmputer Asslsted Instruction- Instruction and lessons
whlch can be taught by or with the assistance of
the computer. Students may utilize the computer
on their own wlth appropriate software, or the
teacher may Iinstruct the lesson via a large
television screen or overhead.

Higher-oOrder Thinkling Skill- In Bloom’s Taxonomy,
abllity to think beyond memorization of facts,
i.e.. functioning on the comprehension,
application, analysis, synthesis, or evaluation
tevels.

Problem-Solving Skiils- Thinking skills necessary to

solve word problems in mathematics.
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CHAPTER ONE: INTRODUCTIODN

The emphasis for computational skllls in the
mathematics curriculum has been a maljor thrust In
education for decades, A= comparisions are made of
mathematical achievements of students around the
world, ecducators in the United States are now
reallizing that our only strength s in the area of
arithmetlec and computational skilis. Accordling to
Steen (19872, many standardlzed tests have emphasized
computaticnal =skilis, =skills that can easily be solved
by calculators, and have de-emphasized open-ended
problem selving. As a result, educators in the United
States has often avocid dealing with word problems and
consequently students’ preoblem-scolving skills tend to
be weak or undeveloped,.

One current trend In education is to develop
students” critical thinking skills. Scolving word
preoblems and the associated skills indeed involve
logical and higher-~order thinking which (s part of tﬂe
critical thinklng process. Computers, as well, ¢an
facllitate the development of such thinking.

Computers heold great promise as a tool for providing

activities to develop higher-level problem-solving and
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thinking skills (Parker, 1986, Such actlvities can
stimulate the best of minds in areas of creativity,
ablillity to analyze, =synthesize and evaluate.

By teaching a unlt on problem-sciving skills
along with computer lnstruction, one could ask whether
thinking skills might be enhanced compared with the
students who are taught problem-soiving skills without
the aid of a computer. It is also possible that the
computer”s visual nature ccoculd affect student
retention, as students In this generatlon are
accustomed to televislon and entertalnment. One may
also find that by using the computer to aid in
instruction, an lncrease in student motivation may
result which in turn cculd lead to higher achievement.
At this time there appears to be llttle research which
has investigated these relationshlps.

The intent of this study is to determine if there
is a difference in student performance when word
problems or mathematical problem-sclving skills are
taught in the traditional wavy, 1.e., with chalkbrcard,
teacher lecture, guestion—-answer gsessions or when

students are taught through Computer Assisted
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Instruction. A study will ke conducted at Middleburg
High School in Middieburg, Florida. Two Consumer
Mathematics c¢lasses and two General I1 Mathematics
classes whlch are primarily tenth, eleventh and
twelfth wrade students will participate In this study.
One Consumer Mathematics class and one Generai I
Mathematics class wlll be taught by tradltional
methods, while the others will be instructed uslng

Computer Assisted Instructicon material.,



CHAPTER TwWO: REVIEW OF LITERATURE

Ecducation in the United States is constantly
changing. In the late 1960s and early 1970s emphasis
was the implementation of the open classrocom; children
vere encouraged to experlence life and learning and
the word "memorize" was not stressed in teachers”
lesson plans. In the late 19702 and early 128B0s the
trend was pback to basics~---memorizing was agaln an
acceptable practice. HNow, In the middle 1980s, the
emphaslis is on thinking and problem solving.
Computation s necessary, but there is a need for
students to be able to think and sclve problems.

Currently there is a !imlted amount of research
in the area of computers in the classroom. Computers
are bheing introduced into educatlen slowly due to the
high cost of the systems, Software development has
recently seen considerable advancement.

dcoccording to Bennett (1986, math education lacks
a relatlonship between computation and application to
real world problems, There is a great deal of
emphasis on rules and formulas as opposed to intulitlve
and exploratory problems. Bennett also neotes that

children in Japan and Europe by Grade 8 are Involved
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in Algebra, Geometry and mathematical preblem-solving,
while in the United States the curriculum is primarily
arithmetic computation.

FBennett (12852 and other educators claim that
the focus on word problem skills 1Is not bheing
reflected in current math textbeooks. The number of
word problems and the amcount of reading in math
texthbooks are both decreasing. McGintry (1%86>
compared the number of written words and word problems

in math textbooks and reported the following.

Written Words Word Problems
1924 62,000 1,510
1944 47,000 1,620
1984 34,000 510

Compared to 1924, today”’s math textlbooks have half the
numpber of written words and one-third the word
problems,

Muth (19862 argues that test results are low
today because of the lack of problem-scolving skilis.
Students cannot transfer their mathematical knowledge
inte real 1life sltuaticens which often contain
extraneoug information. Students often have

difficulty selecting relevant information in a
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problem. Moursand C1%986) reinforces this assertlion
since College Entrance Examination scores are falling
cdue to the lack of higher~corder thinking skills.

Further, teachers and adults complaln about the
Ilnapbility of students to think and soive problems
confronted In dally living.

The ability to think mathematically does not
occur overnight or in a few lessons. According to
Burns (19852 mathematical thinking i a long-range
goal that must pbe taucht continucusliy. Teachers are
the key in bullding math conflidence, as well as the
key in c¢hallenging and stimulating interest in
mathematics, Burns suggests that the teacher must
promote mathematical! thinking and have students
reflect on that thinking.

Bennett 'z (1%B&) report addresses the need not
cnly for computational skilis but also for strategles
te solve word problems. Bennett concludes that

schools in the United States face a major <¢hallenge in

imparting cruclal math skills and problem-solving
strategles, Problem—-=solvling should be a subject of
daily study dealing with real-iife lssues, academic

sklll, patient thinklng and creatlvity. Further,
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teachers need to remove the pressure assoclated with
belng right or wrong so that thinklng skills can be
enhanced. Stife and Cook (19862 suggest that 1f the
pressures of fallure were removed, half of our
olbstacles to teach preoblem—-scolving skills would ke
eliminated.

According to Davidson (19872 computers foster a
postive feelling and response [n students, Students
are in controtl of learning and have the opportunity to
be successful and the potentlal to bulld confidence.,
Learning often occurs at the student s own pace.,
Davidson also clalms that computers not only provide
for intellectual stimulation but alsc allow for active
participation and thinking.

Pogrow (198G6) reports that computers can assist
secondary schocls by providling hlgh levels of
problem-soliving skills, Teachers can replace rote
learning activities with proklem-solving activities.
The computer can graph an equation in seconds while
the student can answer the guestion regarding what
happens to the graph when x and vy change. In a
general math class students may simulate cperatlng a

business and may make decislons. These hligher-order
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thinking skillls~-synthesls, integration and analysis
of information--can be a direct result of reorienting
the curriculum with more computer instruction.

To be a .more.successiul teacher and to make
teaching easier, Moursund (1987)> suggests that
educators take advantage of Computer Assisted
Instructlon. Moursand also suggests that the entire
class participate In compbuter activities such as
simulations as the latter add a new dimension to class
instruction.

Lowd {(1986) and Davidson (1987) agrees that
computers can aid in creating positive feelings by
providing Immediate feedback and by allowlng for
individuallized learning. Lowd alsco comments that
computers can mechanize teaching and ensure learning.
Computers can challenge the best minds and teach legic
as well as critical thinking. Students are encouraged
to see that there are many solutions to real-world
problems. Open-ended software allows children to
think for themseilves. It de-emphasizes memorizing
facts and stresgses students’ ablilities to analyze
data, to develcop solutions and to simulate complex

problems in order to arrive at solutions. Students
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are encouraged to think independently and to make
declslons,

Samson et al. (19862 reviewed 45 publlshed
studles on the effect of computer instruction .on
students learning Iin the secondary schocls. Samson
found that In 38 of the 45 studlies greater galns in
performance were made when computers were used In
class lnstruction than when traditlonal methods of
Instructlon were used, Samson states: "One result
stands out: studies where the computer use was of
short duratlion {(two weeks or less) produced stronger
positive ditferences compared to regular instruction,
but this short~-term advantage was not maintained when
computers were used for approxlimately one semester.’”

A study by DeClercga and CGennaro (12862 included
four ninth grade classes. The classes were taught a
untt on volume displacement. At the complietion of the
unit, half the students spent 10 to 20 minutes in
computer simuiatlion. Flfty—-flve days later, and with
no other c¢lass dlscussion, a posttest was
administered. Students who worked with the computer
simulation did significantly better than students who

did not partlcipate in the simulation. The study
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concluded that there is a long-term Impact on
student’s learning when alded by a computer,

According to Rumage (19872, Eula, Texas conducted
a study of elemetary. students using computers in.math
classes. Results in the first yvyear of operation

showed a galn of 7.8 academic months following 75

ten-minute sessions. The galns by middle school
students in this study were not impressive. Growth at
the middle-school level was only 3.0 months to 5.3
months,

Douglas and Bryant (1985) conducted a study in
Garland, Texas, wvhich found positlive results by using
comnmputers in instructlion. The scores in mathematic
concepts and computatlon cof the Iowa Tests of Basic
Skills were 6% to 7% higher than the scores of vears
prior to the implementation of computer-asslsted
Instruction in the elementary schools. Two 20 minute
sessions per week were spent on mathematics studies In
the computer lab. Agaln, the performance of the
middle schools, grades & to 8, were not as positive as
the elementary results.

Roblyer‘ s (1985) Intense study included reviews

of 12 research studies published from 1972 to 1985.
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Roblyer’s conclusions were similar to the findings as
mentioned in this chapter. Higher gains are generally
made at the elementary level than at the mliddle or
h.igh school Jevels. Mathematles lessons. taught. . wlth
the computer tends to show greater success than
reading or language arts programs. Lessons that are
supplemented by computer instruction tend ta have a
greater effect on student’s retention than concepts
which are taught =solely using the computer,

Eokiver’s (198%) study also addressed probliem
sclving. The study stated that teaching problem
soiving and higher-order thinking skills by computers
fg stlll in its infancy. There ls still a critical
need for further studies to determine the computers
instructional power in the classroom. Arch (198692
supports Reblyer s position, He remarks that
computers are seen as a great atld to students in
allowlng them to be more proficient problem—-solvers,
Computer programming as weil as the software packages
avallable today, i=g a tool to enhance learning and to
allow students to make declsions. Arch, like Roblyer,
cancludes that further studies need to be done In this

areca.
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To summarize, educators need to place more
emphasls on word problem-sclving skiils Iin the
classrcom and less emphasis on computation since
students’ skills in the area of appllcation tend to be
weak or undeveloped. Computer instructlion in the
classrcom has great petential however, more research

needs to be conducted in thls area.
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CHAPTER THREE: DESIGN OF THE PRCCEDURES

PURPOSE

The lIntent of this study was to compare student
performance in seolving word problems as a result of
using two tvpes of instruction. One group was taught
by the traditional method: guesticon—answer sessions,
teacher lecture, chalkboard demonstrations, and
practice with worksheets, while the other group’s
instructicnal method included: gquestion—-answer
sesslons, teacher lecture, practice with worksheets,
as well as, visuals provided by a computer.
SETTING

The Middleburg High School community is

predominantly white and middle class. Middleburg is a
rapidly changing area. The change is from rural to
surburban with large areas of each. In a 198Z survey
of graduating seniorzs, 25% of them planned to continue
some type of formal education after completing
high-school. 15% of the population of high-schogl
students qualify for free or reduced price lunches.
SUBJECTS

The study was conducted in two Consumer

Mathematics classes and two General II Mathematics
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classes at Middieburg High School in Clay County,
Flerida during February, 1988. In the
computer-instructed Consumer Mathematics group there
were B white males, 1 hispanic and 14 white females.
In the computer-instructed General II -Mathematics
class there were 13 white males and 11 white females.
The traditlionally Iinstructed Consumer Mathematics
clagss included 13 whlte maltes and ¢ white females,
while the General Il Mathematics class had 10 white
males and 11 white females. In all classes the
students” mathematics backgrounds vary greatly. Some
students have completed courses in General
Mathematics, while others have had or are currently
enrclled In Algebra classes,. Both Consumer c¢lasses
are simiilar in thelr cverall academlic performance in
mathematics as was the General classes.

MATERIALS

To determlne the word problem =solving achievement
tevel of students at the beginning of instruction, the
TASK, Stanford Test of Academic Skills, Form E; Level
1 Mathematics Test was adminlstered as a pretest. To

determine effects of the word problem solving unit the
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TASK, Stanford Test of Academic Skills, Form E, Level
2 Mathematlicgs Test was used as a posttest,
PROCEDURE

Pretesting. The pretesting of the students with
the TASK was done In cne class sesslon to determine
the achievement level and to acgulire a raw score for
each student.

A unit on word problem solving was taught Iin both
Consumer Mathematics classes and both Generat I1
Mathematics c¢lasses, The classroom setting was the
same for both classes wlth the exception that one
Consumer class and one General 11 c¢lass was taught via
computer instruction. The other factor that may
influence the results was the time of day Iin which the
classes met. The classes utilizing the computer
instruction met early in the day, while the
traditiconal method of instructlon classes met the last
two hours of the day. All classes were Instructed 55
minutes per day, for & davs.

The Polya mathematical method of Instruction was
utilized in all classes. Do you understand the
propblem? Do you know what the problem is asking?

Draw a figure or chart. Do vyou know a related
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problem? Carry out your plan. Check your results,
Work backwards if necessary.

The Apple computer attached to the liguid crystal
display panel, LCD, projected the problem-solving
programs. Three computer programs: The Microcomputer
and Problem-Solving Project, Hayden’s Quantitative
Comparisons and Word Problems, and Peterson"s Math
Skill Development Exercises were used in the lessons.

The cther two classes were presented the |
identical word problems on the overhead proljector and
chalkboard.

Posttest. The posttest was administered using
the TASK Mathematics Test, Form E, Level Z in one
glass session to determine the effectiveness of the
word probtem solyving unilt. A raw sceore was assigned to
each student as a way of scoring the test. The
results ¢f the pre and post test are compared and
analvzed using the raw scores and derriving the mean,

median and =standard deviation.



CHAPTER FOUR: RESULTS

PURPOSE

The purpose of this proJect was to determine if a
relatlonship exists between type of mathematical
instruction and student performance. Would there be
differences in student performance between students
taught problem-solving skills with the ald of a
computer and those tauaoht by the traditional method of
instruction?
SUBJECTS

Ninety students in grades 9 through 12
partlcipated In this study. Forty-four males and
forty-six femaleg ages fifteen to twenty were Involved
in a six day word problem solving unit in thelr
Consumer Mathematics or General 11 Mathematlics class
in February, 1988.
MATERIALS

The Stanford Test of Academic Skills, TASK, Form
E, Level 1, Mathematics test was adminlistered as a
pretest to determline entrance level ability. To
Judge the effectiveness of this unit the TASK, Form E,
Level 2, Mathematics Test was administered as a
posttest.
Resul ts

A comparlson of the pre- and posttest scores of
the TASK was done by using the raw =cores and tallvlng

the difference between the Ltwo tests. (Table 1).
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Table 1
Student Consumer Consumer General General
Number : w/conputer W/l out w/computer w/out
1 -6 -16 -9 -19
P -17 -15 ~7 -9
3 ~12 -15 -5 -18
4 ~-16 0 -5 -13
5 -3 ~-12 -12 ~-11
5) -6 -7 -10 -14
7 -16 -23 -16 -11
8 -14 -11 -10 -13
9 -16 -3 -2 -13
10 -17 0 -1 ~-11
11 +4 -7 -8B -1
12 -8 -7 -10 -4
13 -9 -3 -9 -7
14 -3 -22 -18 -14
15 -10 -14 -5 -4
16 -3 -3 -14 -9
17 -14 -15 -3 -23
18 -8 +6 -10 -14
19 -17 +1 -8 -14
20 -7 -6 -9 -7
21 -8 -12 -3 -10
2z -6 ~11 -23
23 -7 -18

24 -9
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Table 1 ¢(contipuedd

Consumer Cansumer GCeneral General
w/computer w/out w/computer w/out
Number of
Students 23 22 24 21
Mean -9.52 -8,86 -9.63 -11.38
Median -8.00 -9.,00 ~2.00 -11.00
StLeviation G5.67 7.52 5.21 5.20

In takle 1, the first column refers to the number
of students tested Iin a given class, These numbers
were assigned to the students randomly. Columns two
through four contain galn scores for students
(pretest- posttest score). The posttest was much more
difficult than the pretest which was reflected in the

data and the dlfferences.

DISCUSSION

The national mean for the pretest range from
30.8 to 35.1 depending on the grade ijevel. The
naticonal mean score on the posttest range from 22.1 to
28.0 agalin dependlng on the grade level. National
scores on these tests show a decrease from 7.1 to 8.7

on the posttest.
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The mean results of the raw sceores of these

Middleburg High Schoeol classes are shown in table 2.

Taple =2

Pretest Posttest Change
Consumer without computer 34,1 25.1 -
Consumer with computer 32.2 22.2 -10
General without computer 31.1 19.8 -11.3
General with computer 26.3 15.6 -2.7

The Consumer classes differed by only cne point
in favor cof the traditonal instruction. The General
IT classes diftered by 1.6 points in faveor of the
computer instruction. An analysis of varlance
procedure was used to analyze the results summarized
in Tables 1 and 2. The results do not Indicate a
significant dlfference In the Iinstructional method.
In summary, although the Consumer class without the
computer and the Ceneral class wlth computer did not
drop as far as the Consumer class with the computer
and the General class wlthout the computer there was

no signtficant difference.
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CHAPTER FIVE: CONCLUSION

CONCLUSION

The problem-solving unit used two types of
Instruction, traditional Instruction and computer
alded instruction. The computer programs offered
colorful diagrams and animated characters which the
students enjoved and whlch malintalined their interest.
The other groups were required to take a more active
role as they were responsible for the drawings. Both
groups developed a cooperatlive atmosphere. They were
alhle to work as a group and achieve Jjoint success.
Students were never told they were wrong, rather they
were polinted Iin another direction. This resulted in
more participation than normal as students were
encouraged to think, probe as well as guess, As there
was no slgniflcant difference in the results of elther
groupr one could conclude that the teacher plays an
important role in communicating and directing students
In solving word problems.
DISCUSSION

The results on the National level as well as the
results at Middieburg Hlgh School show a deciine in

scores from the pre- to the posttest. In comparing
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the resultgs there appears to be no slgnificant
difference In the !Instructlional methods. Several
factors may have attributed to the overall drop in
scores., First, senior =skip day was the same day as
the pretesting and many students missed a day of
instruction while they were taking the test. Second,
the flrst semester was over and many students
throughout the week were having their schedules
c¢hanged. Students were entering and legaving the
classes daily and these disruptions distrubed the flow
and structure of lnstruction. Third, =ome students
felt that they were not receiving a grade so they were
not fully lInterested in learning.
LIMITATIONS

Time was the most important factor in thls study.
The curriculum set by the state and county does not
atlow rmuch time for enrichment activitles.

The computer legssons were more time consuming
than the traditional lessons due to the programs and
demonstrations. This created a problem in planning
the days activitles so that both ¢classes received

equal lnstruction.
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The computer and equlpment had to be moved from
room to rcom as the researcher was a floating teacher.
This created problems not only because the egulpment
had to. be moved and. set up . in time, but securlty. of

the equipment was also a factor.

SUGGESTIONS

Three recommendations are suggested for further
studies.

First, the study should have been done on one day
of the week for several weeks to keep the interest
level high. For some students six intense days of
problem-solving was too dralining.

Second, each student should recelve a copy of the
word problems. In the computer lessons, once the
program demonstrated helpful hints, the problem
dlisappeared from the screen and students had to rely
on memory for answering the gquestion.

Finally, students need to be given a
participation grade. When students are not being

graded there tends to be a loss of interest,
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CONSUMER MATHEMATICS CLASS TAUGHT WITH THE COMPUTER

STUDENT GRADE SEX AGE PRETEST POSTTEST
1 2 F 16 16 11
2 10 F 17 32 15
3 10 F 16 35 23
4 10 F 17 37 21
S 10 M 16 18 15
6 11 E 16 41 35
7 11 F 17 42 26
8 11 F 18 ez 08
9 11 F 16 40 24

10 11 F 17 34 17
11 11 F 17 29 33
12 11 F 17 30 2e
13 11 M 17 32 23
14 11 F 17 31 28
15 12 M 18 34 24
16 12 F 18 21 18
17 12 M 17 38 24
18 i2 F 18 41 33
19 12 M 17 35 18
20 12 F 18 30 23
21 12 M 19 34 26
22 12 M 18 24 18
23 12 M 18 44 37

CONSUMER MATHEMATICS CLASS TAUGHT WITHOUT THE COMPUTER

STUDENT GRADE SEX AGE PRETEST POSTTEST
1 2 F 16 41 24
2 10 F 16 37 22
3 10 M 17 4] 26
4 10 M 15 43 43
5 10 F 16 44 32
& 11 F 16 43 36
v 11 M 17 35 12
8 11 M 17 26 15
2 11 F 17 40 37

10 11 F 17 42 42
11 11 F 17 33 26
12 11 M 17 18 11
13 11 M 17 22 19
14 11 M 16 35 13
1S 11 M 16 34 20
16 12 F 17 34 31
17 12 M 20 34 19
1B 12 M 18 14 20
19 12 M 19 42 43
20 12 M 17 17 i1
21 12 M 17 43 31
22 12 F 17 30 12
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GENERAL MATHEMATICS 11 TAUGHT WITH THE COMPUTER

STURENT GRADE SEX AGE PRETEST POSTTEST
1 4 M 15 18 0%
2 4 M 15 25 18
3 9 M 16 19 14
4 7 M 15 25 20

R <T 2? M 17 2B e e LB
6 2 F 15 33 23
7 2 F 15 36 20
8 10 F 15 30 20
9 10 F 15 28 19

10 10 F 17 23 22
11 10 M 16 26 18
12 10 M 16 22 12
13 10 M 16 17 08
14 10 F 17 32 21
15 10 M 16 19 14
16 10 M 17 26 12
17 10 F 16 17 14
18 10 F 15 37 27
12 {a F 16 21 13
20 11 F 16 3B 29
21 11 M 186 19 16
22 11 F 18 37 14
23 11 y| 18 35 17
24 11 M 17 14 03

GENERAL II MATHEMATICS TAUGHT WITHOUT THE COMPUTER

STUDENT GRADE SEX AGE PRETEST POSTTEST
1 ? F 15 30 11
2 2 F t6 38 29
3 4 M 15 32 21
4 4 F 15 39 26
5 ? F 17 23 12
G 4 F 15 33 19
7 @ F 15 35 24
8 G F ] 29 16
2 10 M 17 46 33

10 10 M 16 36 25
11 10 F 16 24 23
12 10 M 15 18 14
13 10 M 15 24 17
14 10 F 16 35 21
15 10 F 16 25 21
16 10 M 15 22 13
17 10 M 16 31 08
18 10 M 15 40 26
19 10 F 15 37 23
20 11 M 18 28 21
21 11 M 18 23 13
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