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ABSTRACT

AN INVESTIGATION OF TEACHER CHARACTERISTICS THAT CONTRIBUTE 
TO STUDENT SUCCESS ON THE ADVANCED PLACEMENT COMPUTER

SCIENCE EXAMINATION

Andrew Joseph Guzo

The purpose of the study as to identify those teacher 
cosponents which correlate with student performance on the 
Advanced Placement Computer Science Examination. These 
components Include teacher experience, student textbooks, 
teacher participation at summer workshops for Advanced 
Placement Computer Science and teacher perception of his/her 
ability in computing.

A questionnaire of 29 items was constructed, then sent 
to 203 schools administering the Advanced Placement Computer 
Science Examination in 1986. Questionnaires were returned 
by 149 schools, and 120 were usable for the study.

Several factors proved to be related to student 
performance on the Advanced Placement Computer Science 
Examination. These factors include the type of computer 
system used by the students, amount of computer-acceas time 
for students, prior programming experience of the students, 
the number of students per computer, adherence to the 
Advanced Placement Computer Science syllabus, teacher's 
level of education, the degree of comfort the teacher feels 
teaching the course, the number of computer languages
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understood by the teacher, the teacher's proficiency in 
Pascal, the teacher's self ■‘rating of 14 topics froa the 
Advanced Placesent Computer Science syllabus and the 
teacher's judgment of how difficult students would find 
questions from the Advanced Placement Computer Science 
Examination.
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Chapter 2 

INTRODUCTION

Need for tha atudv

In the fall of 2983, the College Entrance Examination 
Board sponsored an advanced placement program an computer 
scaence. By May, 1984, the faret advanced placement 
computer science course was offered tty 915 schools; 4262 
students participated an the program. In the 1984-85 school 
year those numbers increased to 1200 partlcipatang schools 
and an expected 6000 students will take the examination.
With most schools needing only one advanced placement 
instructor, an approximate 1200 teachers are involved m  the 
program.

To date no research has focused upon the correlation 
between teacher background and student success on the 
examination. A survey conducted by the College Entrance 
Examination Board found that most high school teachers 
taught BASIC and had little experience in a structured 
language such as Pascal. They were unfamiliar also with 
algorithms and data structures, essential elements in a 
computer science program.

The professionals who seem most qualified to teach this 
course would be recent graduates of computer science 
programs. Very few, however, enter secondary education. To
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implement the advanced placement, computer science curriculum 
successfully, teachers must be trained to teach the course.

During the summer of 1933, 41 universities and colleges 
hosted intensive summer workshops to train high school 
teachers to handle the advanced placement computer science 
program (33 taught courses covering the full advanced 
placement computer science curriculum; 8 offered an 
introduction to Pascal!. During the 1984 summer, 41 sctioois 
offered workshops (36 in the advanced placement computer 
science curriculum; 5 in Pascal!. The number for 1985 was 
25 (20 In the advanced placement computer science 
curriculum; 5 in Pascal!. While these workshops were 
reported to be "successful,'* the colleges have received 
little feedback concerning the effects of their programs.

Both the colleges and the College Entrance Examination 
Board would benefit from information concerning the 
effectiveness of teacher training programs in the advanced 
placement computer science curriculum. Kesearch is needed 
to identify those resources which teachers possess, beyond 
the infornation in the computer acxence curriculum, cnat 
contribute to student success on the Advanced Placement 
Computer Science Examination. Is exposing a secondary 
teacher to six credits of Pascal, data structures and 
algorithms adequate for mastering the content? Do worksnopa 
offer the instructor an expertise so that he/she can teach 
the material effectively? la an extensive training program, 
rather than an intensive one, more effective? How much time 
during a training program should be devoted to Pascal, data



www.manaraa.com

structures and computing algorithm*? If significant factors 
can be identified, the level of secondary instruction can be 
1 improved, and teacher training programs can be planned more 
ef f ect1vely.

Purpose

The purpose of this study is to identify those teacher 
components and characteristics that have a high positive 
correlation with student success on the Advanced Placement 
Computer Science Examination.

The questions to be considered are
1) what Is the relationship between the number of

years experience a) teaching, b) teaching 
mathematics and c> teaching programming or 
computer mclmncm and student success on the 
Advanced Placement Computer Science Examination?

2) what la the relationship between teachers who do 
and teachers who do not attend Advanced Placement 
Computer Science workshops and student success on 
the Advanced Placement Computer Science 
Examination?

3> what Is the relationship between the textbooks
used In the course and student success on the
Advanced Placement Computer Science Examination?

4> what Is the relationship between teacher training 
m  a> Pascal syntax, b i data structures and cl
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algorithm* and student success on the Advanced 
Placesent Coeputer Science Exasinstlon?

5) what, la the relationship between a teacher's
perception o£ his/her proficiency in syntax, data 
structures and algorlthsa and his/her actual 
training?

Procedures o£ the study

The study was carried out by designing a questionnaire 
and edslnlatenng It to a small sample of high school 
Advanced Placement Computer Science teachers for 
pre-testing. The final revised questlonmare was sent to a 
sample of those who taught the Advanced Placement Computer 
Science course In 1985-66. The scores of the students 
taking the Advanced Placement Examination In 1986 were 
obtained with the cooperation of the College Board. These 
scores were used as the measure of student success on the 
Advanced Placement Examination.

Teacher proficiency was measured by asking the teachers 
to rate six multiple choice questions from the 1964 Advanced 
Placement Computer Science Examination for level of 
difficulty. All of the variables were statistically 
analyzed to determine relationships between factors. These 
Included correlations and analysis of variance between 
student success and a) years teaching, b) years teaching 
mathematics, cl ymarm teaching computing, d) textbooks used, 
e) teacher training In Pamcal aynt-ax, fl teacher training m
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data structures and gl teacher training in algorlthss. A 
factor analyala was also performed to find contributors to 
tha variance In atudant auccaas on tha Advanced Placement 
Examination.

Plan of thla report

Thla report describes the background of the Advanced 
Placement Computer Science Examination and reviews the 
revelant literature. The rationale for the iimtations of 
the atudy, the sampling procedure and the conatruction of 
the sampling instrument are described. The reaulta of the 
atudy are then discussed giving appropriate atatiatical 
evaluation. Baaed on the analysis of the data several 
conclusions and recommendations for future atudy are 
dlacuaaed.
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Chapter II 

BACKGROUND AND RELATED MATERIAL

The first Advanced Placement examinations were 
administered xn Way, 1954 and were one of the first attempts 
to bridge the educational gap between high school and 
college for high aptitude students (Chamberlain, et ai.,
1976). Currently, 24 Advanced Placement examinations are 
offered by the College Board for advanced placement m  

college.
The College Board was organized m  1900 by several 

college presidents and secondary school headmasters. The 
purposes in forming the College Board were to establish a 
single college entrance examination, to adopt a more uniform 
and demanding academic curriculum for secondary schools and 
to create lines of communication between secondary schools 
and colleges. The College Board introduced the Scholastic 
Aptitude Test (SAT! In 1926 and objective achievement tests 
in 1936. In 1947 the College Board along with the American 
Council on Education and the Carnegie Foundation for the 
Adsncement of Teaching founded the Educational Testing 
Service <ETS).

The popularity of these examinations is reflected in 
the surge of participants. In 1961 the number of schools 
giving Advanced Placement examinations xn ail subjects was
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1126, an average of 16 examinations per school. By 1976 the 
number of schools had risen to 3939, approximately 25 
students per school. Ten years later In 1986, 7201 schools
participated, 44 students per school. This represents a 
540X Increase In the number of schools giving Advanced 
Placement examinations, and a 1660* increase in the number 
of students taking them (Watt, 1933).

Like the other examinations, the numher of participants 
in the Advanced Placement Computer Science Examination, 
first administered in Hay, 1964, has risen. In an article 
In Popular Computing (Watt, 1983>, Haag, then director 
of Advanced Placment programs for the Educational Testing 
Service, estimated that between one and two thousand 
students would take the Advanced Placement Computer Science 
Examination In 19S4. Miller of Carnegie-MelIon, on the 
other hand, estimated the number would reach ten to twenty 
thousand. Miller further thought the number of students 
taking the Advanced Placement Computer Science Examination 
would eventually rival the 52,706 participants who took the 
English Advanced Placement examination in 1986.

Participation m  the Advanced Placement Computer 
Science Examination has exceeded the estimate of Haag, out 
has fallen short of Miller's. In the three years since its 
introduction the number of students taking the examination 
has almost doubled: 4262 in 1984 to 8207 in 1986, a 93*
increase.

In 1986 the computer science examination was already 
the ninth moat popular Advanced Placement examination. More
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computer science examinations were given than both art and 
music, ali language exaninatxons except Spanish, and ail 
science except biology and chemistry.

Despite the widespread popularity of the Advanced 
Placement Computer Science Examination, the introduction o± 
the computer science course was not without its problems. 
Teachers were not prepared in the traditional sense. Few 
had taken graduate or undergraduate computer science 
courses. Fewer still held a degree in computer science.
Most had majored in mathematics.

The Computer Science Advisory Task Force, established 
by the College Board, suggested that summer institutes, 
modeled after National Science Foundation institutes, be 
established to train prospective Advanced Placement teachers 
(Braswell, 19B4). For teachers without computer science 
backgrounds these institutes would provide minimum course 
preparation. Countrywide, universities and colleges like 
Teachers College, Columbia University, Carnegie-NelIon and 
others took leadership roles in designing summer workshops. 
The Task Force believed this recommendation essential to tne 
proposed Computer Science course's being well received oy 
colleges and secondary schools.

The Computer Science Development Committee (Brasweix, 
1984) addressed student backgrounds. It noted that students 
be familiar with the symbolism taught m  a second year 
algebra course and have a firm foundation in mathematical 
reasoning. Although the research on the Advanced Placement 
Computer Science programs and examinations is virtually
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nonexistent, studies by P«t«rs«n and Howe (19791 and 
Xonvalina, Stephens and Uilaaan (19831 support tha fact that 
succsss In high school a tthssatics Is an isportant factor In 
Influsncing succsss In collags cosputsr acisncs courses. No 
recoaaendations suggesting prior prograaalng experience were 
■ade by the cosalttee. The Advanced Placeaent course, 
reasoned the cosalttee, was viewed as a first year college 
course, designed to serve students eejorlng In all 
disciplines Including cosputer science.

Critical questions are posed as a result of the rapid 
I n c mmmm In the nuaber of schools giving the Advanced 
Placeaent Cosputer Science Exaalnctlon and In the numbmtr of 
students taking the exaalnatlon: Do schools have adequately
trained teachers to staff the rapidly Increasing nuaber of 
sections In coaputer science? Do teachers possess a level 
of expertise that would Insure proficient teaching and 
subsequent successful student perforaance on the 
exaalnatlon? Precisely what lapact. If any, do suaaer 
Institutes have?

Relevant literature

The body of literature dealing with the Advanced 
Placeaent Coaputer Science course Is Halted. The College 
Board has published two works dealing with the Advanced 
Placeaent Coaputer Science Course and Exaalnatlon. One, 
Advanced Placeaent Course Description Coaputer 
Science. Is a booklet distributed to all teachers of
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Advanced Placement. Computer Science. It contains the course 
outline, sample questions for both the multiple choice and 
free response parts of the examination, a commentary on the 
course description and a list of references. The references 
include lists of introductory texts, texts on Pascal and 
general reference works. The other. The Entire 1984 AP 
Computer Science Examination and Key, as a reprint of 
the 1984 examination and a summary of tne results.

Only two other articles deal with the Advanced 
Placement Computer Science Examination. One (Watt, 1983) 
deals briefly with the development of the Advanced Placement 
Computer Science Examination and some of the shortcomings of 
the test. One problem centers on the ability of the test to 
measure whether a student can write a coherent program in 
response to a problem. The other deals with a potential 
conflict between what the developers intend and wnat the 
teachers and students do. The intent of the course is to 
develop broad programming and problem solving sxills. The 
author wonders whether the students will only concentrate on 
developing solutions to the short programming proolems 
included in the teat booklet. The author also feels that 
the subject of computer science might be too young for the 
kind of standardizetion that this course will probably leaa 
to. He fears being locked into a set of rigid standards m  

a field that is rapidly expanding.
The other work (Braswell, 1984) gives a history of the 

development of the Advanced Placement Computer Science 
Examination. This includes the establisnment of a task
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forcm to exaalnc the feaaibllity of an exaalnatlon In 
coaputer* science and lta recoaaendatlona about the 
exaalnatlon. He also dlacusaea the goals of the prograa and 
the selection of the prograaalng language and Includes a 
course outline. He briefly treats teacher preparation but 
only to say that teachers should take a course In Pascal 
that stresses top-down design and aodular construction and a 
course on data structures. Braswell does say that he feels 
Dost teachers will find that pointers, linked data 
structures and tree structures will require sore tine to 
naster than can be afforded In a euaner workshop.

Chaaberlaln, Pugh and Schellhanner (1978) show that 
students who took advanced placeaent courses In high school 
perforaed better than students who did not take advanced 
placeaent courses. The aeasures used were hours coapleted 
per seaester, the proportion of junior and above level 
course hours, and grade point average. Jones <19751 
discusses the reluctance soae colleges have In accepting 
advanced placeaent scores. He also enuaerates ten 
advantages of the Advanced Placeaent Prograa and seven 
probleas In starting an Advancced Placeaent Prograa In a 
school.

In another article Jones and Valentine <19841 gives a 
history of the College Board and the Advanced Placeaent 
Natheaatlcs Exaalnatlon. He Indicates that the prograa has 
had a atlaulatlng effect on the teaching of aatheaatlca and 
has facilitated coaaunlcatlon between secondary school and 
college teachers. He hopes that the aaae effects will occur
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for th« Advanced Placeaent Coaputer Science Prograa.

Research has been conducted about tha relationship 
between teacher characteristics or teacher experience and 
student perforaance. Fagan and Ponder <19611 found that in 
low achieving schools teacher qualifications are related to 
student perforaance. There is no relationship, however, in 
high achieving schools. Brophy <19661 concludes that 
teachers sake a difference in student perforaance. Enhanced 
perforaance coaes about through claaarooa aanageaent, 
articulation of achleveaent expectations and the selection 
and design of acadeaic tasks. The background of the teacher 
is not a factor.

In two reviews of the relevant literature Ornstein 
<1963, 19641 discusses the hereditarian's thesis that 
teachers and schools contribute little to student outcoaes 
and cites several experiaents designed to support this idea. 
He also looks at the viewpoint that teachers do sake a 
difference in student outcoaes and cites several 
correlational studies to support this view. He concludes 
that the research is unclear about the teacher's role in 
atudnt perforaance. The role of teacher background is also 
unclear. Variables and interactions sake it virtually 
possible to isolate fectors. Roaenblooa <19661 reported on 
two studies conducted in Ninnesota aatheaatics classes. He 
found that aatheaatics teaching experience and aatheaatics 
courses and course grades do not differentiate between the 
aost and least effective aatheaatics teachers. He also 
found the length of tiae teachers consciously spend
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preparing lesson* doe* not differentiate between the *ost 
and least effective teachers.
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Chapter III

SURVEYING SCHOOLS OFFERING ADVANCED PLACEMENT COMPUTING

In 1986 alaoat 1,600 achoola adwi.nlat.ered the Advanced 
Placeient Coaputer Science Exaainatlon. Of these, 203 

achoola were choaen aa the aaaple population for thia study. 
Three llaltatlona were placed on the aaaple:

<1> that achoola be located in the United States,
(21 that achoola have four or aore students taking the 

1986 exaainatlon, and
<3> that one lnatructor teach the Advanced Placeaent 

aectlon(a) within the achool.

Rationale for llaltatlona

Chooaing achoola in the United States waa aerely a 
practical conaideration, one which focuaed on expediency in 
contacting the achoola by aail or phone. Of the 1575 
achoola adainiatering the exaainatlon, only 34 were located 
outaide the United Statea.

Schoola having three or fewer atudenta taking the 
exaainatlon were elialnated froa the atudy. With fiscal 
conaiderationa a priority in aany distracts, a strong 
possibility existed that achoola with relatively few 
exaainatlon participants could not offer an Advanced 
Placeaent Coaputer Science claaa. Thia proved correct. The
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Advanced Placement Pro gram School Llat, complied toy The 
College Board, registered approximately SOU achoola with 
four or fewer examlneea. Twenty-four schools, randomly 
selected, were contacted toy phone. The six achoola having 
four examlneea offered a claas, tout aa the number o£ 
examlneea declined, the number of achoola o £ £ e r m g  Advanced 
Placement Computer Science proportionally declined.

The focua o£ thia atudy la to compare teacher 
background with atudent performance. Since The College 
Board, which provided the data, malntalna atudent acorea toy 
achool, not toy Individual teacher, the population waa 
reatrlcted to achoola m  which one inatructor taught all 
courae aectlona.

How waa It determined that one inatructor taught the 
courae? Twenty achoola, where 11 or more atudenta took the 
exam, were randomly aelected. In the telephone aurvey that 
followed, no reliable Information could toe obtained from 
three achoola. One achool with 43 exssineea reported two 
lnatructora. The remaining 16 achoola reported one 
Inatructor. It waa reaaonatole to conclude that few, if any, 
of the 203 aaaple achoola would have more than one 
Inatructor.

The aampllnq procedure

Ualng the Advanced Placement Program School Llat, thia 
aaaple waa atratlflad —  with aoae modification —  toy the 
number of examlneea In each achool. Very few achoola, 21 an
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all, had 21 to 45 atudanta taking tha examination. So that 
a disproportionate number o£ achoola were not clustered in 
the highest ranges, these were regrouped: 45-40, 39-35,
34-30, 29-25 and 24-21. With this modification, the 203 
sample schools closely reflect the distribution of the 
schools In the United States and the number of schools with 
four or more examinees. (See Appendix A.J

The schools were selected using a table of random 
digits from The Standard Mathematics Tables (Selby,
19751. The College Board codes each achool by a six digit 
number. The last three digits In the table of random 
numbers were compared with the last three digits of the 
school code. When s match appeared, the school was selected 
for the study.

The only exception to the selection process occurred m  

the 45-40 range. The randomly matched school with its 43 
examinees was eliminated. It was the same school, 
previously mentioned In the limitations section, reporting 
two Instructors. In Its place the remaining achool in the 
45-40 range was chosen. This school was also contacted in 
the preliminary survey. Despite its 45 examinees, it had 
one Instructor.

The survey Instruments: preliminary draft

Initially 33 questions were developed (see Appendix B J . 
Several readers. Including Braswell of The Educational 
Testing Service, reviewed the questionnaire.
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Braswell suggested sose changes:
<11 that, as many sultlple choice responses as possible 

replace free responses,
<21 that questions 11 and IS be ellalnated because 

accurate information would be difficult to estimate; that 
questions 27, 28 and 31 be ellalnated because of irrelevancy 
and redundancy,

<31 that questions better representing algorxthas, 
data structures and Pascal prograaamg syntax be selected 
for question 18. Two problems for each topic were chosen 
from The Entire 1984 Advanced Placeaent Coaputer 
Science Exaainatlon and Key <19861. Algorithm questions 
16b and e in the questionnaire are nuabers 13 and 40 on the 
1984 exaainatlon. Data structures questions 16a and d are 
nuabers 3 and 36. Pascal Mynt.ax questions 16c and f are 
nuabers 2 and 41.

A revised questionnaire was sent to three members of 
the Advanced Placeaent Coaputer Science Committee and 
fourteen readers of the Advanced Placeaent Coaputer Science 
Examination. They were asked to fill in the questionnaire, 
to estimate the completion time and to offer comments and 
suggestions.

Fourteen responded. As a result four significant 
changes were aade.

<11 Question 1, originally “Are you currently teaching 
the Advanced Placeaent Coaputer Science course?'*, was 
revised to read "Did eLnyonm, beside youself, teach the 
Advanced Placeaent Coaputer Science courae at your school in
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1985-86?'*. In response bo the original question one reader 
wrote that he waa currently teaching the course, hut that 
another teacher had taught it the previous year. The 
original question had not accounted for thia possibility and 
was revised to keep the aaaple as uncontaalnated as 
possible.

(2) Question 8 was reworked to read “How closely do
you cover the Advanced Placeaent Coaputer Science 
Syllabus?". The original question did not account lor a 
teacher's covering the entire syllabus, but not following 
its sequencing.

Three readers aentloned they taught in private 
schools. Thia option was added to the achool descriptors in
question 4.

<4> Soae readers found question 7, “How auch time do
you spend preparing for the course?", confusing. Did the
question refer to the '86-'87 school year? Did it refer to 
the previous /ear, the apparent focus of the study? To 
clarify “during 1985-86“ was added.

A final question was added after serendipidoualy coaing 
across a study done by Johns Hopkins Universaty 
(“Instructional Uses," 19861. It found that 47* of the 
instructors teaching high ability students own their own 
coaputers. Would the Johns Hopkins finding be corroborated 
in this study?
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Tha «urv«v lnatrumnta: final vanlon

The 29 qu««tions in tha quaationnaira wara daaignad to 
elicit Information about tha taachora, tha atudanta and tha 
computer acianca couraaa. Quaation 1, "Did anyone, beaidea 
youraelf, taach tha Advanced Placement Computer Science 
courae at your achool?", aerved aa a check to preaerve the 
Integrity of the atudy. Should a reapondent anawer yea, the 
queationnaire would be diacarded. A copy of the 
queationnaire la Included in Appendix C.

Teacher-related aueationa

Queationa 23, 6, 26, and 29 focua on the teacher'a 
experience: how long the teacher haa taught, how long a/he
haa taught in the current achool, how long haa the teacher 
taught computing, how long haa the teacher taught Advanced 
Placement Computer Science.

Queationa 23 and 24 probe the teacher'a 
computer-related buaineaa experience, if any.

Queationa Id, 19, 20 and 21 elicit traditional 
information about the teacher'a degree(a), undergraduate 
major and minor<a), and formal graduate work.

Queation 27 aaka for a H a t i n g  of computer aclence 
couraea taken by non-aajora. Queation 22 aaka all teachera, 
majora or not, how recent the laat formal computing courae 
waa taken. Queation 14 probea aummer workahop atudy.

Queation 13 elicita detailed information about the 
teacher'a acceaament of hia/her proficiency m  at leaat
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seven coiput«r language* and fourteen topic* In computing.
The teacher was also asked to Indicate whether these topics 
were learned through summer workshops, self atudy. or a 
formal courae.

Question 17 focuses on the affective domain: How
comfortable Is the instructor teaching the advanced 
placeaent courae? Question 7, on the other hand, focuses on 
effort and planning: How much time is spent preparing for
class? Question 29 asks if the teacher owns a computer.

Question 16 with subparts a through e presents six 
multiple choice queationa. These questions Involve 
algorithms, data structures and the Pascal programming 
syntax. The teacher Is asked to estimate how easy or how 
difficult the students would find the problem.

Student-related questions

Question 4 focuses on students fro* a sociological 
perspective: are the students from a rural, urban, suduroan
environment? Do they attend private or public achool?

Question 10 asks class size. Question 11 inquires 
about prerequlsltea for the Advanced Placement students.

Questions 3 and 5 concentrate on computer 
acceaalbllity: What Is the ratio of coaputer to student?
Approximately what percentage of students had access to a 
computer outside class?
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Course-related Questions

Question 9 asks the number of semesters the courae 
runs. Question 13 asks for a listing of primary texts. 
Question 2 Inquires about the klnd(a> of computer used to 
teach the courae.

Question 12 asks whether the "Karel the Robot" program 
Is used as a teaching aid.

Question 8 focuses upon how closely the instructor 
follows Che Advanced Placement Computer syllabus.

Conducting the survey

The final revision of the questionnaire (see Appendix 
O  was mailed March 15. 1987 to the 203 schools. The 
mailing included a cover letter explaining the purpose of 
the study. It was not Indicated that the study was part of 
a doctoral dissertation <Berdie and Anderson. 19741.

The questionnaires and their corresponding return 
envelopes were labeled with the school's code, a number 
designated by The Educational Testing Service. Also 
included was the number of students participating In tha 
1986 examination from that achool. The coding would 
facilitate recording the returns and preparing a second 
mailing, if nmcmmmmtry.

Special directions were included for cases in which th« 
person teaching the '85-'86 course were no longer employed 
by the school.

March 25. 1987 was the target date for returning
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questionnaires. As of April 11, 109 schools had responded. 
Immediately a second questionnaire was sent to schools that 
had not responded. A new cover letter was Included with a 
suggested return date of April 21. (See Appendix D.> An 
additional 34 questionnaires were received, bringing the 
total to 149 or 73.4k of the original mailing.

Of the 149 returned questionnaires 29 were un-usabie:
16 were discarded because the teacher who taught the '65-'66 
caurmm was no longed employed by the school; the other 13 
were eliminated because more students tooX the examxnation 
than those who took the courae.

This left 120 schools in the atudy, 59.1k of the 
original mailing.

Further follow-up

A letter and a return postcard. Appendix E, were sent 
to the fourteen schools which reported using textbooks not 
found In Books In Print. The schools were asked to 
supply full title, authorial, copyright and publisher.
Eleven schools answered, leaving one of the original five 
books unaccounted for: A.P. Review by Schuiaan, et 
al. Two schools used this title.

btudent scores

Student scores from the 1966 Advanced Placement 
Computer Science Examination were obtained from The College 
Board. The College Board reports atudent scores from each
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school by dist.rlbut.ion and asan. For this study asan scorss 
wars ussd. It was fait that ths asan scors for aach school 
would ba a battar Indicator of taachar iapact on studant 
parforaanca than individual scoras would ba. Tha aasns 
would tand to saooth out any axtraaa scoras in tha class.
Of spaclsl concarn wars tha "coaputar hackars" in tha class 
whosa scoras alght not raflact as auch taschar influanca as 
thaosa of othar studants.
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Chapter IV 

RESULTS OF THE STUDY AND INTERPRETATION

Paaraon correlation coefficients were coeputed that 
coaparad tha sean scores of tha students with other 
variables. Oneway analyses of variance, using tha Tukay-b 
aultipla coaparison test, ware also parforaad. A factor 
analysis was parforaad using tha variaax rotation and Kaiser 
noraalization eethods.

Tha rasults in this saction hava not bean not groupad 
in tha ordar tha quastiona appaar in tha questionnaire.
Thay hava baan organized according to tha inforsation they 
offer: taachar-ralatad, studant-ralatad and coursa-ralatad
questions.

Taachar-ralatad questions

Question 25* How aany yaars hava you baan taaching 
(not including 1906-87? Although tha teachers wars 
seasoned-- 45k taught twanty or aora yaars and 76.6k tan or 
■ore-- clasaroos exparienca showad no ralation to studant 
scoras <£ * .0565, f» » .5240, F<5,1141 » 0.5064, 
g, * .76941 .
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Table 1
Teacher Experience

Years Reaoondenta Student Scores
teaching Number Percen t Mean Variance

26-37 6 6.6 2.87 0.321

21-22 io 8.3 2.86 0.833
16-20 36 30.0 3.11 0.979

11-15 36 31 .7 3.14 O • 636
6-10 16 13.3 2.91 1 . 375

1- 5 12 10.0 2.78 0.818

Total 120

M 14.78

SD 6.692

Question 26: How many years have you been teaching
computing (not including 1966-67? Experience teaching 
computing had a marginal effect on atudent acorea. The 
correlation waa poaitive, though not aigmficant <r = 
.1677, p. » .06701. The analyaia of variance ahowed 
significant differences, K(3,116) = 3.2602, jo =
.0241, though no two groupa ahowed significant differences 
at the .05 level. See Table 2.

Queation 26: How many years have you taught the
Advanced Placement Computer Science courae (not including
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1986-87? The relationship between experience teaching the 
Advanced Placement Computer Science course and student 
scores also was not significant <r 3 .0807, p =
.3810, F <2,117> « 0.9603, p. - .3858). See Table 3.
Table 2
Experience Teaching Computing

Years teaching Resoonden ta Student Scores
computing Number Percent Mean Variance

16-20 5 4.1 2.44 2.220
11-15 20 16.7 3.36 0.430

0H14 36 30.0 3.23 0.679
1- 5 59 49.2 2.83 0.875
Total 120
M 7.10
SD 4.603

Question 6: How many ym&tra have you been in the achool
where you are teaching the Advanced Placement Computer 
Science course? Of those teaching the Advanced Placement 
Computer Science course 4SK have been teaching in their 
current achoola for 10 years or more. Others, 72.5V, had 
been employed for six or more years. Again, however, the 
correlation waa not significant <r » .0949, p 3 
.30301. The mean waa 4.00, the atandard deviation 1.145.
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Tabla 3
ExpTl»nct Taachlog APC3

Yaara baaching Raspondanbs Sbudanb Scoraa
A PCS Nuabar Parcanb Naan Varlanca

1 32 26.7 2.64 1 .144
2 42 35.0 3.13 0.652
3
Tobal 
&  2.12 
3D 0.601

46 36.3 
120

3.05 0.769

Quaablon 23: Hava you had
conpufc«r «xpari«nca (programcr, myatarna analyab, «tc.>? 
Buslnu*-r*l«t«d axparlanca waa raporbad by 44, or 36.7X, 
ratpondanfcc wlbh a aaan of 4.Id yaara, a standard daviation 
of 3.532. Exparianca rangad froa ona half yaar bo 20 yaara 
No algnlflcanb corralabion waa found babwaan 
bualnaaa-ralabad axparlanca and abudanb acoraa <£, *
.1364, E. * .1320, F < 10,1091 - 0.8056, £ - 
.62371.

Quasbion 24: If you anavarad yam bo Quasbion 23, how
auch haa bhla halpad you In baachlng bha Advancad Placamant 
Coapubar Scianca couraa? Subjacba wlbh coapubar-ralabad 
bualnaaa axparlanca wara aakad bo judga how halpful bhab
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experience was in teaching the Advacned Placeaent course. 
Although 42.2* felt their experience "aonewhat11 helpful, and 
18.2* "very" helpful, no significant correlation was found 
between the response to thia question and student scores 
<r - .1755, p - .255, F<3,33) = 1.1967, p. =
.3150).

Question Id: Highest degree you attained. A
significant correlation, r * .2696, p 3 .003, was 
found to exist between the teacher'a highest degree and 
student scores. Analysis of variance ahowed differences 
between the groups, F(3,401 = 3.3469, p 3 .0284.
Student scores of teachers who had a floaters degree plus 15 
graduate credits <M • 3.421 differed <p < .051 from 
those whose teachers had a bachelors degree plus 15 graduate 
credits <H. * 2.121 and those with a bachelors degree 
plus 30 credits <M 3 2.221. See Table 4.

Question 19: What waa your major field in college (if 
'education', list the area of education in which you 
specialized, if anyl? Majors are listed for 120 
respondents, four of whom hold double majors. See Table S.

College major, or the area of masters work for that 
matter, did not prove to be related to atudent performance 
on the Advanced Placement Examination. Analysis of variance 
ahowed no significant differences between groups,
F<4,1151 3 0.3217, p 3 .8630. For those with a
masters degree, onalyalm ahowed no significant differences
between groups, F(5,931 3 0.5017, p 3 .7345.
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Table 4

DlatrlbutIon o£ Deqraaa

Highest Respondents Student Scores
degree Nuaber Percent Mean Variance

BA 7 5.8 2.57 0.994
BA-*- 15 6 5.0 2.12 0.798
BA+ 30 9 7.5 2.22 0.662
Masters 22 16.3 3.16 0.955
Masters-*' 15 20 16.7 3.42 0.411
Masters* 30 52 43.3 3.11 0.755
Doctorate 4 3.3 3.13 0.449

Table 5
Distribution of Bachelors Degrees

Major area Respondents Student Scores
Number Percent Mean Variance

Mathesatlcs 61 65*3 3.01 0.650
Science 23 18.6 2.79 0.794
English/
foreign lang. 6 4.6 2.66 1.324
Social studies 2 1.6 2.56 1.728
Other 12 9.7 3.08 1.120
Total 124
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Question 20: What, was your Minor field in college (if
'education', list the area of education in which you 
specialized , if any)? College Minors, reported by 98 
respondents, represented alMoat every discipline offered by 

traditional colleges. There turned out to be a problem as 
to what constitutes a Minor. Several schools offer no Minor 

and in the colleges that do the nuMber of credits required 
in a field to be called a Minor differ widely. Because of 
this and the diversity of responses no statistical analyaxa 

was perforMed on these data.

Question 21: If you have a Mastera degree (or higher)
what was your Major field (if 'education', list the area in 
which you specialized, if any)? A total of 99 respondents 
had Masters degrees. Of these, four have two masters 
degrees each. Four respondents held doctorates, one each, 
in philosophy, matheMatlca, Mathematics education and 
coaputer science. See Table 6 for a last of concentrationa 
at the Masters level.
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Tabic 6
Diabribubion of Haatara Degrees

Major area ResDondenbs Sbudenb Scores
Nusber Percenb Mean Variance

Cospuber 11 11.1 3.20 0.714
Mabhesabics 57 57.6 3.27 0.411
Science 11 11.1 2.77 0.587
English/
foreign lang 2 2.0 2.56 2.820
Social sbudies 1 1 .O 3.88 O
Obher 17 17.2 3.13 1.111
Tobal 99

Question 27: If you do nob hsvs a degree in cosputer
science, how sany cosputer progressing or cosputer science 
courses have you token? Lisb thes. The nineby-bhree 
beschers who responded, all cospuber science non-sajora, 
book as few as one cospuber science course or as sany as 14 
wibh a soda of 2. <ij_ * 4.804, SD * 2.7861.

The correlabion bebween bhe nusber of cospuber courses 
baken by non-sajors and sbudenb scores was nob significanb, 
r = .0405, p, * .689. Even when bhe nusber of 
courses was regrouped inbo 1-4 courses and 5 or sore, 
analysis of variance showed no significanb differences 
bebween groups, F<1,941 = 0.1252, p. = .7243.
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Question 22: How long ago waa the iast computer
programming or computer science courae? The results show 
that 70 respondents, approximately 58X, have taken a 
computer science course within two yeara of the 1934-65 
Advanced Placement Examination. See Table 7.

Table 7
Years Since Last Computer Courae

Time since 
last courae

Respondents Student Scores
Number Percent Mean Variance

None taken 3 2.5 3.35 0.597
Within 0.5 yr. 20 16.7 2.76 0.661
Within 1 yr. 15 12.5 3.21 O . 763
Within 1.5 yra 15 12.5 3.17 0.621
Within 2 yra. 20 16.7 2.92 1.176
2 yearst 46 38.3 3.09 0.847
No reply 1 0.6
Total 120

The 3 respondents who have not taken any computer 
science courses have a bachelors degree in mathematics.
They also hold advanced degrees: one a masters in
mathematics, one a doctorate in mathematics education, and 
one a doctorate in philosophy. Analysis of variance ahowed
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no signifleant, differancea between any groups, F<5,113>
* 0.7026, g, ■ .6226.

Question 24: How sany summer workshops dealing with
the Advanced Placeaent Coaputer Science course have you 
attended? List where and when you attended. There was a 
wide range in the number of workshops teachers attended.
See Table 8. Almost 60* reported attending no workshop, and 
33* attended one. Less than 10* attended more than one 
summer workshop. See Appendix F for a complete listing of 
the summer workshops.

For the analyais three categories were used: no 
workshops, one workshop and two or more workshops. There
was no significant relationship between the number of summer
workshops teachers attended and student scores, r »
**.0691, £  ■ .45S) . An analysis of variance was
performed and showed no differences between groups,
F<3,127> - 0.5937, £ = .6202.
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Table 8
Background in Summer Workahopa

Number of Respondents Student Scores
workahopa Number Percent Mean Variance

None 71 59.2 - -
1 3B 31 .7 2.95 0.768
2 9 7.5 2.94 0.592
3 1 0.8 3.87 O
4 0 O - -
S
Total 
M 0.54 
SD 0.790

1
120

o.a 2.25 O

Question 15: Rate /our proficiency in the following
languages and topics and indicate how you learned each.
This question focused upon the respondent's subjective 
evaluation of his/her expertise in computer languages and in 
selected computer topics, such as local and global 
identifiers, parameters, recursion and others. Each 
respondent rated his/her level of proficiency on a scale 
from 1 to 4, with 1 indicating no proficiency. See Table 9.

Although teachers evaluated their expertise m  many 
coaputer languages, the teacher's self-rating of Pascal 
alone correlated significantly with atudent parfotrmance,
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r = .2638, e. a *004. Analysis of variance ahowed a 
difference between groups, F<2,115) - 4.7498, £ *
.0105). Student, acoraa of teachera who rated theaaelvea 
<M * 2.79) and 4 (M * 3.19) in Paacai differed 
aignificantly (g, < .05). Each reapondent alao rated 
what they perceived aa their proficiency in BASIC. See 
Table 10.

Table 9
Teacher'a Self-Rating in Paacai

Prof iciency Reaoondents Student Scorea
in Paacai Nusber Percent Mean Variance

No reply 2 1.7 - -
1-none O O - -
2-fair 5 4.2 2.23 0.560
3-good 41 34.2 2.79 0.902
4-excellent 
Total 
N 3.58 
SD 0.56S

72
120

60.0 3.19 0.733

The average rating for BASIC waa alightly higher than for 
the Paacai, though one peraon conaidered hinaelf to have 
proficiency in BASIC. The aelf-rating in BASIC, however.
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showed no relation to student scores, r * -.0141, a 
a.8790. Analysis of variance also showed no significant 
differences, £0,114) = 0.2982, a * .8281J.

Table 10

Teacher'a Self-Rating in BASIC

Prof iciency Respondents Student Scores
in BASIC Number Percent Mean Variance

No reply 2 1.7 - -
1-none 1 0.8 3.71 O
2-fair 6 5.0 2.82 0.783
3-good 29 24.2 3.05 0.892
4-excellent 
Total 
M 3.63 
SD 0.624

82
120

68.3 3.01 0.841

Responses to a working knowledge of the other languages 
were so varied that no statistical analyaia was performed; 
however, the number of languages teachers understood 
correlated significantly with the performance of the 
students on the Advanced Placement Examination, r »
.2850, a  * .004. Analysis of variance showed a 
difference, F<8,HO) = 2.3013, p * .0255, though no



www.manaraa.com

two groups were different at the .05 level. See Table 1

Table 11

Number of Languages Understood bv Teachers

Nusber of ResDondenta Student Scores
languages Nusber Percent Mean Variance

no reply 1 0.8 - -

1 1 0.8 4.25 O
2 io 8.8 2.38 0.760
3 38 31.7 2.80 0.841
4 21 17.5 3.29 0.629
5 28 23.3 2.98 0.921
6 IO 8.8 3.38 0.927
7 3 2.5 3.78 0.001
8 7 5.8 3.42 0.221
9

Total 
M 4.24 

SD 0.790

1
120

0.8 4.00 O

How did teachers learn cosputer languages? Most 
teachers reported their learning was a result of college 
coursework, susser workshops, self atudy or classroom 
teaching. See Table 12.
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Table 12

How Teachera Learned Paacai and BASIC

Paacai BASIC
No. of 
subjects

X of 
subjects

No. of 
subjects

X of 
subjects

No reply 2 1.7 4 3.3
a 38 31.7 27 22.5
b 3 2.5 1 0.8
c 28 23.3 70 58.3
d 2 1.7 - -
ab 6 5.0 - -
ac 7 5.8 13 10.8
ad 4 3.3 - -

be 4 3.3 - -

bd 1 0.8 - -

cd 5 4.2 - -

Note: a'College courae b*>Susser AP workahop
c«Self taught. d»Teaching AP courae

Approxlaately 17* of those who learned Paacai and 3X of 
thoae who learned BASIC reported learning fro* tha three or 
four aourcea Mentioned above; ao*e indicated other aources, 
auch aa tutoring by a colleague or having learned In hagh
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school. Because of these variations, statistical data 
focused upon those responses which indicated priaary and 
secondary sourcea only. See Table 12.

The results ahowed that 45.8X learned Paacal primarily 
from college couraea, 36.7X considered theaaelvea 
self-taught and lOX learned through their own teaching.
Thla compares with reaulta found by the National Asaessment 
of Educational Progreaa atudy (Martinez and Mead, 1988!:
45X of eleventh grade coordinators Indicated they received 
aoat of their coaputer aciencs training from college 
couraea; Six were self taught and 1.8X learned by teaching.
In contrast, however, were the BASIC respondents, 33.SX who 
learned froa college couraea and 69.2X who were self-taught.

The reapondenta also rated theaaelvea on their 
proficiency In 14 topics taken froa the Advanced Placeaent 
Coaputer Science ayllabua. Each topic waa rated froa 1 (no 
proficiency! to 4 (excellent! by the respondents, then 
auamed to produce a total score. The hlgheat possible score 
waa 56. See Table 13. There waa a significant positive 
correlation between thla acore and student acores, r “
.2590, £ « .004. For the anetlymla of variance teacher 
ratings were grouped: 1* leaa than 30, 2* 31-40, 3®
41-45, 4* 46-50, 5« 51-56. Anulymlm of variance showed a 
difference between groups, F(5,113! ® 2.5013, p. =
.0346. The groups whose teachers rated theaaelvea 31-40 
(M * 2.56! and 51-56 (M ® 3.35! were significantly 
different (& < .05!.
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Table 13

Teacher * a Self-Rating In 14 Coaputer Science Toplca

Hating In Respondents Student Scores
Pascal topics Number Percent /lean Variance

No reply 1 0.8 - -
Less than 30 2 1.7 2.40 0.650
31-40 22 16.3 2.56 0.928
41-45 20 16.7 3.05 0.773
46-50 31 25.6 3.09 0.978
51-55 34 28.3 3.35 0.633
56 io 8.3 3.79 0.586
Total 120
M 47. 04
SD 6. 711

Question 17: How comfortable are you teaching the
Advanced Placement Computer Science courae? The teachers 
were asked to give a subjective rating of how comfortable 
they felt teaching the Advanced Placement Courae. See Table
14.

There waa a significant correlation between thaa rating 
and student scores, r * .2667, p. • .003. Analysis 
of variance showed a difference between groups, F<2,117>
= 4.6449, p  * .0095. The scores of the students whose
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t e a c h e r s  felt “only a little coMfortable” , M * 2.34, and 
those whose teachers felt “very coafortable", M « 3.20, 
differed algniflcantly (g. < .05>.

Table 14
Goafort Level Teaching APCS

Goafort 
level

Respondents Student Scores
Nuaber Percent Mean Variance

a O O - -

b 11 9.2 2.34 0.645
c 44 36.7 2.93 0.641
d 65 54.2 3.20 0.736

Note a Not at all b Only a little coafortable
c Only a little uncoafortable 
d Very coafortable

Significant correlations existed between the teacher' 
coafort level and

--the nuaber of years teaching the Advanced 
Placeaent course, r * .3613, p, » O,

--the teacher's rating of his/her proficiency 
in Pascal, r * .5345, E L  * O,

--the teacher's rating of his/her proficiency 
in the 14 topics, r » .5022, p * O,

--the nuaber of prograaaing languages Known,
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r “ .4169, g_ - O .

Quaation 7 i How Much preparation tine did you spend 
(per week) during 1985-86 on the Advanced Placement Computer 
Science courae? Preparation time apent on the Advanced 
Placement Courae each did not correlate with student acorea 
(r * .0409, qj* .6580). Analyaia of variance showed 
no significant differences between the acorea of students 
grouped by the amount of preparation time spent by the 
teachers, FO,116) * 0.0641, p • .9787. See Table
15.
Table 15
Teacher Preparation Time Per U)eek

Hours Resoondents Student Scores
Number Percent Mean Variance

Less than 5 27 22.5 2.96 0.938
6-10 65 54.2 3.03 0.721
11-15 15 12.5 3.05 0.747
Nora than 16 13 10.8 3.08 1.513
Total 120

Question 29: Do you own your own computer? Did the
teacher's owning a coaputer affect student scores? In this 
study it was found that 88 of the respondents, or 73x, owned 
their own computer. There was, however, no relation between
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the teacher's owning a coaputer and student, scores, r *
.0064, a  * .9440, F(l,118) * 0.0049, p * .9443.

A Johns Hopkins University study <“Instructional 
Uses...", 1986) showed that 47k of people teachxng high 
ability classes own their own coaputera. The NAEP study 
(Martinez and Mead, 1988) found that 73.5k of eleventh grade 
coaputer coordinators owned a coaputer or had access to one 
outside the classrooa.

Question 16: Six questions froa the aultlple choice
portion of the 1984 Examination were presented. The 
teachers were asked to rate the level of difficulty of each 
question as It would be perceived by their students. The 
rating scale ranged froa 1 (very easy) to 4 (very 
difficult). See Table 16.
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Table 16

Teacher Rating of QuaatXon Difficulty

Cues- Teacher ratlng/dlfflculty level
tion

1 X 2 X 3 X 4 X

a 51 42.5 50 41 .7 16 13.3 3 2.5
b 17 14.2 45 37.5 49 40.8 9 7.5

c 50 41 .7 53 44.2 15 12.5 2 1.7

d 4 3.3 36 31.7 42 35.0 36 30.0

e 9 7.5 43 35.6 50 41.7 16 15.0

f 34 26.3 34 28.3 35 29.2 17 14.2

These ratings were used to determine the level of 
difficulty for each question, from the easiest to most 
difficult. Each level of difficulty waa multiplied by the 
number of teachers who grave it that evaluation. These 
products were added, and the sum divided by the number of 
reapondents.

The following is the result of that computation, 
presented in increasing level of difficulty:

Question c, 1.74 weighted average
Question a, 1.76 weighted average
Question f, 2.29 weighted average
Question b, 2.32 weighted average
Question a, 2.65 weighted average
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Question d, 2.93 weighted average.
The level of difficulty as perceived by students was 

deternined by the percentage of correct responses by all 
students participating in the 1984 Advanced Placement 
Coaputer Science Examination.

The following is the result, presented in increasing 
level of difficulty:

Question e, 93V correct response
Question a, 56V correct response
Question b, 50V correct response
Question a, 38V correct response
Question d, 30V correct response
Question f , 14V correct response.
Based on teacher perception and student performance, it 

was concluded that teachers could judge, with a fair degree 
of accuracy, the difficulty level of questions on the 
Advanced Placement Examination. It was hypothesized that a 
teacher's ability and understanding of the complexities of 
the computer science field would correlate with student 
performance. To test this hypothesis a correlation waa made 
between the teacher's estimate of the degree of difficulty 
of the six 1984 Advanced Placement Computer Science 
Examination questions and the average score of the teacher's 
class on the 1986 Advanced Placement Computer Scxence 
Examination. Significant correlations were found, except 
for question e. A more detailed analysis follows.

In question a (data structures) the correlation between 
teacher rating and student scores was significant (r -
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-.3129, g. = .OOl). Analyaia of variance showed a 
significant difference between groups, FO,II6> =
5.8676), 2 * .0009. The student scores of teachers who 
rated the question as 3 (difficult) (ft = 2.29) and those 
who rated it as 1 (very easy) (M. - 3.31) or 2 (easy)
(M = 2.96) differed signlfleantly (p < .05).

Question b (algorithms) showed a significant 
correlation, r * -.1792 2 a -050, with student 
scores. Analysis of variance showed no significant 
differences between the groups.

Question c (Pascal) showed a significant correlation 
between teacher rating and student scores (r = -.2117,
2 = .020). Analysis of variance showed differences 
between the groups, K(3,116) = 3.2578, 2 = .0242.
The student scores of teachers who rated the question 4 
(very difficult) (M ■ 1.27) differed significantiy 
(2 < -05) froa the other three groups: 3 (difficult)
(ft. * 2.84), 2 (easy) (H * 3.00) and 1 (very easy)
(M - 3.17).

Question d (data structures) showed a significant a 
correlation of between-teacher rating and student acoroa 
(r = -.2296, 2 * .012). Analysis of variance showed 
differences between the groups, F(3,116) * 3.1356, 2 
* .0282. The student scores of teachers who rated the 
question 4 (very difficult) (ft. “ 2.67) differed froa 
those rating it 3 (difficult) (ft * 3.17) at the .05 
level.

Question e (algorithaa) did not correlate significantiy
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with student scores <r * .0064, g * .927).

Question £ (Pascal) reveeied a significant correlation 
between teacher rating and student acores <r = .2705,
B. * .003). Analysis of variance revealed significant, 
differences between th« groups, £.(3,116) » 3.3013, g.
* *0229. Tha student scores of teachers who ratsd the 
question 1 (vary aasy) (N * 2.76) dlffarad (p < .05) 
froa thosa rating it 4 (vary difficult) (M - 3.55).

Student-related questions.

Ouastion 4: In what typa of school do you teach? This
question attasptad to focus upon tha kind of school bast 
raprasanting tha aaspla. Five choices wara offarad: urban,
suburban, rural, privata and public. This question would 
hava baan battar posed in two itaas: ona which asked 
raspondants to indicata urban, suburban or rural, tha othar 
to indicata public or privata. Most raspondants chackad two 
catagorias, a faw ona.

Tabla 17 lists tha rasults of tha raspondants who 
chackad tha typa of school and its sactor. Tabla 18 
raprasants data fros thosa raspondants who chackad a single 
category.

Ignoring tha public/privata classification of schools 
produced tha rasults in Table 19. What was significant, 
despite tha flaw in this quastion, was that tha analysis of 
vmtrlancm showed no differences between scores whan schools 
wara grouped as rural, urban and suburban, F (2,82) »
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Table 17
Type of School: Both Qptxona Checked

School type Respondenta Student Scorea
Nuaber* Percent Mean Variance

Rura1 pr1vate 
Rural public 
Suburban/ 
p n  vate 
Suburban/ 
publlc
Urban private 
Urban public

3 2.5
4 3.3

3 2.5

33 27.5
7 5.8
7 5.8

3.36 1.830
3.13 1.188

4.33 0.583

3.19 0.709
2.93 0.674
2.56 1.091
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Table 18

Type of School: One Option Checked

School type Reanondents Student Scores
Number Percent Mean Variance

Rural 4 3.3 2.00 1 .301
Suburban 19 15.8 3.12 0.71>2
Urban 5 4.2 2.70 0.235

Private 16 13.3 2. 93 1 .041
Public 19 15.8 2.99 0.739

Table 19
Type of School: Rural . Suburban or Urban

School type Respondents Student Scores
Number Percent Mean Variance

All rural 11 9.2 2.78 1 .504
All suburban 55 45.8 3.21 0.721
All urban 19 15.8 2.76 0.667
No response 35 29.2 —
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Ignoring the rural/urban/suburban classification 

produced the results In Table 20.

Table 20
Type of School: Public or Private

School type Respondents Student Scores
Number Percen t Mean Variance

All private 29 24.2 3.09 0.969
All public 63 52.5 3.06 0.784
No response 28 23.3 — -

Analyal s of var * .ice also showed no dlfference
the scores when the schools were grouped as public or 
private, F<1,90> 3 0.0202, p. * .0874.

Question 10: What was /our total number of students in
Advanced Placement Coaputer Science during 1985-86? No 
significant correlation existed between the number of 
students enrolled In the Advanced Placement Computer Science 
course and student scores, r » -.0833, p. = .3770.
(It Is not known whether schools with higher enrollments had 
more than one section.! Students in schools with a large 
courae enrollment performed as well as those with smaller 
enrollments. Analysis of variance showed no differences 
between groups, F<26,93> * 1.5995, p, = .0525.
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When the schools were regrouped according to the number 

of atudenta per achool <31-35, 26-30, 21-25, 16-20, 11-15,
6-10, and 4-5>, another anal/ala o£ variance waa completed. 
No aignlficant differencea were found between tne student 
acorea ualng thla grouping, F<6,113> » 0.5932, g. =
.7352. See Table 21.

Table 21
APCS Enrollment

Studenta per ReaDondenta Student Scorea
achool Nuaber Percent Mean Variance

31-35 2 1.7 3.20 0.756
26-30 a 6.7 2.57 0.700
21-25 io 6.3 3.06 1.021
16-20 21 17.5 3.05 0.917
11-15 31 25.6 3.11 0.736
6-10 36 31.7 2.94 0.641
4-5 

Total 
M 14.12 
SD 7.122.

IO
120

6.3 3.31 1.091

Question 11: What are your math prerequiaitea for
atudenta entering your Advanced Placement Computer Science 
courae? Although 6 achoola, or 5x, listed programming aa
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fcheir only prerequisite, IS schools, or 15*, Indicated that 
they uaed prograssing as one of the prerequisites for the 
courae. Seven achoola, 5.S3*, Indicated apeclal 
requireaenta, auch aa department pernlsaion, and one of 
theae Indicated three yeara of regenta mathematics. Table 
22 H a t e  the frequencies of the prerequisites reported.

When all 17 of theae combinations of prerequisites were 
subjected to an analysis of variance, a significant 
difference, F<16,103) = 2.5145, jo = .0027, was found 
between those for whom programming only <M_ = 3.9847) was 
uaed aa a prerequisite and those for whom Algebra 12 and 
geometry <M * 1.81) were uaed aa a prerequisite. These 
two groups differed at the .05 level.

Several prerequlsitea were combined, baaed on the 
assumption that the more common sequence of mathematics 
couraea waa Algebra 1, geometry, and Algebra 21. A new 
grouping waa made uaing the moat advanced course as the 
criterion for classification. If programming were indicated 
with other prerequisites, it waa disregarded. If it were 
the only prerequialte, it waa placed m  a category. T m a ,  
then, produced five groups: Algebra I, geometry. Algebra
21, pre-calculus, programming. Another two groups were 
added: a group for no prerequialtea and a general “other" 
category. This waa done ao that all student acorea were 
Included in the statistical analysis. Analyaia of variance 
showed no differences between theae categories, F<6,113)
» 0.1621, e. » .9612.
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Table 22

Prerequialtea for the Advanced Placement Courae

Prerequialtea Nuaber of
reapondenta

Percent of 
reapondenta

None 14 11.7
Algebra I 11 9.2
Algebra II 26 21 .7
Geoaetr/ 3 2. b
Pre-Calculua 7 5.6
Programming 6 5.0
Algebra I/II/Geoaetry 
Algebra 1/11/

20 16.7

Geoaetry/Pra-Calculua 4 
Pre-Calculua/Calculus/

3.3

Programming 

Algebra I/II/Gooaetry/
1 0.8

Prograaaing 2 1.7
Algebra 11/Programmlng 3 2.5
Algebra 1/11 5 4.2
Geoaetry/Prograaalng 5 4.2
Algebra II/Geoaetry 4 3.3
Algebra I/Geoaetr/ 1 0.8
Algebra I/Prograaaing 1 0.8
Othera 7 5.8
Total 120
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Question 3: During /our Advanced Placement. Computer
Science class how many of your students are there per 
computer? Table 23 shows the ratio of student to computer. 
In SO* of the schools each student had his/her own computer 
to use during class.

Table 23
Student-Computer Ratio

Students per Respondents Student Scores
computer Number Percent Mean Variance

1 97 so.a 3.15 0.721

1.5 5 4.2 2.62 0.800
2 16 13.3 2.48 1.178
3 1 o.s 3.18 -
4 1 o.a 1 .55 -

Total 120
N, 1.2 students per computer
SD 0.464

There was a significant negative correlation between 
mean score and number of students per computer, r =
-.2756, p. = 0.002. Analysis of variance, F<3,116) =

3.3594, a s >0212, showed the number of students per 
computer affected student acorea. A significant difference
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<p < .051 existed between scores when two students shared a 
computer (M •=■ 2.46> and when one student alone uaed a 
computer <M * 3.12>.

Question 5: What fraction of the advanced placement
class had access to computers outside your class time?
Almost half, or 47.5x, o£ the schools reported that more 
than three quarters of the students had access to computers 
outside o£ class time, whether students used their own 
computers or the school's. See Table 24.

Table 24
Student Access to Computers 
Outside of Claam

Percent o£ Respondents Student Scores
access Number Percen t Mean Variance

Leas than lOX 6 5.0 2.30 0.960
10X-25X 21 17.5 2.45 0.929
26X-SOX 20 16.7 3.00 1 .244
51X-7SX 15 12.5 3.06 0.796

More than 75X 57 47.5 3.31 0.394
No response 1 0.8
Total 120

A significant positive correlation existed between
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student scores end the percent of the class having access to 
computers outside of the class tine, r ■ .3621, p «
O. Analysis of variance, F<4,114> « 4.7090, p *
.0015, showed significant differences between the groups.
The grmat-aat. difference <p < .051 was between classes In 
which less than lOX of the class had access to computers 
outside of class <N * 2.46) and classes In which more 
than 75* of the class had access outside of class < H «
3.31).

Course-related questions.

Table 25
Duration AP Course

Course length Respondents Student Scoram
Nuaber Percent Mean Variance

1 semester 2 1.7 3.51 0.212
2 semesters H O  91.7 2.96 0.616
3 semesters 6 5.0 3.64 0.691
4 semesters 2 1.7 2.66 3.540
Total 120
S 2.06 
SD 0.361

Question 9: How long Is your Advanced Placement
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Computer Science course during 1985-86? Most schools offer 
the Advanced Placement Computer Science course two 
semesters. The duration of the courae did not correlate 
significantly with student scores, r = .0543, p =
.556, F <3,115) * 1.7840, p. = -1726. See Table 25.

Question 13: What are /our primer/ textbooks? Of the
120 schools aurve/ed, 11, or 9.2X, reported using no 
textbook. The remaining 109 uaed a total of 40 different 
titles. Some schools used several texts, a mean of 1.85 for 
those 109 schools using a text. One of the 40 titles,
A.P. Review by Schulman, could not be identified in 
Books in Print <1987), nor waa an/ response received 
when a second inquiry waa sent to the schools. This book 
was uaed by two schools, or 1.7X, with a total of 16 
students, 9 of whom took the Advanced Placement Computer 
Science Examination.

The two moat frequently uaed books were 
<a) Pascal Plus Data Structures. Algorithms and 

Advanced Programming, by Dale and Lilly, used by 53 
schools <44.2k) and

<b) Introduction to Pascal and Structured Design, 
by Dale and Orshalick, used by 52 schools <43.330.

Next in popularity were
<a) Oht Peace1 by Cooper and Clancy, 18 schools 

<15.030 ,
<b) Karel the Robot: A Gentle Introduction to the 

Art of Programming, by Pattis, 13 schools <10.830,
<c) Computer Science with Pascal for Advanced
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Placement. by Mandell and Mandell, IO schools <8.3*0 and 

<d) Data Structures Ualnq Pascal. by Tenenbaum and 
Augenstein, 6 achools <5.0*0.

For a complete list of text titles see Appendix G.
In order to analyze the textbook information the types 

of textbooks used were grouped into eight categories. A 
grouping of the textbooks waa necessary because the 112 
schools that used textbooks used 61 different combinations.
No attempt was made to group the books according to content 
or structure. This was beyond the scope of this paper. The 
groupings were based on how frequently that book or 
combination of books was used. The eight categories <the 
numbers in parentheses are the number in each category) are:

Category Text
1 <8) No textbook used
2 <5) Oht Pascal
3 <14) Pascal Plus Data Structures or

Introduction to Pascal
4 <27) Pascal Plus Data Structures and

Introduction to Pascal
5 <31) any text except those already noted
6 <4) Oht Pascal and

Pascal Plus Data Structures 
and/or Introduction to Pascal

7 <22) Pascal Plus Data Structures or
Introduction to Pascal and
any book<a) other than
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Oh t Pascal 

8 <91 Oh! Pascal and
any book except.
Paacal Plua Data Structures 
and Introduction to Pascal

Analyala of variance showed no aigmficant difference, 
F<7,1121 = 0.9526, jd * .4695, between the text uaed 
and student acorea. The last three categories were combined 
and another analysis of variance waa performed. Theae also 
showed no significant differences, F<5,114> = 0.5366,
£ * .7462.

Table 26
Type of Computer Uaed for AP Instruction

Computer Respondents Student Scores
Number Percent Mean Variance

Apple II 55 45.8 2.81 0.795
Macintosh 1 0.6 3.60 -
IBM PC 16 13.3 3.36 0.983
TRS-80 IO 8.3 3.01 1.168
Commodore 5 4.2 2.53 0.502
Other 22 18.3 3.43 0.444
No Reply 11 9.2 - -
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Question 2: What computer(a) do you use to teach

Advanced Placement Computer Science? Analyala of variance 
showed that the type of computer used for instruction and 
student scores was significant, K<5,1031 = 2.5047, p 
= .0350. A significant difference existed (p. = .05;
between the scores of students using Apple computers t M
= 2.81> and those In the “other*’ category (M = 3.43;.
See Table 26.

Eleven of the twenty-three achools m  the “ocher” 
category reported using more than one system. Of those 
eleven, five reported using Apple/IBM combinations. Three
schools used three or more systems.

One achool reported using overhead monitors for 
instruction with no indication aa to the computer system, 
nor any indication as to the type of computer used by the 
students.

Question 12: Do you use “Karel the Robot” program in
your courae? Only 13 schools, or 10.8*, reported using 
Karel the Robot. Two other schools <1.7X1 reported 
using it in an introductory Pascal course. The schools that 
used Karel the Robot reported using it for a mean of 
9.86 periods <SD * 4.501. Of those schools, 7, or 50*, 
uaed it for two or three weeks. One school reported making 
it available aa a resource in the library, but did not use 
it aa part of the courae.

No significant correlation existed between the use of 
Karel the Robot and student scores, r = .1203, p.
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= .1910. Analyala of variance ahowed no aignXflcant
difference, F<1,118) = 1.7331, q_ = .1906.

Table 27
Adherence to AP Svllabua

Degree of 
adherence

Respondents Student Scores
Number Percent Mean Variance

Hot at all O O - -
Somewhat 39 32.5 2.60 0.714
Vary cloaely 71 59.2 3.23 O. 748
Exactly 9 7.5 3.44 0.716
No response 1 0.8 -

Total 120

Question 8: How closely do you cover the Advanced
Placement Coaputer Science syllabus? See Table 27. The 
word cover was used Instead of follow to avoid the problem 
that aoaeone might think we were referring to tne scope and 
sequence rather than justfhe scope of the syllabus. A 
significant correlation existed between student scores and 
how closely the syllabus was covered <r = .3291, p =
O) . Analyala of variance showed significant differences 
between groups, F<2,116) » 7.7174, p. = .0007. The 
differences between student scores an the courses where the 
syllabus was covered "somewhat" (M = 2.60) and those in
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which it was covarad "vary cioaaly" <N « 3.23) or 
"•xaetly" <8, * 3.44) wara significant, at tha .05 laval.

Factor mnmlvalm

A factor analysis was parforaad on all variablaa axcapt 
tha taachar's Minor and tha way in which Pascal and BASIC 
wara laarnad. Tha rasulting factors wara rotatad using tha 
varimax aathod producing 13 factors axplaining 64.6* of tha 
total varianca. For aach factor variablaa wara salactad 
that had a corralation of .35 or highar with tha factor 
<Nunnally, 1967).

Tha following is a list of fmct-orm with thair 
corralatad variablaa.

Factor 1: rating of languaga proficiancy, Pascal
salf-rating, BASIC salf-rating, proficiancy on 14 salactad 
topics, yaars taaching, yaars taaching computing, yaars 
taaching Advancad Placaaant Coaputar Scianca, rating of 
quastion d and yaars of businass axparianca. This factor 
accounts for 12.9X of tha varianca.

Factor 2i rating of quastiona a, b and d, yaars 
taaching Advancad Placaaant Coaputar Scianca. This factor 
accounts for 11.7K of tha varianca.

Factor 3: studant scoraa, praraquisitas, rating of
quastiona a and f, and rating of halpfulnaaa of businass 
axparianca. This factor accounts for 10.7* of tha varianca.

Factor 4: coafort laval, yaars sinca last coaputar
coursa, nuabar of languagas taschar undarstands and
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proficiency on 14 selected topics. This £actor accounts for 
6.9* of the variance.

Factor 5: number of students taking the Advanced
Placement Examination, number of students taking the 
Advanced Placement course and teacher's college major. T m s  
factor accounts for 7.1* of the variance.

Factor 6: rating of question c, number of computer
courses taken by the teacher and the number of hours of 
teacher preparation time. This factor accounts for 5.9* of 
the variance.

Factor 7: years at present achool, use of Karel
the Robot, student access to computers, years of 
business experience and years teaching Advanced Placement 
Computer Science. This factor accounts for 5.4* of the 
variance.

Factor 6: computer type and rating of helpfulness of
business experience. This factor accounts for 4.9* of the 
variance.

Factor 9: years teaching and number of computer
courses taken by the teacher. This factor accounts for 4.5* 
of the variance.

Factor IO: rating of question a and years teaching
computing. This factor accounts for 3.5* of the variance.

Factor 11: type of achool and student access to
computers. This factor accounts for 3.2* of the variance.

Factor 12: highest degree held by teacher. This
factor accounts for 3.1* of the variance.

Factor 13: prerequisites. This factor accounts for
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Baaed on the results from the factor analysis several 
variablea were grouped and a multivariate analysis of 
variance waa performed comparing each cluster witJi student 
scores. Four such clusters were used and in no instance 
were the results of the analyses significant.

One cluster grouped the teacher rating of the levei of 
difficulty of questions a , b and d. The analysis snowed no 
significant relation between this cluster and student 
scores, <F(B9,1,241 a 1.3504, p = .157}. Another
cluster grouped teacher proficiency on 14 topics selected 
from the syllabus, years teaching computing and years 
teaching the Advanced Placement Computer Science course. No 
significant relation waa found between this cluster and 
student scores, <F<75,1,311 a 0.7974, p. * .7551.

Another cluster included teacher proficiency on 14 
topics selected from the syllabus, years teaching and years 
teaching Advanced Placement Computer Science. No 
significant relation was found between this cluster ana 
student performance, <F<59,1,491 a 1.2661, p *
.1911. A final cluster included teacher comfort level 
teaching the course, years since the last computer course 
and the number of languages understood by the teacher. Some 
interaction of these variables was evident though the 
relation was not significant, (F<64,1,471 = 1.5514, 
p = .051.
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Intarpratatlon of raaulti

What, la th« relationship bstwssn tha nuabsr of yaara 
•xpsrisncs a> teaching, b> teaching aathaaatlca and c) 
taaching prograssing or cosputer science and student auccaaa 
on tha Advanced Placesant Coaputar Science Examination?

Baaad upon tha data of thia atudy tha kind of acadaaic 
praparatlon that tha taachar bringa to tha Advancad 
Placaaant Coaputar Scianca couraa doaa not hava a 
significant baarlng on atudant parforaanca. No aigniflcant 
relation axiata between tha taacher'a araa of apacialization 
(major in college or apacialization at tha aaatara level) 
and atudant parforaanca on tha axaaination.

Yaara taaching and yaara taachlng tha Advancad 
Placaaant couraa alao axhibitad no ralation to atudant 
parforaanca. Tha majority of thoaa taaching tha Advancad 
Placaaant couraa and raaponding to tha quaationnaira ware 
vary axpariancad taachara and ware vary axpariancad in 
taaching computing. Tha atudanta of tha laaa axpariancad 
taachara did not acora lower than tha atudanta of tha aora 
axpariancad taachara. One raaaon could ba bacauaa tha 
youngar taachara, aora racantly graduatad from collage, hava 
aora racantly takan coaputar aclanca couraaa than thair aora 
axpariancad collaaguaa. Thia axpoaura to coaputar aclanca 
couraaa could balanca tha graatar axparianca. Alao tha aora 
axpariancad taachara hava uaad thair yaara of axparianca 
taaching coaputing aa a way of laarning tha aatarial.

Tha amount of tiaa taachara prapara aach waak for tha
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Advanced Placement, course has no relation to student scores. 
One teacher commented that he put in more time the first 
time he taught the course than he does now. This is typical 
of most teachers. No relation exists between the amount of 
preparation time and any of the other indicators of teacher 
experience (years teaching, number of graduate credits, 
etc.). Business related experience in the computer field 
has no relation to student scores nor does the perception by 
the teacher as to whether the experience was helpful in 
teaching the Advanced Placement course. A delineation of 
the type of business experience might provide a relation to 
student success.

What does relate to student scores is the highest 
degree the teacher achieved, though the area of 
specilization is not important, and how comfortable the 
teacher feels teaching the course. The higher the degree, 
or the greater the number of graduate credits, and the more 
comfortable the teacher felt with the material, the higher 
the acores. An assumption could be made that teachers who 
attend graduate school are more committed to the profession 
and to keeping current in discipline and pedogogy. Those 
who feel comfortable with the subject convey that feeling to 
the students and give them a feeling of self confidence.
These factors are thus more important than total years of 
teaching experience or the teacher's area of specialization.

The teacher's level of comfort stems from his/her 
preparation in computer science. Total years of teaching 
experience are not important but years teaching the Advanced
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Placement course are. The teacher's perception of his/her 
ability in programming and in the topics m  the course helps 
in making the teacher feel more assured. Perhaps this sense 
of confidence is conveyed to the students and lniiuencea 
their performance on the Advanced Placement cest.

What is the relationship between teachers wno do and 
teachers who do not attend Advanced Placement Computer 
Science workshops and student success on the Advanced 
Placement Computer Science Examination? Whether the teacher 
attends summer workshops or not has no relation to student 
performance. This is, at first, curious because one would 
expect any exposure to the material covered in the Advanced 
Placement syllabus to be better than none at all. It should 
alao be noted that less than SOX (42X1 of the teachers 
surveyed attended one or more workshops.

Why do the students of those attending workshops not 
outperform those whose teachers did attend workshops? bo 
these workshops do no good? It is possible that the 
students of teachers attending workshops were less able to 
begin with than those whose teachers did attend. A more 
likely explanation is that those who have not taken a summer 
workshop received the information needed to effectively 
teach the Advanced Placement course in other ways. At. least 
one teacher noted that his district ran a series of 
year— long workshops to prepare the teachers for the Advanced 
Placement course. Others noted that they had taken graduate 
courses during the school year. It would seem that teachers 
need to be trained until they judge themselves ready to
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teach the material. Thus the amount of exposure to the 
Advanced Placement material will vary, possibly 
substantially, from teacher to teacher.

Those with a minor or a degree in computer science 
would probably not find a summer workshop necessary. Jones 
(19751 asks from where the teachers of Advanced Placement 
courses will come. He maintains that level of competence in 
high school teaching is not enough to prepare tne teacher to 
deal with college level materials. He feels that some 
teachers are equal to the task and that perhaps a "summer's 
recharging" at a university would be wise. This advice does 
not appear to be neceaaary in the case of Advanced Placement 
Computer Science course. The teachers are seeking and 
receiving the information needed to teach the Advanced 
Placement course. Some have the neceaaary background from 
undergraduate and graduate schools and those without degrees 
in computer science attend more workshops.

What is the relationship between the textbooks used in 
the course and student success on the Advanced Placement 
Computer Science Examination? The type of textbook used 
had no relation to student scores. This is not unexpected; 
the College Board has developed a syllabus and an 
examination that is textbook Independent. The College 
Board, m  fact, makes no textbook recommendation to the 
teacher in any Advanced Placement syllabi.

A surprising result is the sheer number, and number of 
combinations, of textbooks used-40 different books. Even 
more surprising is the fact that almost lOx of the schools
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did not. use a commercial text. The diversity o£ textbooks, 
and the fsct that some teachers used personal notes, would 
indicate that what textbook(s) the teacher uses is far less 
important than how the teacher uses it (them.). The teacher 
is the determining factor in student success. This could 
mean that though there are a large number of books in use 
the/ basically offer the same content or do not differ 
enough in their presentation of the material to make a 
difference in student scores.

What is the relationship between teacher training in aj 
Pascal syntax, b> data structures and c) algorithms and 
student success on the Advanced Placement Computer Science 
Examination? It is difficult to assess the level of mastery 
teachers had in Paacal, data structures and algorithms 
without testing these areas. In this research this waa

impractical. It- was felt that by aekine the teachers to 
rate the level of difficulty of questions from the three 
main topic areas an indication of their level of competence 
could be obtained. This is not a definitive indicator of 
teacher ability. The teacher's estimate of their own 
expertise is a better Indicator.

Based on the results teachers appear to have a good 
understanding of how their students will perform on data 
structures type questions but not. on Pascal or algorithms 
type questions. It is possible that the courses that the 
teachers have taken stressed data structures more than the 
other areas. It is also possible that teachers find data 
structures more difficult and stress that area more in their
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teaching. A teacher's rating of the difficulty of a 
question may not, however, show any relation to the teachers 
knowledge of that topic.

Though not directly related to this proposal question, 
teacher mastery of other computer languages does relate to 
student performance. Mastery of other languages implies a 
careful analysis and reinforcement of data structures and 
algorithm questions and solutions. Approaching these 
questions from the perspective of different languages forces 
the teacher to be more flexible in thinking. This 
flexibility, although not measurable, significantly affects 
student performance.

The teachers consider the time teaching the Advanced 
Placement course important in their own learning of Paacal. 
Thia result points to teacher motivation and interest as 
important factors in student performance. Those who have 
learned more programming languages clearly have more than a 
passing interest in computers. Thia enthusiasm and interset 
is likely passed on to the students, if only unconaciously, 
resulting in more student interest and involvement.

What is the relationship between a teacher's perception 
of his/her proficiency in syntax, data structures and 
algorithms and his/her actual training? Teacher perception 
of proficiency in Pascal and on the 14 selected topics from 
the syllabus waa an important determiner of student 
performance. It is to be stressed that these proficiency 
ratings were not evaluated by an objective ooserver nor were 
they set to objective criteria. Even with much
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subject.!vity the teachers who thought themselves moat 
knowledgable produced students with the beat, scores, ana 
those who perceived themselves least Knowledgable haa the 
students with the lowest scores. Either the teachers are 
very good judges of their own ability or those who think 
they are good convey that confidence to their students. It 
is likely that a combination of these factors is m  effect.

Are there other factors that relate to student success 
on the Advanced Placement Computer Science Examination? 
Several were found that related to student success on the 
Advanced Placement Examination. The type of computer system 
showed a small effect on student performance. Those using 
Apples had significantly lower scares than those using a 
combination of computers or less common systems (mainframes, 
mini computers, etc.). It could be that those using several 
types of computers for the course have developed a 
flexibility in moving from one system to another that those 
using one computer do not. This flexibility could ennsnce 
student problem solving ability, thus leading to higher 
scores on the examination. This supports the position of 
the College Board that the purpose of the course is not to 
train students in a particular computer system (Garland,
2983).

It is also important that each student have access to 
his/her own computer, or terminal, during the class ana have 
as much access as possible to computer time outside of class 
time. This would suggest that schools seeking to implement 
an Advanced Placement Computer Science program make tne
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neceaaary financial committment to fully fund the course.
This includes hardware and software in sufficient number and 
variety to provide each student sufficient access. This is 
unlike most other Advanced Placement programs where the 
expenditures are primarily for teacher training and 
textbooks.

It is alao essential that the teacher follow tne 
syllabus set by the College Board. While to some this may 
smack of "teaching to the test" it indicates a more focused 
approach to the material. The material covered by the 
course is highly concentrated and specialized. This 
focusing is important for student success. Establishing 
appropriate prerequisites is somewhat important, though 
specific mathematics prerequisites seem to be less important 
than several yeara of mathematics m  conjunction with some 
background in programming. From the results we can conclude 
that the Advanced Placement course should not be the first 
formal exposure to computer science or programming. Some 
prior exposure to computers benefits the student.

The factor analysis points to several important, 
overall factors. One of these could best be labeled 
"experience and language proficiency." This includes total 
yeara teaching experience and teaching computing as well as 
self-rated proficiency in Pascal and BASIC. Another factor 
can be labeled "test question difficulty." Thia includes an 
estimate of the difficulty of both data structures questions 
and one algorithms question. A third important factor can 
be labeled "teacher comfort." This includes teacher comfort
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level, the time since taking the last computer course, 
number of languages understood and the teacher's seif-rating 
of 14 selected Advanced Placement topics. A fourth factor 
can be labeled "number of students." This includes the 
number of students taking the examination and the number of 
students enrolled in the Advanced Placement course.
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Chaptar V

SUMMARY. CONCLUSIONS AMD RECOMMENDATIONS 

Suaaarv

Tha purpoaa of thia atudy waa to invaatigata tha 
ralation batwaan atudant auccaaa on tha Advancad Placaaant. 
Computar Sclanca Exaaination and

- taachar axparianca,
- taachar attandanca at auaaar auaaar workahopa,
- taxtbooka,
- tha taachar'a parcaptlon of hia/har ability In 

coaputlng.
A quaationnaira waa conatructad covarlng 

taachax— ralatad, atudant-ralatad and couraa-ralatad araaa. 
A pilot atudy waa conducted ualng thraa aaabara of tha 
Advancad Placaaant Coaputar Sclanca Coaalttaa and fourteen 
raadara of tha Advancad Placaaant Coaputar Sclanca 
Exaaination. Baaed on tha raaulta of tha pilot atudy 
aavaral aodlficationa ware aada to tha quaationnaira. Tha 
final quaatlonnelra waa aallad to 203 achoola that 
adalnlatered tha Advancad Placaaant Coaputar Sclanca 
Exaaination In 1966. Uaabla raaponaaa ware received froa 
120 of thaaa achoola. Tha aaapla waa randoaly aalactad to 
glva a atratlflad aaapla of tha achoola that adalnlatarad
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the exaaination. Because schools where fewer than four 
students took the exaaination were not likely to have a 
formal course, these schools were eliainated from the 
population and were not saapled. The aean score for each 
school was obtained froa the College Board and was used as 
the aeasure of student success.

Paaraon correlation coefficients were calculated 
coaparing the aean scores of the students with the other 
variables. One-way analyaam of variance, using the Tukey-b 
aultlple coaparison test, were also perforaad. A factor 
analysis was perforaed using the variaax rotation and Kaiser 
noraallzation aethods. A aultivariate analyala of variance 
was porforaed using several clusters obtained form the 
factor analysis.

Conclusions

Thirteen factors proved to be related to student 
perforaance on the Advanced Placeaent Coaputar Science 
Exaaination. These fall Into two categories: teacher 
preparation factors and student factora. There were 
significant relations between student parforaanca and 
teacher's evaluations of four of the six exaaination 
questions. It appears that teachers need to have a good 
sense of their students' capabilities and that they be good 
judges of question construction and level of difficulty.
This undoubtedly coaes about through experience.

Teachers aust possess soae minimum amount of knowledge
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to teach the Advanced Placement Computer Science course. 
Precisely what this minimum preparation is or how it is 
acquired Is not at all clear. Those teaching Advanced 
Placement Computer Science are learning tne needed material 
from many sources. Though no one mode of teacher 
preparation la significant. It is likely that the varied 
ways the teacher has learned makes the teacher more flexible 
and open In his/her approach to the material. This 
flexibility may make the teacher a better problem solver and 
may serve as a model of flexibility for the students. Tne 
ways the teachers have iGatrned the material include college 
courses, self instruction, workshops and on the j o q  

training, that Is, teaching the Advanced Placement course.
Students need access to computers to succeed in the 

Advanced Placement Course. Ideally the students should have 
unlimited access and should not have to share computer time 
with a partner. The College Board recognizes that for some 
students the Advanced Placement Computer Science Course is 
the students' first exposure to computer science (Braswell, 
19841. This study shows those students wno have had at 
least one course in computer programming have an advantage.

What textbook(s), if any, were used proved unrelated no 
student success. It is likely that several factors are at 
work. Because of the highly specific syiiaoue and the 
relative newness of the course it is possible that no one 
book encompasses the course to the level or depth required 
by the syllabus. This could explain the large number of 
combinations of books used. It is also likely that because
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of the newness of the course teachers are willing to extend 
themselves to make up for the lack of standardized 
textbooks. It is likely that books for the Advanced 
Placement Computer Science Course will proliferate as they 
have for calculus. These books will be single volumes 
incorporating the complete content of the Advanced Placement 
Computer Science Course. If the standardization in computer 
science, at least at the beginning college level, occurs it 
will facilitate development of these all in one books, just 
as has occurred in calculus.

Several findings proved to oe surprising. Whether 
teachers attended summer workshops showed no relation to 
student success on the Advanced Placement Examination. 
Students whose teachers attended summer workshops did not 
enjoy an advantage on the examination over those whose 
teachers did not attend these workshops. One would expect 
that exposure to material specifically involved in the 
Advanced Placement course would enhance teacher 
effectiveneaa. Alao surprising was the lack of a relation 
between the teacher's area of specialization and student 
performance. One might expect mathematics and science 
majors to produce the best students. This is not the case.

The literature is inconsistent in answering the 
question of whether teachers make a difference in student: 
outcomes. The research specific to this atudy examines a 
much more sharply delineated area of student performance 
than previous studies. The Advanced Placement Computer 
Science course is highly specific in its content. The
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College Board maintains that this can be the first course in 
computer science. Thus for many students this is tne first 
exposure to programming and computer science. Unlike other 
advanced placement courses they may take t m s  course without 
any prior experience in its content. This is analogous to 
taking Advanced Placement Mathematics without a previous 
mathematics course or Advanced Placement french without a 
previous French course. Thus the results o± this study are 
specific to the Advanced Placement Computer Science course 
and may not transfer to other specific courses or to 
learning in general.

Does this mean that those with no background in 
computer science can teach the Advanced Placement course? 
Certainly not. The whole area of personal computers is 
relatively new, and the proliferation of the technology has 
been very rapid. Those who do not nave computer science 
degrees have probably been drawn to this field oecauae of an 
intense interest in computers regardless of their lormai 
training. They probably found they had an at>xht.y worKing 
with computers. This interest has perhaps motivated them to 
seek the information needed to teach this course.

Paramount in producing successful computer science 
students is the teacher. What is alao important is the 
teacher's perception of his or her abilities in computer 
science.

Why is teacher background not a better indicator of 
student performance on the Advanced Placement Computer 
Science exammaton? One possibility is that achooia where
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three or fewer students took the examination were excluded 
fros the study. The reason for this was that few of these 
schools conducted a formal class for Advanced Placement 
Cosputer Science. If these students had formal classroom 
Instruction student performance might be more closely 
related to teacher background. In a small group the teacher 
Influence could possibly have greater impact on student 
performance than in a larger group.

Another reason the relation between teacher background 
and student performance is not stronger could be due to 
“computer hackers" in the class. These Individuals acquire 
vast amounts of computer knowledge on their own, usually 
spending long hours working on the computer. Because they 
tend to work on their own when it comes to computers, they 
might have been influenced very little by the teacher in the 
Advanced Placement Computer Science course. Their scores, 
included with the other student's scores, may have altered 
the significance of the stetistics. Thus, a teacher effect 
might be present but is masked by the "hackers".

Recommendations

The four most important recommendations to improve 
exaaination scores would be to cover precisely the Advanced 
Placement Computer Science syllabus, to provide enough 
computers so that-all students could have as much access 
outside the course time as they wished, to make some 
programming a prerequisite for the Advanced Placement course
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and to have teachers who feel comfortable teaching the 
course. The second set of recommendations would he to nave 
teachers who are proficient In Pascal and in tne fourteen 
topics selected from the Advanced Placement syliaous and 
teachers who know at least four computer languages. The 
teachers should alao be experienced in teaching computing. 
Each student should have sole use of a computer during 
classroom Instruction. Lastly, schools should equip the 
Computer lab with a variety of hardware and software options 
for students. This fosters flexibility and may enhance 
problem solving.

There are a number of studies that can oe done m  u g h t  
of this research. A more detailed study of the differences 
between summer workshops should be undertaken. Exactly wnat 
material they cover, the sequencing of topics, how well the 
teachers attending these workshops perform and the type o± 
computers used could be compared with how the students of 
these teachers perform on the Advanced Placement 
Examination. This might be beat accomplished as a a m a n  
scale clinical study.

A detailed examination of teacher proficiency in 
computer science could be carried out. This could be done 
as a clinical atudy or large scale testing of the Advanced 
Placement Computer Science teachers. These results would be 
Interesting m  themselves, but could be compared with 
student performance on the examination. One would assume 
that all the teachers have at least some minimum level oi 
knowledge In the subject but do those who are more
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knowledgeable produce students who acore Detter?

A more thorough atudy of prerequisites for the Aavanced 
Placement course could be completed. This would involve 
examining not just what courses are required as 
prerequialtea but also the sequencing of the courses at each 
school. The content of these courses could ne examined £>y 
reviewing the syllabi for the prerequisitea.

This atudy Indicates that teachers with more experience 
teaching the Advanced Placement course produce better 
student scores. Overall teaching experience does not show 
the same relation to student scores. Over time will those 
teaching the Advanced Placement course plateau as the 
newness of the course wears off?

Another question involves funding for the Advanced 
Placement Computer Science Course. Do those schools 
spending more on hardware and software produce students with 
better scores? What correlation exists between student 
scores and low versus high socio-economic districts<
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Appendix A
COMPARISON OF SCHOOLS AND STUDENTS IN THE STUDY WITH ALL

SCHOOLS IN THE POPULATION

A B C D E
45-40 1 0.49 0.26 0.13
39-35 1 0.49 0.39 0.19
34-30 1 0.49 0.39 0.19
29-25 1 0.49 0.64 0.32
24-21 2 0.99 1.02 0.52
20 2 0.99 1.02 O.S2
19 2 0.99 1.16 0.58
IB 1 0.49 0.64 0.32
17 3 1 .48 1 .54 0.78
16 2 0.49 1.28 0.65
15 3 1 .48 1.67 0.84
14 5 2.46 2.57 1.30
13 7 3.45 3.59 1.81
12 9 4.43 4.75 2.40
11 8 3.94 4.24 2.14io 13 6.40 7.06 3.57
9 15 7.39 7.83 3.96
8 17 8.37 8.09 4.09
7 22 10.84 10.78 5 . 46
6 24 11.82 11.30 5.71
5 30 14.79 14.12 7.14
4 34 16.75 15.66 7.92

A student* per school 
B nusber of schools in study 
C x of schools in study 203 
D X of schools with >*4 students 779 
E X of ell US schools 1541
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A B C D E F

45-40 45 88 2.58 1 .30 1.09
39-35 35 108 2.00 1 .59 1 .34
34-30 32 93 1 .83 1 .37 1.56
29-25 26 130 1 .49 1 .92 1 .62
24-21 46 179 2.63 2.64 2.22
20 40 160 2.29 2.36 1.99
19 38 171 2.17 2.52 2.13
IB 18 90 1.03 1.33 1 .12
17 51 204 2.91 3.01 2.54
16 32 160 1 .83 2.36 1 .99
15 45 195 2.57 2.87 2.42
14 70 280 4.00 4.13 3.48
13 91 364 5.20 5.36 4.52
12 108 444 6.17 6.54 5.52
11 88 363 5.03 5.35 4.51
io 130 550 7.43 8.18 6.83
9 135 549 7.71 8.09 6.82
6 136 504 7.77 7.43 6.26
7 154 588 8.80 8.66 7.31
6 144 528 8.23 7.78 6.56
5 150 550 8.57 8.18 6.83
4 136 488 7.77 7.19 6.06

A students psr school 
B nusbsr of students In study 
C totel students in US schools 8047 
D x of students In study 1750
E x of students In schools >»4 students 6786
F x of students In sll US schools 6047
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APPENDIX B 

INITIAL QUESTIONNAIRE

1. What computtrti) a o  you use to teacn ftavancto Pl*c*m*nt Computer Science (if micros, how many)?
3. In what typo of school aro you teaching* 1-urban, 2-suouroan or3-rural?
3. DurinQ your Advanced Placomont Computer Scionco class how many of your studonts aro thoro por computor?
4. Do your studonts havo accoss to comoutors outsido of class timo? If yes, how much tlmo?
5.- How many years havo you ooon in tho school whoro you aro toaching tho Advanced Placomont Computor 8cionco courso?
6. How much proparation timo (.including corrocting programs, but not on tho computor) do you spend on tho Advanced Placomont Comoutor 8cionce courso?
7. On a scale from 1 to 9 <1-not at all, 9-exactly) how clooly do youfollow tho Advanced Placomont Computor 8cionco syllabus?
8. In somostors (2 por year)* how long is your Advanced Placomont Computor 8cionco courso?
9. What was your class size in Advanced Placomont Computor Scionco during 1989-86?
10. What aro your prerequisites (if any) for tho students entering your Advanced Placomont Computor 8cionce courso?
11. What percent of tho year do you spend oniTho Pascal languagoData structures ~A1 gorithms H i l l
12. Do you use tho * Karol tho Robot* program in your courso? If so, whenduring tho year and for how long (in weeks)?
13. Which text(s) do you use?

14. How many summer workshops dealing with tho Advanced Placomont Computer Scionco courso havo you attended? List whoro you attended.
19. What percent of tho workshop was spent on (if more than one workshop give porconts for each workshop separately)i

tho Pascal languagodata structures “algorithms ZZZZZ ZZZZZ ZZZZZ
14. Listed aro some of tho topics from tho Advanced Placement Computer Scionco Courso Description. Indicate how much time you spend (in weeks) on each topic.

Local/global identifiers ____Parameters -RecursionLlnear structuresTree structuresSearchingSorting “Numerical algorithms Computer systems Social implications
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19. On a seal* from 1 to 5 (1-not at all, 5-vary) how comfortable art you taaching tha Advanced Placamant Computar Science couraa?
50. Highaat dagraa you attainadsBA or 88 ____BA or BB «■ IS graduata crad&taBA or B8 * 30 graduata cradlta "Maatara dagraaMasters dagraa ♦ IS additional cradita Maatara dagraa ♦ 30 additional cradita _ 2Doctorata ZZ-Z-
51. What waa your major field in collage <if * education’, liat the area of education in which you specialized, if any)?
SS. What waa your Minor field in collage (if 'education*, liat the area of education in which you specialised, if any)?
53. Xf you have a Maatara dagraa (or higher) what waa your major field (if 'education', H a t  tha area in which you apecialised, if any)?
54. How long ago waa tha laat computer programming or computer aciencecouraa? 1/8. 1, 1 1/8, S or more than S yaara.
55. Hava you had any business related computer eitperience (programmer,eyatema analyat, etc.)? For what period of time?
56. On a scale from 1 to S (1-not at all, S vary much) how much haa thia helped you in teaching tha Advanced Placement Computar Science couraa?

2.7, How much leisure time do you spend using the computer?
SB, Did you teach the Advanced Placement Computer 8cience course at your preaent school in the 19BS-BB year?
S9. How many years have you been teaching (not including this year)?
30. How many years have you been teaching programming (not including this year)?
31. How many years have you been teaching computer acience, including the Advanced Placement Computer Science course (not including thia year)?
38. How many computer programming or computer acience courses have you taken? Liat them.
33. How many years have you been teaching the Advanced Placement Computer Science course?
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APPENDIX C 
FINAL QUESTIONNAIRE AND COVER LETTER

173 Larch Ave. 
Teaneck, NJ 07666 
March 15, 1967

Dtar Colleague,
1 need your help in completing a reaearch project 

conducted in conjunction with Teachers College, Columbia 
University and The College Board. I am gathering data 
concerning Advanced Placement Computer Science teachers and 
their students. Your school is one of 203 selected for this 
national study, and I would greatly appreciate your time and 
effort in completing the enclosed questionnaire. It will 
take approximately twenty minutes to complete.

If you did not teach the Advanced Placement Computer 
Science course at your present school during the 1985-66 
school year, please pass this on to the person who did. If 
the person who taught the AP Computer Science course during 
1985-66 is no longer at the school, do not fill in the 
questionnaire. Simply return it.

In filling out the questionnaire, please keep in mind 
that all questions pertain to 1985-66, so you may need to 
jog your memory.

Please return the completed questionnaire by March 25.
Thank you very much for your valuable help. If you 

have any questions, my phone number is 201-692-9059.

Sincerely,

Andrew J. Guzo
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1. Did anyone, besides yourself, teach the Advanced Pleeesant Coaputer Science 
course at your school In 1983-86?

I I YES I I NO
2* What cosputar(a) do you use to teach 

Advanced Placeaent Coaputer ScienceT 
( ) Apple ZZ I I MecZntoah 
C 1 IBN PC t 1 TR3-A0 C 1 Comeodore
I 1 Other ____________

3. During your Advanced Pleeeaent Coaputer Science claaa how aany of your atudente are there per coaputer?C Z 1 per coaputer or teralnel C I 2 per coaputer or teralnel I ) other, specify
4. Zn what type of school are you touching?( Z Urban I 1 Privets

I 1 Suburban t I Public
t 1 Rural

5. What fraction of tha advanced pleceaeot clesa had access to coaputera outside your class tlae?
t ) lass than 10XC Z 1OX-23*
I Z 26X-S0*t I S1K-73*I 1 aore than 73*

8. How closely do you cover the Advanced 
Placeaent Coaputer Science syllabua?

t I not at all 
I 1 aoaewhat t 1 vary closely 
I ) exactly

9. How long la your Advanced Placeaent 
Coaputer Science course?111 aeaester

112 seaeaters113 seaeaters
10. What was your total nuaber of studenta In 

Advanced Placeaent Coaputer Science during 1983-86?

11. What are your aath prerequisites forstudents entering your Advanced Placeaent Coaputer Science course? (Check all that apply)
I I none I I Algebra Z 
I I Algebra ZZ I I Geoaatry I I pre-Calculua I I Calculus 
I 1 other (specify)

12. Do you use the “Karel the Robot* prograa in your course?
I I yea, for about periods
I I no

6. How aany yeara have you been In tha 
school where you are teaching the Advanced Placeaent Coaputer Science course?

I I less than 2 yeara 
I I 2-3 yeara I I 4-3 years I I 6-10 years I I aore than 10 yeara

7. How such preparation tlae did you spend (per weak) during 1983-86 on tha Advanced Plecaaeat Coaputer Sclaaca course?
I I less than 3 hours I I 6-10 hours I I 11-13 hours I ) aore than IS hours

13. What are your prlaary textbooks?
Title Author

14. How aany suaaer workshops dealing with the Advanced Placeaent Coaputer Science course have you attended? Liat where and 
when you attended.
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IS. Rata your proficiency in tha following languages and topics1-nona2-fair3-good
4-aacellentand Indicate how you learned each1-college coaputer course2-suaaar Advanced Placeaent Coaputer Science workshop
3-aelf taught4-own Advanced Placeaent Coaputer 
Science teaching

proficiency howLEARNED
PascalBASXC FORTRAN COBOLNachine language (specify aystea)
CAPLOther (specify)

Local/globgl identifiers . ,. 
Paraaetars .Paraaeter passing .
Recursion_______________Linear structures_____ ___Tree structures__________Linked structures_____ ___
Searching____________ ___Sorting_____________ ___Nuaerlcal algorlthas ___Coaputer systeas __Social iapllcstlona .Records_____________ ___Prograa verification _____

Cospster S e im s test questions free the tn tirs  19M Mwnd PI »cwent Conoster S e im s EiMiiution and Kay 
copyright ©  1966 by College Entrance Eaaeination Board.
All rights reserved. Aeprinttd by pereisaion of Educational 
Testing Service, the copyright holder of the saeple 
Question*.
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c) Consider the following poorlyforaetted Pascal prograa fragaent.
if A"7 then if C«6 then begin C:«9; D:«9 end else begin T:«10; if C>6 then C:-5 end else P:«9
Xf A"7 and C»6 before the fragaent is executed, which of the following indicates the values of A,C,D,P, and T after tha fragaent is executed?<An undaterained value is indicated by a questions aark.)
A> A"7, C"9, D"9, P"?, T-?A) A-7, C"S, D"?, P"?, T"10C> A"7, C"6, D"?, P"?, T»?D) A*7, C>9, D-9, P-?, T-10B) A«7, C«6, D«?, P«9, T«?
Rating 1 2  3 4

d) Suppose Llstl and Llst2 are pointers to the first nodes in each of two linked lists, and q points to soaa node in the first list. The initial segaent of the first list, that is, all nodes up to and including the one pointed to by q, la to be raaovad and this segaent put onto the beginning of tha second list while tha order of tha nodes in tha initial segaent is aaintained. Xf neither q nor Llstl la nil, then this task is correctly perforaed by which of the following prograa segaents, where p is the pointer?
X. qT.Llnk:«Liat2;Liat2:"Llstl;Llstl;«qT.Link
XX. while Llstl Oqf.Link do 

begin p: "Llstl;Llstl: •Llstl'*. Link; pT.Llnk:"List2;List2:-pend
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lOI
17. How coafortabla are you teaching the 

Advanced Placeaent Coaputer Science course?
( ) not st allI 1 only a little comfortable t 1 only a little uncoafortable t 1 very eoafortable

IS. Highest degree you ettalned: 
t 1 BA or BS( 3 BA or BS ♦ IS grad, credits ( J BA or BS ♦ 30 grad, credits I ) Masters degree I 1 Hesters ♦ 13 add. credits ( 1 Masters ♦ 30 add. credits I ) Doctorate

19. What was your aajor field in collage (if 'education', list the ares of education in which you specialized, if any)?

24. If you answered yes to question 23, ho 
auch has this helped you in teaching t Advanced Placeaent Coaputer Science course?( ) not at all t 1 alnlaally helpful ( J soaewhat helpful I 1 very helpful

23. How aany yeara have you been teaching (not including 1986-87)?

26. How aany years have you been teaching coaputing (not Including 1986-87)?

27. Zf you do not have a degree in coaputer science, how aany coaputer progressing coaputer science courses have you taken List thea.

20. What was your ainor field in college (if 'education', list the area of education in which you specialized, if any)?

21. Zf you have a aaatera degree (or higher) what was your aajor field (If 'education', Hat the area In which you apeclallzed. If any)?
Masters________________Doctorate.

22. How long ago was the last coaputerprograaaing or coaputer science course? (II have taken none ( 1 1/2 year I J 1 year (111/2 yeara (12 years ( 1 aore than 2 years

28. How asny years have you taught the Advanced Placeaent Coaputer Science course (not including 1986-87)?I 1 1 year (12 yeara (13 years
29. Do you own your own coaputer?( 1 yes ( 1 no

23. Hava you had any buainesa relatedcoaputer experience (prograaaer, syataaa analyst, etc.)?( 1 yes, for_______years( 1 no
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APPENDIX D 
FOLLOW-UP COVER LETTER

173 Larch Ave. 
Taanack, NJ 07666 
April 11, 1967

Dear Colleague,
1 hava not. yet racalvad tha quaationnaira 1 aant to

you.
1 itiJl naad your halp In completing thia raaearch 

project. I realize that tha quaationnaira aay hava bean 
loat in tha aail or in tha ahuffla of all tha paperwork 
required by achoola thaaa daya. Bacauae of tha carefully 
aalactad aaapla it la iaparativa that I gat all of tha 
quaatlonnairaa back. I know your tlae la vary valuable, but 
plaaaa taka tha twanty ainutaa to coaplata tha 
quaationnaira. If you hava alraady aallad youra, thank you 
vary auch.

If you did not taach tha Advanced Placeaent Computer 
Science couraa at your praaant achool during tha 1965-66 
achool year, plaaaa paaa thia on to tha paraon who did. If 
tha paraon who taught tha AP Computer Science couraa during 
1985-66 ia no longer at tha achool, do not fill in tha 
quaationnaira. Simply return it bacauaa it ia important 
that I account for all tha quaatlonnairaa.

In filling out tha quaationnaira, plaaaa keep in mind 
that all quaationa pertain to 1985-66, ao you may naad to 
jog your memory.

Plaaaa return tha completed quaationnaira by April 21.
Thank you vary much for your valuable halp. If you 

hava any quaationa, my phone number la 201-692-9059.

Sincerely,

Andrew J. Guzo
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APPENDIX E

LETTER FOR INCONPLETE TEXTBOOK INFORMATION

173 Larch Ave. 
Teaneck, NJ 07666 
February 8, 1988

Dear Colleague,
Last March or April you assisted ae in a reaearch 

project by filling out a quaationnaira. Thank you again for 
your halp. One of tha quaationa Involved the textbook<a> 
you uaad in tha Advanced Placeaent Coaputer Science course 
in tha 198S-66 achool year. You liatad aa a textbook:

Computer Programming A Flrat Couraa
by Millar & Millar
Unfortunately I cannot find thia book liatad in 

Booka In Print. and I naad a complete citation 
for thia book. I would greatly appreciate your halp in 
filling out and returning tha ancloaad poatcard.

Thank you vary much for your valuable help. If you 
hava any quaationa, my phone number ia 201-692-9059.

Sincerely,

Andrew J. Guzo 
Complete title. ..............................

Author(a)

Copyright
Publisher
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APPENDIX F 
SUMNER WORKSHOPS ATTENDED BY TEACHERS

Workshop # timea
indicated Location

Arizona State University 2 Tempe, A2
The Bishop's School 1 La Jolla, CA
BOCES 2 Nassau County, NY
Boston University 2 Boston, MA
Boulder Colorado 1
Brigham Young University 2 Provo, UT
Caldwell College 1 Caldwell, NJ
Car1eton Col1ege 1 Northfield, MN
Carnegie Mellon University 2 Pittsburgh, PA
Colgate University 1 Hamilton, NY
Earlham College 4 Richmond, IN
Eau Gallle High School 1 Melbourne, FL
Fresno State College 1 Fresno, CA
Friends of 2? 1 Boston, MA
Gonzaga University 2 Spokane, WA
Woods Cross High School 1 Woods Cross, UT
Hemline University 1 St. Paul, MN
Harvard 1 Cambridge, MA
Kent State University 1 Kent, OH
Lake Forest College 1 Lake Forest, IL
Manhattan College 5 Bronx, NY
Phillips Academy 
Rensselaer Polytechnic

1 Andover, MA
Inati tute 2 Troy, NY

Rutgers University 1 New Brunswick, NJ
Salem College 1
Southern Methodist Univ. 2 Dallas, TX
The Taft School 
Teachers College,

5 Watertown, CT
Columbia University 6 New York, NY

The Citadel 1 Charleston, SC
UCLA 2 Loa Angeles, CA
University of Alabama 1 Tuacalooaa, AL
University of Maryland 1 College Park, MD
University of Maaaachuaetta 2 Amherst, MA
University South CMrolXna 1 Columbia, SC
Utah State University 1 Logan, UT
Western Carolina University 2 Cullowhee, NC
Winthrop College 2 Rock Hill, SC
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APPENDIX G

TEXTBOOKS USED BY THE SCHOOLS IN THE STUDY

The number In parenthesis following each citation indicates 
the number of schools using the text.

Aho, A., Hopcroft and Ullman., <19B2> Data Structures and 
Algorithms. Reading, HA: Addison-Wesley. (1)

Austlng, R.H., (1985) Ad.vancsd Placement Tost in Computer
Science. New York: Arco. (2)

Bowles, K.L., et al., (1984) Problem Solving Using UCSD
Pascal. New York: Springer-Verlag. (1)

Cooper, D. and Clancy, M., (1985) Oh! Pascal. New York:
Norton. (18)

Dale, N.B. and Lilly, S.C, (1985) Pascal Plus Data
Structures. Algorithms and Advanced Programming.
Lexington, MA :Heath. (53)

Dale, N.B. and Orshalick, D.W., (1983) Introduction to
Pascal and Structured Design. Lexington, MA :Heath.
(52)

Dennis, T.L., (1985) Apple Pascal: A Problem-Solving
Approach. St. Paul, MN:Weat Publishing. (1)

Downing, D., (1984) Computer Programming in Pascal the Easy
Wav. Hauppauge, NY: Barrons. (1)

Dromey, R., (1983) How to Solve It by Computers. New York:
Prentice Hall. (1)

Gilbert, H.M. and Larkey, A.I., (9184) Practical Paacal.
Cincinnati: South-Western. (1)

Graham, N., (1982) Introduction to Computer Science: A
Structured Approach. St. Paul, MN:Waat Publishing. (5) 

Grant, C.W. and Butah, J., (1982) Introduction to the UCSD 
p-Svstem. Alameda, CA: SYBEX. (1)

Grogono, P., (1984) Prooammlno in Pascal. Reading, MA: 
Addison-Wesley. (1)

Jensen, K. and Wirth, N.E., (1978) Pascal Users Manual and
Report. New York: Springer-Verlag. (1)

Jones, W.B., (1982) Programming Concepts: A Second Course.
New York: Prentice Hall. (2)

Koffman, E.B., (1982) Pascal: A Problem Solvxno Approach.
Reading, MA: Addison-Wesley. (3)

Koffman, E.B., (1985) Problem Solving and Structured
Programming in Pascal. Reading, MA: Addison-Wesley. (4)

Kruse, R.L., (1984) Data Structures and Program Design. New
York: Prentice Hall. (2)

Mandell, S. and Mandell, C. (1985) Computer Science wath 
Paacal for Advanced Placement Students. St. Paul, M N :
West Publishing. (10)

Mazlack, L.J., (1983) Structured Problem Solving with
Pascal. Boston: Holt. (1)
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Miller*, P. end Hiller*, L., <19 86) Programming bv Design - A 
Flrat couraa in Structured Programming. Pittsburgh: 
Carnegie Publishing. (1)

Miller, P. and Miller, L., <1986) Computer Programming: The
Flrat Course. Pittsburgh: Carnegie Publishing. (2)

Moll, R. and Folsom, R., <1985) Apple II Instant Pascali An
Introduction to Programming. Boston: Houghton Mifflin. 
<1 )

Maps, T.L. and Singh, &., <1986) Introduction to Data
Structure with Paacal. St. Paul, MN: West Publishing.
<1 )

O'Brien, S., <1987) Turbo Pascal: The Complete Reference.
New York: Osborne-McGraw. (2)

Paterson, J.L and Silberschatz, A., <1983) Operating Systems
Concepts. Reading, MA: Addison-Wesley. (1)

Pattis, R., <1981) Karel the Robot: A Gentle Introduction to
the Art of Programming. New York: Wiley. <8)

Presley, B. and Corlca, <1986) Guide to Programming in Apple
P«acal. Lawrenceville, NJ: Lawrenceville Press. (1)

Savitch, W.J., (1984) Paacali An Introduction to the Art and
Science of Programming. Menlo Park, CA: 
Benjamin-Cummings. (3)

Schneider, G.M. and Bruell, S.C., (1981) Advanced
Programming and Problem Solving with Paacal. New York: 
Wiley. (2)

Schulmsn, et al., A.P. Review. (2)
Sedgewick, R., (1983) Algorithms. Reading, MA:

Addison-Wesley. (2)
Standiah, T.A., (1979) Data Structure Techniques. Reading,

MA: Addison-Wesley. (1)
Tenenbaum, A. and Augensteln, M.J., (1986) Data Structures

Using Pascal. New York: Prentice Hall. (6)
Trembley, J.P. and Bunt, R.B., (1980) An Introduction to

Computer Science: An Algorithmic Approach. New York, 
McGraw. (2)

Tucker, A.B.,Jr, (1982) Apple Pascal: A Programming Guide.
Boston: Holt. (1)

Walker, H., (1986) Introduction to Computing and Computer
Science. Boston: Little. (1)

Welsh and Elder, (1982) Introduction to Pascal. 2nd Edition.
New York: Prentice Hell. (1)

Wirth, N., (1976) Algorithms ♦ Data Structures » Programs.
New York: Prentice Hall. (1)

2aka, R., (1981) Introduction to Pascal (Using UCSD Pascal).
Alameda, CA: SYBEX. (2)
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APPENDIX H

BREAKDOWN OF BACHELORS AND ADVANCED DEGREES

Bachelor Degrees 
Accounting 
Archi tecture 
Biology 
Business
Business Administration
Chemistry
Education
Electrical Eng.
Engi neeri ng
English
Germsn
Health
Mathematics
Math Education
Applied Mathematics
Music
Philosophy 
Physical Education 
Physics
Political Science
Psychology
Science
Speech

Masters Degrees
Administration
Biology
Business
Business Administration
Chemistry
Computer Education
Computer Science
Education
Engineering
English
Library Science 
Mathematics 
Mathematics Education 
Applied Mathematics 
Music
Physical Science 
Physics
Political Science 
Science
Special Education

# * of respondents (124)
1 0.81
1 0.81
6 4.84
1 0.81
1 0.81
5 4.03
2 1.61
2 1.61
1 0.81
4 3.23
1 0.81
1 0.81

71 57.26
9 7.26
1 0.81
1 0.81
3 2.42
2 1.61
7 5.65
1 0.81
1 0.81
1 0.81
1 0.81
# V of respondents (99)
3 3.03
2 2.02
1 1.01
1 1.01
1 1.01
1 1.01

lO 10.10
9 9.09
1 1 -Ol
2 2.02
1 1.01

33 33.33
22 22.22
2 2.02
1 1.01
1 1.01
2 2.02
1 1.01
4 4.04
1 1.01


