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ABSTRACT

Research related students' orientation toward college
and college majors to their attitudes toward computer-assisted
instruction (CAI) and their performance in an organic chemistry
course using caI. Major findings were that: 1} students majoring in
applied fields manifested more favorable attitudes toward both
organic chemistry and CAI, than did students majoring in natural
science; 2) students majoring in natural science received higher
grades than those in applied fields; and 3) attitude was negatively
correlated vith course grade. These results were interpreted with
caution, due to the small numbers of students involved, the limited
portion of the course which used CAI, and the absence of a control
group. Nevertheless, they seemed to imply that there were
differential benefits of CAI for students with different majors and
that CAI was more useful to poorer students since it provided a
structure for learning science which they previously lacked. Since
grades improved in the second semester, it appeared that CAI's
contribution accelerated over time. The development of orientation
programs to improve the attitudes of students toward CAI was
reconmended. (PB) '
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Computer-based education (C-BE) techniques are being increasingly applied
in the educational process as universities seek to individualize instruction
and find better ways to provide large numbers of students with the opportunity

to assimilate the fundamental principles and procedures of their disciplines.
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C-BE can provide individualized drill and practice in the lower level skills
which are basic to a high level of mastery in a number of academic disciplines
without the demands upon the time of faculty and advanced students which are
inherent in traditional pedagogical strategies.

C-BE can structure the learning experiences of large numbers of students
without the continual attention and intervention of an expert teacher. This
reduction in formal teacher-student contact makes it necessary to carefully
evaluate both the overall gains in learning which may be realized from a given
C-BE procedure and the degree to which students' backgrounds, aptitude, and
orientations benefit from C-BE programs.

The present paper is a partial report of an effort to evaluate student

1This stady was supported in part by Project C-BE under Grant GY-9340, '"'The
Use of Computer-Based Teaching Techniques in Undergraduate Science and
Engineering Education' from the National Science Foundation to the University
of Texas, Drs. John J. Allan and J.J. Lagowski, Co-Directors.
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characteristics related to performance in an introductory organic chemistry
class employing drill and tutorial C-BE modules. This effort was carried out
in the context of the SCRAPE model of educational program evaluation (Liberty,
1972) . Liberty posited that OQutput Behaviors (in this case, grades in the
organic chemistry class) can be viewed as a joint function of: (1) Curricular

characterisficg of an educational program such as the pedagogical techniques

employed, the mode of C-BE used in the course, testing strategies, etc.; (2)

Educational environment chavacteristics such as the competence and attitude of

the instructor, the convenience or difficulty of obtaining the resources necessary
to fulfill class requirements, the prevailing attitude toward the course, etc.;

and (3) Student entering characteristics, including students' soéqal class,

ethnic background, personality traits, and scholastic aptitude.

Curricular and Educational Environment Characteristics

The introductory organic chemistry course, CH818a-b, is a two semester,
eight credit hour course. The course consists of two 50-minute lectures per week,
an optional 50-minute discussion section and a required 4 hours laboratory period
each week..

In addition to these traditional aspects ot the course, twenty-one
computer-based lessons (average length 35 minutes) were introduced in the C-BE
sections as a requirement. These lessons included both the presentation of
tutorial material on essential concepts in organic chemistry and drill in the
application of computational procedures and organic chemistry terminology. The
students were permitted to schedule their interaction with computer lessons as
they chose, within the hours when terminals were available. A criterion per-

formance level of 85 per cent was established for successful completion of

each lesson.
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Student Entering Characteristics and Outcome Measure

Data for variables of interest were available on 12 of 28 students who
completed both semesters of an introductory organic chemistry course .using C~§E
modules during the 1972-73 academic year. For the Orientation Toward College
Inventory, data are also presented for a comparison group of 22 students enrolled
in a conventional (non C-BE) sectron of the introductory organic chemistry class.
This second section of CH818a-b was taught by a different instructor.

Major. The students were classified according to their declared major
field. For the purpose of comparison, students majoring in applied fields were
analyzed separately from those majoring in natural science fields. For the students
in the C-BE section, the Applied Group (N=6) was comprised of chemical engineering
(N=1) and pharmacy (N=5) majors, while the Natural Science Group was made up of
chemistry (N=5) and biology (N=1) majors. In the conventional instruction
section the Applied Group (N=15) was.comprised of pharmacy majors (N=10) and
chemical engineering majors (N=5). The Natural Science Group (N=7) was cbmprised
of 5 chemistry majors, one microbiology major and one zoology major.

Aptitude. SAT scores were obtained for all students in the C-BE section.

Attitude Toward C-BE. Each student in the C-BE section filled out an

attitude questionnaire during the Fall Semestcr and again during the Spring Semester.
The questionnaire asked for ratings of "Chemistry" and of "The Computer as a Study
Aid" on two separate, ten-item, semantic differential scales.

Orientation Toward College. The Orientation Toward College Inventory (OTC),

an experimental measure of values and goals in education was administered to all
students enrollcd in both sections of organic chem1stry'dur1ng the Spring Semester.
:The 0TC c0n51sts of br1ef paragraph descriptions of four “persOnal ph1losophies" S

‘which characterlze a range of attitudes about the purpose of higher edUCat1on. e,~ff4
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Students rank the philosophies in the order that they hold the beliefs expressed

on the inventory. The Vocational philosophy stresses higher education as carcer

preparation. The Academic philosophy emphasizes the development of the intellect

and the value of education as scholarly endeavor. The Social philosophy stresses

' extracurricular activities and social life as one of the most important aspects

of a college career. And the Identity-seeking philosophy stresses the importance

of individualism and a search for the meaning of life.

Outcome Measure. The outcome measures in the C-BE section were the students'

course grade for both semesters. Grades were assigned on the basis of the numher
of pointé earned by each student out of a maximum possible of 1700 points awarded
for performance on exams, in the laboratory, and on the computer modules. Students
who achieved the 85% criterion on 20 of the 21 computer modules earned 150 points
toward the above tontal. Ten'points were deducted for each lesson not completed
below the 20 module - minimum. |

Since differences in the;grading systems and in course content invalidated
direct comparison of performance in the C-BE and conventional sections, grades are

not reported for students in the conventional sections.

Results

Grade in Course

Table 1 includes a breakdown of course grade data for Applied and Natural

Science majors in the C-BE section for both Fall and Spring semesters. In the
first semester of the course (Fall) the Natural Science group (Mean Grade = 3 17)
"d1d cons1de1ab1e better than the App11ed grOup (Mean Grade 3 2 00) ThlS d1f—’ |
o ,.k":ference was tested by a smgle classiflcation analy51s of var1ance and has found
“fto be sxgn1f1cant at the .05 level, (F ~,4 89, 1, 11 df)

Dumng the second semeSter, the Natural Sc1ence group performed at the




same level as during the Fall (Mean Grade = 3.20) while the Applied group

improved considerably (Mean Grade = 2.60). No significant differences were found

between the means for Spring Semester grades.

Scholastic Aptitude Scores

Mean SAT scores for both groups on the Verbal and Quantitative sections
of the test as well as total scores are presented in Table 1. There was a

substantial difference between the mean verbal scores for the two groups

(Applied = 482, Natural Science = 626; F = 6.05, p = .03 for 1, 11df).
The Quantitative section of the SAT revealeﬂ no significant differences
between the two groups of students (Applied = 641, Natural Science = 682}.
But the superiority of the Natural Science group was again evident on the
total score (Applied = 1123, Natural Science = 1308; F = 4,50, p = .06; 1, 11df).
Pearson product-moment coefficients of correlation were computed for all
three SAT scores and Fall and Spring course grades. Only the SAT-Verbal vs.

Fall course grade comparison (r = .58) reached to .05 level of significance.

Attitude Scales

'All of the students tested showed a substantially positive attitude both
tovard the computer and toward the subject matter of chemistry. The Applied
group was more positive than the Natural Science group on each of the administra-
tions (Spring and Fall) of the two attitude measures (see Table 1) and in the
case of Attitude toward the Computer as a Study Aid - Fall, the mean attitude
score was 31gn1f1cant1y more positiVe for the Applied group, (App11ed 23.67,

- ;Natural Sc1ence 31 SO, F = 4. 76 b= 05, 1 and lldf)

Coefflcients of correlation were computed between course grade for both

*ft'_semesters and the two Scales of the attitude 1nstrument. The Fall adminlstra~f'

?fftion of the Attitude toward the Computer as a Study Axd soale correlated |
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negatively with both the Fall course grade (r = -.54, p = .05) and Spring
Course grade (r = -.65, p = .01). Further, the Fall administration of the
Attitude toward Chemistry scale eorrelated negatively with Spring course grade;
(r = -.54, p = .05). The findings indicate although the Applied Science group

made lower grades, they had more favorable attitudes both toward chemistry and

toward the computer.

Orientation Toward College Inventory (OTC)

Table 2 presents the rankings which each student in the two groups in the
C-BE section assiéned to the four philosophies of the OTC as well as mean ranking
of each philosophy. For both groups a ranking of 1 indicates the highest agree-
ment with the philosophy while a ranking of 4 is the lowest rating.
Overall, the Natural Science group strongly favored the Academic
philosophy (hean = 1,59) and ranked fhe Vocational (mean = 2.67), Social (mean =
~ 2.83), and Identity-Seeking (mean = 3.00) philosophies as second through fourth
in that order. The Applied group, on the other hand, favored the Vocational
philosophy (mean = 1.83) with the Social philosophy (mean = 2.00) as a close
second and the Academic (mean = 2.67) and Identity-Seeking (mean = 3.67)
philosophies rated as third and fourth respectively. |
Within the Applied group, the pharmacy majors tended to rate the Social
philosophy as highest and the chemical engineers favored the Vocational philosophy.
The chemistry majors in the Natural Science group gave the Academic philosophy
either the first or second ranking, while the lone biology major chose the
:Ident1ty—Seek1ng phzlosophy.
o Table 3 presents the ranklngs wh1ch each student 1n the convent1onal ’
~ffsect*on app11ed to the fOur ph1losoph1es of the OTC as hell as the mean ranklngs.

w;‘fhfor the Applied and Natural Sc1ence groups.5 In the case of the Appllcd_group,

‘;ethe pattern of the mean rank1ngs was the same as in the C—BB section, Vocational
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first (mean = 1,47), Social second (mean = 2.27), Academic third (mean = 2.60),
and Identity-Seeking fourth (mean = 3.67).

The Natural Science group in the conventional class differed from their
counter-parts in the C-BE section in that the Vocational philosophy (mean = 1.57)
received the highest mean ranking, while the Academic philosophy (mean = 2.00)
dropped to second rank. The Social philosophy (mean = 2.83) and the Identity-
Seeking philosophy (mean = 4.00) remained as the third and fourth.choices
respectively.

For students in the C-BE section correlation coefficients were computed
between the mean ratings of each of the four philosophies and the attitude measures.
The Academic philosophy correlated negatively with the Fall administration of
the Attitude toward Chemistry Scale, (r = -.67, p = .01). The Social philosophy
correlated negatively with the Fall edministration of the Attitude toward
Chemistry Scale (r = -.50, p = .05) and positively with the Fall administration
of the Attitude toward the Cemputer as a'Study Aid Scale (r = .53, p = .05).
Noksignificant correlations were observed between any of the four philosophies

and the Spring administration of the attitude scales.

Discussion
The pattern of the performance data may indicate that students majoring
in applied fields and those majoring in chemistry or biology derived a differential
benefit from the C-BE instructional technique. The natural science majors achieved
a relatively high level of performahce during the Fall Semester and maintained
it~ dur:ng the Spring The applled maJors ach1eVed only a2, 00 mean grade in the
>fc:Fa11 but the1r performance 1mpr0Ved markedly to a mean of 2 60 at the end of the _”;:;}

TffSpring Semester.; This trend can be V1ewed as a funct1on of the fact that the jr'"‘77f

‘*i j:Appl1ed group derived‘a;freater cumulative benefit from the C BB 1nstruction over

‘7ftwo semesters wh1ch was evidenced by their imprOVed performance in the Spring.qgi ; .
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It might be that the structure imposed by the C-BE modules and the immediate

. feedback on performance helped the students who were less familiar and comfortabie
with organie chemistry tamﬁéquire effective teehniques for covering the material
which the Natural Science group had acquired earlier in their academic careers.

The SAT scores obtained for the two groups showed a significant difference
in verbal and total scores favoring the Natural Science group. Unsuprisingly,

a student's aptitude as well as choice of major must be considered as a‘potential
predictor of the benefit which the student will derive from a C-3E 1earhing
experience. A larger sample of students majoring in applied fields will have

to be evaluated before the relative influences of personality~attitude factors
versus a simple aptitude factor upon performance can be assessed.

Inspection of the attitude data reveals that the Applied group which
performed at a lower level actually manifested a systematically more positive
attitude both toward the computer as‘a study aid and toward chemistry than the
Natural Science group.

A possible explanation for a 1ore favorable attitude toward the computer
as a study aid on the part of the Applied group is that the chemical engineering
and pharmacy majurs may have had more prior experience with computers or may have
had a stronger set to view computers as valuable tools in their chosen professions
than did the Natural Science group. 7This does not seem likely, however, for two
reasons. First, CH818 is a sophmore level course and none of the students in any
of the four major fields encountered a formal introduction to computers in their
academic programs prior to their junior year. Second there is no reason to belieVek

. that students in the Applled group would vau1re more 1nforma1 experlence w1th

>'°:yf?ecomputers than would the Natural Sclence group

A second explanat1on mhich 1s more 11kely in the 11ght of the data, 1s

A.Iji{~that the Applied grOup was more favorably d1spo$ed toward the computer becaUSe

1ﬂ’fit was. of more benefit to them.v Students who find that drill and practice on the
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computer helps them to master the material and obtain better grades would be
expected to have a more positive attitude toward it than would students who
derived no substantial benefit in terms of course grade.

There is no obvious apriori reason why the Applien group should also manifest
a more positive attitude toward chemistry than did the Natural Science group.
The fact that the differences on neither the Spring nor the Fall administration
of Attitude Toward Chemistry Scale reached statistical significance may indicate
that the difference between the groups on this scale was the result of a small
response bias on the part of the Applied group.

It is also possible that the more favorable attitude toward chemistry on
the part of the Applied group is a function of their perception of the ofganic
.chemistry class itself. Dr. Stotter, the instructor of the C-BE class reports
that organic chemistry has a widespread reputation among chemistry majors as being
a time consuming and tedious class in comparison with other courses in the major
sequence. Thus the Natural Science group may be reflecting negative bias towards
organic chemistry in particular. The Applied group, on the other hand, may view
the course more positively since they have a different body of previous experiences.
No conclusions are warranted in this area until more complete attitude norms are
established for the populations being studied.

Finally, one possible explanation for the initially poorer performance
on the part of the Applied group is that they entered the course with an un-
realistically fatorable attitude to chemistry and C-BE. If such were the case
the. Applied group may.have been caught unawares by a difficult and time consuming

S course and it may haVe taken them unt11 the second semester to acquire eff1c1ent

: Ve,strateg1es for master1ng the material

The OTC 1s st111 1n the deVQlopmental stages SO the 1mp1icat1ons of the

‘ratings of the four scales are not yet clear But the relationsh1p between the
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scale scores contributes to the overall picture of the students who took part
in this study. -

In both the conventional and the C-BE sections the Natural Science group
was more favorably disposed toward the Academic philosophy than was the Applied
group. And in the C-BE section the Natural Science students as a group ranked
the Academic philosophy as first ahead of the Vocational philosophy.

Finally, the Applied groups in both conventional‘and C-BE sections ranked
the Academic philosophy as.their third choice behihd the Vocational and Social
.philosophies.

Although the differences between means are relatively small and were not -
tested for significance, the trends described are consistent~with the kinds of
career preparation being pursued by the two groups. Students majoring in pure
science fields might be expected to be more academically oriented while students
majoring in applied fields would tend to have more practical concerns.

The significant negative correlation.between the Academic philosophy and
attitude toward chemistry for students in the C-BE section is consistent with the
fact that the more academically oriented Natural Science group had a less positive
attitude toward chemistry. And it would be expected that adherence to the Social
philosophy which was more prevalent in the Applied group would correlate positively
with the Social philosophy which was predominant among the Applisd group. 'No
explanation for this discrepancy is immediately evident. It does seeh, however,
that the Social philosophy of the OTC may tap a dimension of attitude which cuts
across the category of applied versus natural science college major. Ana1y51s of

f’data collected dur1ng ‘the 1973-74 academic year 1s cxpected to proV1de more '
'°f1nform1tion on the va11d1ty of the scales of the OTC, partlcularly the Soc1a1
| >ph1losophy.» i : .

Three factOrs dlctate that the results reported in the present study be

‘”t:R\!: regarded as qu1te tentat1ve._ Flrst a relatlvely small sample of the students
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enrolled in the C-BE and conventional organic chemistry courses were tested and
the generality of the trends reported has not yet been established. Second, it
was not possible to obtain a performance measure which was directly related to
the C-BE segment of the course. The computer modules had a relatively small
influence on the course grade and it can only be inferred that observed differences
in performance were a function of the effect of C-BE. Thirdly, performance and
attitude data from students in a comparable conventional (non-C-BE) class was

not available as a control.

Data from a much larger sample of students have been collected during the
Fall of 1973 and is currently undergoing analysis. It is expected that these
data will provide a firm basis for confirming or disconfirming inferences drawn
from the data in the present study.

With the above reservations in mind, several trends in the data can be
viewed as having potential significance for the development and dissemination of
C-BE materials for use in introductory science classes. The most clear cut trend
was the increment in performance for the Applied group across the two semesters.
If this finding is replicated it may indicate that students with less intrinsic
motivation to master the subject matter and/or lower scholastic aptitude stand
to benefit the most from C-BE of this type.

A second trend which emerged from the present data was the more positive
attitude on the part of the Applied group. This more favorable opinion both
towards C-BE and toward chemistry may be a function of the students' perceptions
of the benefits derived from the class. Alternatively it may be due to an
att1tude or a b1as wh1ch the students br1ng w1th them to their expel1ence with
C BE 1n the organ1c chemistry couxse.;g r |

If 1t 1s demonstrated that d1fferent pred1sposit1ons are respon31ble for :?5~7 o

. ‘mhifthe obsexved d1fferences 1n attitude and performance there may be a need for

:[:R\}: or1entat10n procedures to educate students from d1Verse backgrounds 1n the

wll Toxt Provided by ERIC
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advantages and disadvantages of C-BE as applied to organic chemistry as well
as in the most efficient strategies for approaching a C-BE course. Subsecquent
research will focus upon the determining the actual necessity of such orientation

procedures as well as upon a clearer delineation of the attitude and orientation

" toward college variables discussed in the present paper.
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TABLE 2

RANKINGS OF PHILOSOPHIES ON
ORTENTATION TOWARD COLLEGE INVENTORY
FOR STUDENTS IN C-BE ORGANIC CHEMISTRY CLASS

Vocational Academic Social Identity-seeking
Applied Majors
,Sl Pharmacy 3 4 2 , 2
S2 Pharmacy 1 3 2 4
83 Pharmacy 2 3 1 4
S4 Pharmacy 2 1 3 4
Sg Pharmacy 2 3 o1 4
86 Chemical Engineering 1 2 3 4
Mean Ranking 1.83 2.67 2.00 3.67
Natural Science Majors
S1 Biology 4 2 3 1
82 Chemistry A 3 1 2 4
SS Chemistry 2 4 1 3 4
S4 Chemistry 2 1 3 4
Ss Chemistry 1 2 3 4
S¢ Chenistry 4 4 2 3 4

Mean Ranking 2.67 ' 1.50 2.83 3.00




! TABLE 3
RANKINGS OF PHILOSOPHIES ON

ORTENTATION TOWARD COLLEGE INVENTORY
FOR STUDENTS IN CONVENTIONAL (NON C-BE) ORGANIC CHEMISTRY CLASS

G

Vocational Acadenic Social Identi__tx—seeking;..-
Applied Majors B
S1 Pharmacy 1 2 3 4
82 Pharmacy 1 3 2 4
S3 Pharmacy 2 1 3 4
S4 Pharmacy 1 3 2 4
Ss Pharmacy 1 4 2 ' 3
86 Pharmacy 1 3 2 4
S7 Pharmacy 3 2 3 4
S8 Pharmacy 2 3 1 4
S9 Pharmacy 2 4 1 3
Sm Pharmacy 1 2 4 3
S11 Chemical Engineering 1 2 3 ' 4
512 Chemical Engineering 4 1 2 3
813 Chemical Engineering 1 2 3 4
S14 Chemical Engineering 2 4 1 3
S15 Chemical Engineering 1 3 2 4
Mean Rankings 1.47 2.60 2.27 3.67 .
Natural Science bia}joré
S1 Chemistry ﬁ 1 3 2 4
'SZ Chemistry ‘ 1 2 .3 4
83 Chemistry 2 o 3 g

(8 Chemistry

S Microbislogy
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