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ABSTRACT

AN INVESTIGATION OF TEACHER CHARACTERISTIiCS THAT CONTRIBUTE
TO STUDENT SUCCESS ON THE ADVARCED PLACEMENT COMPUTER
SCIENCE EXAMINATION

Andrew Joaeph Guzo

The purpoase of the study 18 to identaity those teacher
componentas which correlate with atudent performance an the
Advanced Placement Computer Science Examination. Thesaea
componanta linclude teacher experience, astudent textbooka,
teacher participation at summer workashopas for Advanced
Placement Computer Science and teacher perception of hias/her
ability in computing.

A queationnaire of 29 itema waas conatructed, then aent
to 203 achools administering the Advanced Placement Computer
Science Examination in 1986. Queationnaires were returned
by 149 achools, and 120 were uaabla for the atudy.

Several factora proved to be related to student
performance on the Advanced Placement Computer Science
Examination. These factoras include the type of computer
syatem used by the atudenta, amount of computer-acceaas time
for atudenta, prior programming experience of the studenta,
the number of atudenta per computer, adherence to the
Advanced Placement Computer Science ayllabus, teacher’a
level of education, the degree of comfort the teacher feels

teaching the courae, the number of computer languagea



underatood by the teacher, the teacher’a proficiency in
Paacal, the teacher’a aelf-rating of 14 tapics from the
Advanced Placemaent Computer Science ayllabue and the

teacher’a judgment of how difficult atudents would faind

questiona from the Advanced Placement Computer Science

Examination.
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Chapter 1

ANTRODUCTIQON

Need for the atudy

In the fall of 1583, the College Entrance Examination
Board aponasored an advanced placement program in computer
acience. By May, 1584, the fairat advanced placemeaent
computer acience courae was offered by 915 achools;: 4262
atudenta participated i1in the praogram. In the 1984-85 achool
year those numbers increased to 1200 participating achooils
and an expectaed 6000 atudents will take the examination.
With moat aschoolse needing only one advanced pliacement
inatructor, an approximate 1200 teachers areae involved in the
program.

To date no research haa focused upon the correlation
between teacheaer background and student auccesa on the
aexamination. A aurvay conducted by the College Entrance
Examination Board found that maost high achool teachers
taught BASIC and had little experiance i1n a atructured
language such as Pascal. They were unfamiliar also with
algorithmas and data structures, essentia. elements 1in a
computer science program.

The professionals who seem most qualified to teach this
course would be recent graduatea of computer acience

programs. Very few, however, anter aecondary education. To
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implement the advanced placement computer acience curriculunm

succesafully, teachers muast be trained to teach the course.
During the asummer of 1983, 41 univeraitiea and colleges
hoasted intensive summer workshope to train high achool
teachers to handle the advanced placement computer acience
program (33 taught courses covering the full advanced
placement computer acience curriculum; 8 offered an
introduction to Paacal). During the 1984 summer, 41 aschooils
offered workahopa (36 in the advanced placement computer
acience curraiculum:; S in Pascal). The number for 1985 was
25 (20 in the advanced placemant computer science
curriculum; S in Paacal). While these workshops were
reported to be “auccesaful,'" the collegaes have receivea
little feedback concerning the effects of their programs.
Both the collegea and the College Entrance Examination
Board would benefit from information concerning the
effectiveneas of teacher training programa in the advanced
placement computer acience curriculum. kesearch 18 neeaed
to identify those reasources which teachers posasesa, beyona
the information in the computer science curriculum, tnat
contribute to astudent succeaa on the Advanced FPlacement
Computer Science Examination. Ia expoaing a secondary
teacher to asix credita of Paacal, data structures and
algorithma adequate for maastering the content? Lo workahops
offer the inatructor an expertise so that he/ahe can teach
the materisl)l effectively? la an extensive training progran,
rather than an intenaive one, more effective? How much time

during a training program ahould be devoted to Pascal, data



structures and computing algorithms? If signifacant factors

can be identified, the level of secondary instruction can be

improved,

and teacher training programs can be planned more

effectively.

Purpose

The purpose of thias atudy i1e to i1dentaify those teacher

componenta and characteriaticae that have a high poaitaive

corraelation with student auccessa on the Advanced Placement

Computer Science Examination.

The quesations to be considered are

1

2)

3

)

what is the relationahip between the number of
yeara experiaence a) teaching, b) taeaching
mathematica and c¢) teaching programming or
computer science and atudent success on the
Advanced Placement Computer Science LExamination?
what ia the relationship between teachers who do
and teachers who do not attend Advanced Placement
Computer Science workshops and satudent aucceas on
the Advanced Placement Computer Scaience
Examination?

what ias the relationship between the textbooka
used in the course and atudent aucceas on the
Advanced Placement Computer Science Examinatian?
what is the relationahip between teacher training

in a) Pascal ayntax, b)) date atructurea and c)
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algorithma and student auccesa on the Advanced

Placement Computer Science Examination?

S) what is the relationship between a teacher’s
perception of his/her proficiency in asyntax, data
atructures and algorithma and hia/her actual

training?

Procedureasa of the astudy

The astudy was carried out by designing a questionnaire
and admintatering it to a amall aample of high achoold
Advanced Placement Computer Science teachers for
pre-teating. The final revised gqueationniare waas aent to a
sample of those who taught the Advanced Placement Comsputer
Science course in 1985-86. The scores of the students
taking the Advanced Placement Examination in 1986 were
obtained with the cooperation of the Collaege Board. These
scores were used as the measure of student success on the
Advanced Placement Examination.

Teacher proficiency was measured by aaking the teachers
to rate six multiple choice quesations from the 1984 Aavanced
Placemeant Computer Science Examination for level. of
difficulty. All of the variables were astatiatically
analyzed to determine relationshipa between factora. These
included correlationa and analysis of variance between
student success and a) yeara teaching, b) yeara teaching
mathematics, ¢) years teaching computing, d) textbooka used,

@) teacher training in Pascal ayntax, f) teacher trainang in



data structures and g) teacher training in algorithma. A
factor analyais waa also performed to find contributors to
the variance in student success on the Advanced Placement

Examination.

Plan of this report

Thia raport deacribesa the background of the Aavanced
Placemeant Coamputer Science Examination and reviaewa the
revelant literature. The rationale for the limitationa of
the study, the sampling procedure and the consatruction of
the sampling instrument are deacribed. The resulta of the
study are then discuased giving appropriate atatiatical
avaluation. Baaed on thea analyaia of the data aaveral
conclusiona and recommendations for future atudy ara

diacussed.

11
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Chapter I1I

BACKGROUND AND RELATED MATERIAL

The firaet Advanced Placement examinations were
administered ain May, 1954 and were one of the firat attempts
to bridge the educational gap between high echool and
college for high aptaitude studenta (Chamberlain, et ai.,
1978)>. Currently, 24 Advanced Placemaent examinations are
offered by the Collage Board for advanced placement in
col lege.

The College Board waa organized i1n 1900 by several
collegae presidenta and aecondary achool headmastera. The
purposes in forming the College Board were to eatabliash a
aingle college entrance examination, to adopt a more uniform
and demanding academic curriculum for seconaary sachoois and
to create lineas of communication between sacondary achoois
and colleges. The College Board aintroduced the Scholastic
Aptitude Teat (SAT) in 1926 and objective achievement testa
in 1936. 1In 1947 the College Board along with the American
Council on Education and the Carnegie Foundation for the
Adancement of Teaching founded the Educational Teating
Service (ETS).

The popularity of these examinations 18 reflected in
the aurge of participants. 1In 1961 the number of schools

giving Advanced Placement examinations i1n all aubjects wasa
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1126, an average of 16 examinations per school. By 1976 the

number of achools had risen to 3939, approximately 25
studenta per saschool. Ten yeara later in 1986, 7201 achools
participataed, 44 atudents per school. This represents a
540X increase in the number of aschoola giving Advanced
Placement examinationa, and a 1660X i1ncraease i1in the number
of students taking them (Watt, 1983).

Like the other examinations, the numbar of particaipants
in the Advanced Placement Computer Science Examination,
firat adminiatered i1n May, 1984, has riasen. ln an artaicle
in Popular Computing (Watt, 1983), Haag, then darector
of Advanced Placment programs for the Educational Tesastaing
Service, aatimated that between one and two thouaand
atudenta would take the Advanced Placement Computer Science
Examination in 1584. Niller of Carnegie-Mellon, on the
other hand, estimated the number would reach ten to twenty
thousand. Miller further thought the number of atudents
taking the Advanced Placement Computer Science Examination
would eventually rival the 52,706 participanta who took the
Engliah Advanced Placement examination in 1986.

Participation i1in the Advanced Placement Computer
Science Examination has exceedea the eatimate of Haag, but
haa fallen ashort of Miller‘’a. In the three years aince its
introduction the number of atudenta taking the examination
haa almost doubled: 4262 in 1984 to 8207 in 1986, a 93x
increass.

In 1986 the computer acience examination waa ailready

the ninth moast popular Advanced Placement examination. More
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computer ascience examinatione were given than both art ana

nmuaic, all language examinations except Spanish, and aitl
acience except biology and chemiastry.

Despite the wideaspread popularity of the Advanced
Placement Computer Science Examznatzon, the introduction of
the computer acience course waa not without i1ta problena.
Teachers were not prepared in the traditional sense. Few
had taken graduate or undergraduate computer acience
courasea. Fewaer still held a degree in computer science.
Noat had majored in mathematics.

The Computer Science Advisory Task Force, eatabliahea
by the College Board, auggeated that asummer i1natitutes,
modeled after National Science Foundation institutea, be
eatablished to train prospective Advanced PFPlacement teachers
(Braaswell, 1984). For teachers without compucer acience
backgrounds thease institutea would pro#;de minimum courae
preparation. Countrywide, univeraities and colleges like
Teachera College, Columbia Univeraity, Carnegie-Mellon and
othera took leaderahip rolea in deaigning asummer workahops.
The Task Force believed this recommendation easasential to tne
propoased Computer Science courase’as being well received by
collegea and secondary achoola.

The Computer Science Development Committee (Braawel.,
1984) addreasased atudent backgrounds. It notea that atuaentsa
be familiar with the aymboliam taught i1n a second year
algebra course and have a firm foundation i1n mathematicald
reasoning. Although the research on the Advanced Placement

Computer Science programs and examinations 1s virtually



nonexistent, studiea by Peteraen and Howe (1979) and

1S

Konvalina, Stephens and Wileman (1983) aupport the fact that

succeas in high school mithematics ia an important factor in

influencing auccess in collage computer science courses.

No

recommendationa suggeating prior programming experience were

made by the committee. The Advanced Placement course,
reasoned the committee, was viewed as a firast year college
course, designed to serve students majoring in all
diaciplines including computer science.

Critical queations are posed as a result of the rapid

increase in the number of schoola giving the Advanced

Placement Computer Science Examination and in the number of

atudents teking the exemination: Do schools have adequately

treined teachersa to ataff the rapidly increasing numbar of
aactiona in computer science? Do teschers possess a leval
of expertise that would insure proficient teaching and
aubsequent successful atudent performance on the
axanination? Precisely what impact, if any, do summer

institutes havae?

Relevant literature

The bady of literature dealing with the Advanced
Placerment Computer Science course is limited. The College
Board has published two works dealing with the Advanced
Placesment Computer Science Course and Examination. One,

Advaenced Placement Course Description Computer

Science, ia & booklet diastributed to all teachers of
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Advanced Placement Computer Science. It containas the course

outline, sample gqueastions for both the multiple choice and
free reaponae parta of the examination, a commentary on the
course description and a liat of references. The referencesa
include lista of introductory texta, texta on Pascal ana

general reference worka. The other, The Entire 1984 Ar

Computer Science Examination and Key, 18 a reprint of

the 1984 examination and a aummary of tne results.

Only two other articlea deal with the Advancea
Placement Computer Science Examination. 0One (Watt, 1983)
deals briefly with the development of the Advanced Placement
Computer Science Examination and some oif the ahortcominga ot
the teast. OQOne problem centera on the ability of the teat to
measure whether a atudent can write a coherent program in
reaponase to a problem. The other deals with a potent:ial
conflict between what the developera intend and what the
teachera and atudenta do. The intent of the courae 18 to
develop broad programming and problem solving skilla, The
author wonders whether the atudents wilil only concentrate on
developing aolutiona to the short programming proonlenms
included in the teat booklet. The author also feelia that
the aubject of computer acience might be too young tfor the
kind of standardization that this courae will probably leaa
to. He feara being locked i1nto a set of rigid astandaras 1n
a field that 18 rapidly expanding.

The other work (Braawell, 1984) givea a history ox the
development of the Advanced Placement Computer Science

Examination. This includes the establianment of a8 taak
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force to examine the feasibility of an examination in

computer acienca and ita recommendationsa about the
examination. He also discusses the goala of the program and
the selection of the programaing language and includes a
couree outline. He briefly treata teacher preparation but
only to aay that taeachers should teke a courae in Paacal
that stresaea top-down design and modular conatruction and a
course on data atructures. Braawell doea say that he feels
moat teachers will find that pointers, linked data
atructures and tree atructurea will require more time to
masater than can be afforded in a asummer workshop.

Chamberlain, Pugh and Schellhammer (1978) ahow that
atudenta wha took advanced placement courses in high school
performed better than atudenta who did not take advanced
placement coursea. The maeasurea uaed wera houra completead
par semastaer, the proportion of junior and above level
course hours, and grade point avarage. Jonea (1975)
discusses the reluctance some collegea have in accepting
advanced placement scorea. He also enumerates ten
advantages of the Advanced Placement Program and seven
problema in atarting an Advancced Placement Program in a
achool.

In another article Jonaea and Valentine (1984) givesa a
history of the College Board and the Advanced Placement
Nathematics Examination. He indicatea that the program has
had a atimulating effect on the teaching of mathematica and
has facilitated comamunication between aecondary achool and

college teachera. He hopea that the same effectsas will occur
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for the Advanced Placement Computer Science Progranm.

Research haa been conducted about the relationahip
between teacher characteristics or teacher experience and
student performance. Fagan and Ponder (1981) found that in
low achieving achools teacher quelifications are ralated to
~atudent parformance. There iz no reletionship, however, in
high achieving achools. Brophy (1986) concludea that
teachers make a difference in astudent performance. Enhanced
performance comes about through clesaroom management,
articulation of achievement expectationa and the selection
and design of academic tasks. The background of the teacher
ia not a factor.

In two reviaws of the relevant literature Ornstein
(1983, 1984) discusses the heraditarian’s thesis that
teachers and schools contribute little to student outcomes
and cites several experiments designed to support this idea.
He also looks at the viewpoint that teachers do make a
difference in student outcomes and citea several
correlational studies to aupport this view. He concludes
thet the research is unclear about the teacher’s role in
atudnt performance. The role of teacher background is also
unclear. Variables and interactions make it virtuaslly
posaible to isolata factora. Rosenbloom (1966) reported on
two studies conducted in Ninnesota mathematics classes. He
found that mathematics teaching experience and mathematics
courses and course grades do not differentiate between the
most and least effactive mathematics teachers. He also

found the length of time teachers consciously epend
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preparing lessons does not differentiate between the most

and least effective teachers.
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Chapter 111

SURVEYING SCHOQLS OFFERING ADVANCED PLACEMENT COMPUTING

In 1986 almoat 1,600 schools adminiatered the Advanced
Placement Computer Science Examination. 0Of thease, 203
sachools were chosen aa the sample population for this atudy.
Three limitations were placed on the sample:

(1> that schools be located in the United States,

(2) that achoola have four or more atudents taking the
1986 examination, ana

(3) that one instructor teach the Advancaed PFPlacement

aection(a) within the school.

Rationale for limitationa

Choosing achoola in the United Stateu waa merely a
practical consideration, one which focused on expediency in
contacting the schools by mail or phone. 0Of the 1575
achools sdministering the examination, only 34 were l1ocated
outside the United States.

Schools having three or fewer students taking the
examination were eliminated from the atudy. With fiscal
considerations & praiority in many dastraicts, a atrong
possibility existed that schools with relatively few
examination participanta could not offer an Advanced

Placement Computer Scilence clasasa. This proved correct. The
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Advanced Placement Program School Liat, compiled by The

College Board, regiatered approxamately 900 achoola with
four or fewer examinees. Twenty-four achoolsa, randomly
selected, were contacted by phone. The &ix achoola having
four examinees offered a class, but as the number of
examinees declined, the number of schoola offering Advanced
Placement Computer Science proportionally declined.

The focua of thia atudy 1; to compare teacher
background with atudent performaence. Since The College
Board, which provided the data, maintainas atudent acores by
school, not by individuael teacher, the population was
raestricted to achoola i1n which one an-truétor taught all
course sections.

How was it determined that one instructor taught the
course? Twenty schools, where 11 or more students took the
exam, were randomly selected. In the telephone aurvey that
followed, no reliable information could be obtained from
three schools. One school with 43 examinees reported two
instructors. The remaining 16 schools reported one
instructor. It was reasonable to conclude that few, 1f any,
of the 203 sample schools would have more than one

instructor.

The sampling procedure

Using the Advanced Placement Prograem School List, thia
sample was stratifiad -- with some modiiication -- by the

number of examineses in each school. Very few achoola, 21 1in
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all, had 21 to 45 students taking the examination. So that

a diaproportionste number of schoola 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
aample schoola closely reflect the distribution of the
achools in the Unitad States and the number of achoola with
four or more examinees. (See Appendix A.)

The achools ware selected uaing a table of random
digits from The Standard Mathematice Tables (Selby,
1975). The College Board codea each achool by a aix digit
number. The laat three digits in the table of random
nuabers were compared with tha laat three digita of the
achool code. When e match appearaed, the school was aslected
for the atudy.

The only exception to the selection process occurred in
the 45-40 range. The randomly matched achool with i1tas 43
exanineasa was eliminated, It was the same saschool,
previously mentioned in the limitations section, reporting
two {inatructors. In its place the remaining achool in the
45-40 range was chosen. Thia &chool was alao contactad in
the preliminary survey. Deaspita i1ta 45 examineea, 1t had

one inatructor.

Initially 33 questiona were developed (aee Appendix B).
Several readers, including Braawell of The Educational

Testing Service, reviewed the questionnaire.



Braswell suggeated asome changea:

(1) thet aa many multiple choice reaponsea as poaaible
replace free reaponaes,

(2) that queations 11 and 15 be eliminated bacauae
accureate information would be difficult to estimate: that
queations 27, 28 and 31 be eliminated because of irrelevancy
and redundancy,

(3 that questions better representing algorithmas,
data structures and Paacal programming ayntax be aelLecteda

for question 16. Two problema for each topic wera chosen

from The Entire 1984 Advanced Placement Computer
Science Examination and Key (1986). Algorithm questions

16b and e in the questionnaire are numbera 13 and 40 on the
1984 examination. Deta atructurea gquestiona 16a and 4 are
numbers 3 and 36. Paacal ayntax queations 16c and £ are
numbers 2 and 41.

A revised queationnaire was sent to three mambera of
the Advanced Placement Computer Science Committee and
fourteen readers of the Advanced Placement Computer Science
Examination. They were aaked to fill in the quesationnaire,
to estimate the completion time and to offer comments and
suggestions.

Fourteen responded. A& a reault four significant
changea ware made.

(1> Question 1, originally “Are you currently teachaing
the Advanced Placement Computer Science course?', was
revised to read "Did anyone, baeaide youaself, teach the

Advanced Placement Computer Science courase at your eschool in
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1985-867*'. 1In response to the original question one reader

wrote that he was currently teaching the couree, but that
another teacher had taught it the previouas year. The
original queation had not accounted for thia poasibility and
wae revised to keep the sample as uncontaminated aas
possible.

(2) Queation 8 waa reworked to read ‘'‘How closely do
you cover the Advanced Placement Computer Science
Syllabue?'. The original question did not account for a
teacher’a covering the entire ayllabu-; but not following
ita sequencing.

(3) Thrae readers mentioned they taught in private
achoola. Thia option was added to the aschool desascriptora 1in
question 4.

(4) Some readeorsas found queation 7, ‘“How much time dao
you spend preparing for the course?', confuaing. Did the
question refer to the ’‘86-'87 achool year? Did it refer to
the pravious year, the apparent focua of the atudy? To
clarify “during 1985-86" was added.

A final queation waa added after aseraendipidously coming
across a atudy done by Johns Hopkina University
{“"Inatructional Use=s," 1986). It found that 47x af the
inatructoras teaching high abilaity astudenta own their own
computera. Would the Johna Hopkina finding be corroborated

in this atudy?



The survey inatrumenta: final version “

The 29 questions in the questionnaire were designed to
elicit information about the teaechara, the students and the
computer science couraes. Queation 1, “"Did anyone, besides
yourself, teach the Advanced Placement Computer Science
course at your school?', served aa a check to preserveae the
integrity of the atudy. Should a respondent answer yes, the
questionnaire would be discarded. A copy of the

questionnaire is included in Appendix C.

Taacher-relate uestions

Questiona 25, 6, 26, and 28 focuas on the teacher’a
exparience: how long the teacher has taught, how long s‘/he
has taught in the current school, how long has the teacher
taught computing, how long has the teacher taught Advanced
Placement Computer Scienca.

Questions 23 and 24 probe the teacher’as
computer-ralated business experience, if any.

Queations 18, 19, 20 and 21 elicit traditional
information about the teacher’s degreel(s), undergraduate
major and minor(s), and formal graduate work.

Quaastion 27 aska for a listing of computer acience
coursea taken by non-majora. Question 22 aeaaka all teachers,
majors or not, how recent the last formal computing course
was taken. Question 14 probes aummer workshop atudy.

Quastion 135 elicitas detailed information about the

teacher’as accassment of his/her proficiency in at leasat
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asaven computer languages and fourteen topics in computing.

The teacher was also asked to indicate whather theae topicsa
were learned through summer workshops, self atudy, or a
formal course.

Question 17 focusea on the affective domain: How
comfortable is the insatructor teaching the advanced
placemaent course? Queation 7, on the other hand, tfocuses on
effort and planning: How much time i1a spent preparing for
claaa? Quastion 29 aska 1f the teacher ownas a computer.

Queation 16 with subpartse a through e presents aix
multiple choicae queationa. These queations involve
algorithma, data atructures and the Paacal programming
ayntax. The teacher is aaked to eatimate how easy or how

difficult the studenta would find the problenm.

Student-related guesations

Question < focuses on students from a sociological
peraspactive: are the atudents froam a rural, urban, suburban
environment? Do they attend private or public aschooil?

Question 10 asks class size. Question 11 i1nquares
about prerequisites for the Advanced Placement atudenta.

Queations 3 and 5 concentrate on computer
accesaaibility: What is the ratio of computer to astudent?
Approximately what percentage of atudenta had access to a

computer ocutaide clasa?



Course-ralated gueationa «

Queastion 9 asks the number of semestera the coursase
runa. Queation 13 asks for a liating of primary texta.
Queation 2 inquires about the kind(a) of computer usaed to
teach the courasae.

Question 12 asks whether the “Karael the Robot' progranm
is used as a teaching aid.

Question 8 focusaes upon how closely the instructor

follows €he Advaenced Placement Computer syllabus.

Conducting the survey

The final revision of the gquestionnaire (see Appendix
C) was mailed March 15, 1987 to the 203 schools. The
mailing included a cover latter explaining the purpose of
the study. It was not indicated that the study was part of
a doctoral dissertation (Berdie and Anderson, 1974).

The questionnaireas and their corresponding return
envelopes waere labeled with the achool’s code, a number
designated by The Educational Testing Service. Also
included was the number of studenta participating in the
1986 examination from that school. The coding would
facilitate recording the returna and preparing a second
mailing, if necessary.

Special directions were included for cases 1n which the
person teaching the ’85-~’'86 course were no longer employed
by the school.

Narch 25, 1987 was the target date for returnang
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quastionnaireas. As of April 11, 109 schools had responded.

Iamediately a aecond questionnaire waa sent to schoola that
had not reaponded. A new cover letter was included with a
auggested return dats of Aprail 21. (See Appendix D.> An
additional 34 questionnairesa were received, bringing the
total to 149 or 73.4X of the original mailing.

Of the 149 returned quesastionnairea 29 were un-uasabilea:
16 were diacarded because the teacher who taught the ’85-’'86
course was no longed employed by the school; the other 13
were eliminated because more atudenta took the examaination
than those who took the course.

This laeft 120 achoola in the atudy, 59.1%X of the

original mailing.

Further follow-up

A letter and a return posatcard, Appendix E, were aent
to the fourteen schools which reported using textbooka not
found in Booksa in Print. The schoola were asked to
supply full title, authori(s), copyright and publiaher.
Eleven achools anawered, leaving one of the original fivae
baoka unaccounted for: A.P. Review by Schulman, et

al. Two achools used this title.

Student acores

Student scores from the 1986 Advanced Piscement
Computer Science Examination were obtained trom The College

Board. The College Board reporta astudent ascorea from each
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achool by distribution and mean. For this study mean acores

were usad. It waa felt that the mean acore for each achool
would ba a baetter indicator of teacher impact on satudent
performanca than individual acores would be. The means
would tend to amooth out any extraeme scores in the claasa.
Of apecial concern ware the ‘‘computer hackers' in the classa
whose acorea might not reflect aa much teacher influence as

theocase of other astudenta.
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Chapter 1V

RESULTS OF THE STUDY AND INTERPRETATION

Pearaon correlation coefficients were computed that
compared the maean scores of the students with other
variablesa. Oneway analysea of variance, using the Tukey-b
multiple comparison teat, were also performed. A factor
analysais was performed using the varimax rotation and Kaiaser
normalization methods.

The resultas in this section have not been not grouped
in the order the questionsa appear in the questionnaire.

They have been organized according to the information thaey

offer: teacher-related, student-related and course-related

questions.

- ated stions

Question 252 How many years have you been teaching
{(not including 1986-87? Although the teachers were
seasaned-- 45 taught twenty or more years and 76.6x ten or
more-- claasroom experiance showad no relation to atudent
acorea (r = .0565, p = .35240, F(5,114)> = 0,5084,

p = .7694).



Table 1

Teacher Experience

Yearsa Reapondents Student Scores
teaching Number Percent Mean Variance
26-37 a 6.6 2.87 0.321
21-22 10 8.3 2.86 0.833
16-20 36 30.0 3.12 0.979
11-1S5 38 31.7 3.14 0.636
6-10 16 13.3 2.91 1.375
1- S 12 10.0 2.78 0.818
Total 120
M 14.78
D 6.692

Question 26: How many years have you been teaching
computing (not including 1986-877? Experience teaching
computing had a marginal effect on student scores. The
correlation waas poasitive, though not aigniticant (r =
.1677, p = .0670). The analyais of variance showed
aignificant differencee, F(3,116) = 3.2602, p =
.0241, though no two groupa ashowed aignificant differences

at the .05 level. See Table 2.

Question 28: How many yeara have you taught the

Advanced Placement Computer Science coursase (not including
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1586-877 The relationship between experience teaching the

Advanced Placement Computer Science courae and astudent
scoresa also was not significant (r = .0807, p =

.3810, F(2,117) = 0.9603, p =~ .3858). See Table 3.

Table 2

Experien Teach Computin

Years teaching__ Respondenta Student Scores

computing Number Percent Mean Variance

16-20 S 4.2 2.44 2.220
11-15 20 16.7 3.36 0.430
6-10 36 30.0 3.23 0.679
1- S S9 49.2 2.83 0.875
Total 120
N 7.20
Sh 4.603

Queation 6: How many years 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 45X have been teaching in their
current achools for 10 years or more. Others, 72.5x, had
bean employed for six or more ysara. Agein, however, the
correlation waa not aignificent (r = .0949, p =

«3030>. The mean waa 4.00, the atandard deviation 1.145.
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Table 3
Xpe ce Te
Yaars teaching__ Respondents Student Scores
APCS Nuaber Parcent Nean Variance
1 32 26.7 2.84 1.244
2 42 35.0 3.13 0.652
3 46 38.3 3.03 0.789
Total 120
B 2.122
Sp 0.801

Question 23: Have you had any buainess related
computer experience (programmer, saystems analyst, etc.>?
Businesa-related experience was reported by 44, or 36.7%,
respondents with a mean of 4.18 years, a standard deviation
of 3.532. Experience ranged from one half year to 20 years.
No significant correlation waa found betwaeen
business-related experience and student acoraea (y =~
.1384, p = .1320, F(10,109) = 0.80%6, p =

«.6237).

Question 24: If you anawered yea to Question 23, how
much has this helped you in teaching the Advanced Placement
Computer Science course? Subjects with computer-related

businessa experience were asked to judge haw helpful that



experience was in teaching the Advacned Placement course.
Although 42.2% felt their experience ‘‘somewhat' helpful, and
18.2x “very* helpful, no aignificant correlation was found
between the response to this question and student scorea
(r = ,1755, p = .255, F(3,33) = 1.1967, p =
-3150).

Question 18: Higheat degree you attained. A
significant correlation, r = .2696, p = .003, waa
found to exiat between the teacher’s higheat degree and
student scores. Analysis of variance ashowed differences
between the groupa, F(3,40) = 3.3469, p = .0284.
Student scores of teachers who had a mastera degree plus 15
graduate credita (M = 3.42) differed (p < .05) fronm
those whose teachers had a bachelors degree plua 15 graduate
cradita (M = 2.12) and those with a bacheloras degree

plus 30 credits (M = 2.22). Sea Table 4.

Question 19: What was your major field in college (1f
‘education’, list the area of education in which you
apacialized, if any)>? Majora are liasted for 120
respondenta, four of whom hold double majora. See Table 5.

Collaege major, or the area of masters work for that
matter, did not prove to be related to atudent performance
on the Advanced Placement Examination. Analyais of variance
showad no significant differences between groups,

F(4,115) = 0.3217, p = .8630. For those with a
masters degree, analysias ahowed no aignificant differences

between groups, F(5,93) = 0.5017, p = .7345.



Table 4

Diatribution of Degqreea

Highest Respondentas Student Scores
degree Number Percent Mean Variance
BA 7 5.8 2.57 0.994
BA+ 15 6 $.0 2.12 0.798
Ba+ 30 ) ?.5 QL 22 O.682
Naaters 22 18.3 3.16 0.955
Maaters+ 15 20 16.7 3.42 0.411
Masteras+ 30 52 43.3 3.112 0.755
Doctorate ) 3.3 3.13 0,449

Table S

Distribution of Bachelorsa Degrees

Major area Respondenta

Student Scores

Number Percent Nean Variance

Nathematics 81 65.3 3.01 0.850
Science 23 18.6 2.79 0.794
Engliah/

foreign lang. 6 4.8 2.88 1.324
Social studies 2 1.6 2.56 1.728
Other 12 9.7 3.08 1.120
Total 124




Queastion 20: What was your minor field in college (1f
‘education’, list the area of educaetion in which you
apecialized , if any)? College minora, reported by 98
reﬁpondenta, representaed almoat every diacipline offered by
traditional colleges. There turnaed out to be a praoblem as
to what constitutea a minor. Several schools offer no minor
and in the colleges that do the number of credita required
in a field to be called a minor differ widely. Becauae of
this and the diversity of reaponses no atatiatical analyais

waas performed on thease data.

Quastion 21: If you have a mastera degree (or higher)
what was your major field (if ’education’, liast the area in
which you apecialized, i1f any’? A total of 99 reapondents
had maatersa degreea. Of these, four have two mastars
degrees each. Four reapondenta held doctorateas, one each,
in philosophy, mathematicas, mathematica education and
computer ascience. See Table 6 for a liast of concentrations

at the masters level.
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Table 6

ta of Maatera Degrees
Major araa Respondents Student Scores

Number Percent Mean Variance

Computer 11 11.1 3.20 0.714
Nathematica 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 atudies 1 1.0 3.88 (o]
Other 17 17.2 3.13 1.1222
Total 99

Question 27: If you do not have a degree in computer
acience, how many computer programming or computer science
courses have you taken? List them. The ninety-three
teachers who responded, all computer science non-majors,
took aas few as one computer ascience course or as many aa 14
with a mode of 2. (M = 4.804, SD = 2.786).

The correlation between the number of computer courses
taken by non-majors and student scores was not asignaificant,
r = .0405, p = .689. Even when the number of
courses was regrouped into 1-4 courses and 5 or more,
analysis of variance ashowed no aignificant differencesa

between groups, F(1,94) = 0.1252, p = .7243.



Queastion 22: How long ago was the last computer
programaming or computer science course? The resultas show
that 70 respondents, approximately 58%, have taken a
computer science course within two years of the 1984-85

Advanced Placement Examination. See Table 7.

Table 7

Years Since Laeat Computer Course

Time since Respondenta Student Scores
laat courae Number Percent Nean 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 3.2 0.763
Within 1.5 yrs. 15 12.5 3.17 0.621
Within 2 yra. 20 16.7 2.92 1.1276

2 yearsa-+ 46 38.3 3.09 0.847
No reply 1 0.8

Total 120

The 3 respondents who have not taken any computer
acience courses have a bachelora degree in mathematics.
They also hold advanced degreea: one a mastera in
mathaematica, one a doctorate in mathematics education, and

one a doctorate in philoaophy. Analyaia of variance ahowed



no significant differencea between any groups, F(5,113)

= 0.7026, p = .6226.

Question 14X How many aummer workahops dealing with
the Advanced Placement Computer Science course have you
attended? Liat where and when you attended. Thera waas a
wide range in the number of workshopa teachera attended.

Sea Table 8. Almoat 60X reported attending no workshop, and
33x attended one. Lesa than 10X attended more than one
summer workshop. See Appendix F for a complete listing of
the summer workahops.

For the analysis three categories were used: no
workshopa, one workshop and two or more workseahops. There
waa no aignificant relationship between the number of aummer
workahopa teachersa attended and atudent ascores, » =
-.0691, p = .455). An analysis of variance was
performed and showed no differences between groups,

F(3,117) = 0.5937, p = .6202.



Table 8

Background in Summer Workshops

Number of Reapondents Student Scores
workashops Number Percent Mean Variance
None 21 $59.2 - -
1 38 31.7 2.95 0.768
2 9 7.5 2.94 0.592
3 1 0.8 3.67 o}
4 0 0 - -
S5 1 0.8 2.25 0
Total 120
M 0.54
Sb 0.790

Quesation 15: Rate your proficiency in the following
languages and topics and indicate how you learned each.
This queation focuaed upon the respondent’a subjective
evaluation of hia/her expertise in computer languages and
selected computer topica, auch as local and global
identifiers, parameters, recursion and others. Each
respondent rated hia/her level of proficiency on & scale
from 1 to 4, with 1 i1ndicating no proficiency. See Table

Although teachersas evaluated their expertise i1n many
computer languages, the teacher’s self-rating of Paacal

alone corralated significantly with atudent performance,

10

in



r = .,2638, p = .004. Analysia of variance ahowed a
difference betwaen groupsas, F(2,115) = 4.7498, p =

.0105). Student acorea of teachers who rated themaselves 3
(4 = 2.79) and 4 (X = 3.19) in Paacal differead
significantly (p < .03). Each respondent alao rated

what they perceived as their proficiency an BASIC. See

Table 10.

Table 9

Teacher’s Self-Rating in Pascal

Proficiency Respondents Student Scoraeaesa

in Paacal Number Percent Nean Variance
No reply 2 1.7 - -
l-none O o - -
2-fair S 4.2 2.23 0.560
3~good 41 34.2 2.79 0,902
4-excellent 72 60.0 3.19 0.733
Total 120

N 3.58

SD 0.565

The average rating for BASIC was slightly higher than for

the Pascal, though one person conaidered himselt to have no

proficiency in BASIC. The aelf-rating in BASIC, however,

41



showed no relation to student scorea, r = -.0141, p
=,8790. Analysia of variance alao ashowad no significant

differencesa, F(3,114) = 0.2962, p = .8281).

Table 10

Teacher’as Self-Rating in BASIC

Proficiency Respondents —Student Scorea
in BASIC Number Percent Mean Variaence
No reply 2 1.7 - -
1-none 1 0.8 3.71 0
2-fair 6 5.0 2.82 0.783
3-good 29 24.2 3.05 0.892
4-excellent az 68.3 3.01 0.841
Total 120

M 3.63

SD 0.624

Reaponses to a working knowledge of the other languages
were aso varied that no atatisticael analysis was performed;
however, the number of languages teachersa underatood
correlated asignificantly with the performance of the
students on the Advanced Placemant Examination, r =
«2650, p = .004. Analyaias of variance showed a

difference, F(8,110) = 2.3013, p = .0255, though no



two groups were different at the .05 level. See Table 11.

Table 11

Number of Lanquages Underastood by Teachera

Number of Respondents Student Scores
languagas Number Percent Mean Variance
no reply 1 0.8 - -
2 1 0.8 4.25 0
2 10 8.8 2.38 0.760
3 38 31.7 2.80 0.841
4 21 17.5 3.29 0.629
S 28 23.3 2.98 0.921
6 10 a.a 3.38 0,927
? 3 2.5 3.78 0.001
8 7 5.8 3.42 0.222
9 2 0.8 4.00 o]
Total 120
N 4.24
D 0.790

How did teachers learn computer languagea? Mosat
teachera reported their learning waa a reault of college
coursawork, summer workshopa, aself atudy or claaaroom

teaching. See Table 12.

)
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How Teachers lLearned Paascal and BASIC

Paacal

BASIC

No. of X of

No. of x of

aubjecta aubjecta aubjecta eaubjects

No reply 2 1.7 49 3.3
a 38 31.7 27 22.5
b 3 2.5 2 0.8
c 28 23.3 70 S8.3
d 2 1.7 - -
ab 6 5.0 - -
ac ? 5.8 13 10.8
ad ) 3.3 - -
bc 4 3.3 - -
bd b 0.8 - -
cd S 4.2 - -
Note: a=College course DbsSummer AP workshop

c=Self taught

d=Teaching AP course

Approximataly 17x of thoase who learned Pasascal and 3Xx of

those who learned BASIC reported learning from the three or

four sourcea mentioned above; some i1ndicated other aources,

auch aa tutoring by a colleague or having learned in high
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achool. Because of theae variationa, atatiatical data
focuaed upon those reaponses which indicated primary and
aecondary sourcea only. See Table 12.

The resulta ahowed that 45.8X learned Paacal praimarily
from college coursea, 36.7X conaidaered thamaelvea
self-taught and 10X learned through their own teaching.
Thia compares with reaults found by the National Aaesesament
of Educational Progress atudy (Martinez and Mead, 1988)>:
45x of eleventh grade coordinators indicated they receivad
moat of their computer acience training from college
couraea; 31X were self taught and 1.8X% learnad by teaching.
In contraat, however, were the BASIC respondenta, 33.3% who
learned from collega courases and 69.2X who ware self-taught.

The reaespondenta also rated themsaelvas on their
proficiency in 14 topicas taken from the Advanced Placement
Computer Science syllabuas. Each topic waas rated from 1 (no
proficiency) to 4 (excellent) by the reaspondenta, then
aummed to produce a total score. The higheat possible score
was S56. See Table 13. There was a significant posaitive
correlation between this acore and student scores, r =
.2590, p = .004. For the analysis of variance teacher
ratingas were grouped: 1= leas than 30, 2= 31-40, 3=
41-43, 4= 46-50, S= 51-56. Analysis of variance showed a
difference between groupa, F(5,113) = 2.5013, p =
.0346. The groups whose teachers rated themselveas 31-40
(X = 2.56) and 51-S6 (M = 3.35) were aignificantly

different (p < .05).
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Table 13

Teacher’s_Self-Rating in 14 Computer Science Topica

Rating in Reaspondents Student Scores
Paacal topics Number Percent Mean Variance
No reply 1 0.8 - -
Leaa than 30 2 1.7 2.40 0.650
31-40 22 18.3 2.56 0.928
41-45 20 16.7 3.05 0.773
46-50 31 25.8 3.09 0.978
51-55 34 28.3 3.35 0.633
S6 10 8.3 3.79 0.586
Total 120

M 47.04

SD 6.7212

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

There was a aignificant correlation between thias rating
and astudent acores, r = .2667, p = .003. Analys:is
of variance showed a differaence between groups, F(2,117)

= 44,8449, p = .0095. The ascorea of the atudents whoae



teachers felt “only a little comfortable", M = 2.34, and
those whose teachers felt '"very comfortable®, M = 3.20,

differed aignificantly (p < .05).

Table 14

Comfort Level Teaching APCS

Comfort Respondents Student Scoresa
lavel Nuaber Percent Mean Variance
a o o - -

b 11 9.2 2.34 0.845
c 44 36.7 2.93 0.841
d &5 54.2 3.20 0.736

Note a Not at all b Only a lattle comfortable

c Only a little uncomfortable

d Very comfortable

Significant correlations existed between the teacher’s
comfort level and

--the nuaber of years teaching the Advanced
Placement course, r = .3613, p = 0,

--the teacher’s rating of his/her proficiency
in Pascal, r = .,3345, p = O,

~--the teacher’as rating of hia/her proficiency
in the 14 topics, r = .5022, p = 0O,

~--the nuamber of programming languages kKknown,

47
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r = .4169, p = 0.

Question 7: How much preparation time did you spend
(per week) during 1985-86 on the Advanced Placement Computer
Science course? Preparation time apant on the Advanced
Placement Courase each did not correlate with astudent acoras
(r = 0409, p=> .6580). Analyaia of variance ahowad
no mignificant differencea betwaan the acorea of atudenta
grouped by the amount of preparation time spent by the
teachers, F(3,116) = 0.0641, p = .9787. See Table
1S5.

Table 15

Teacher Preparation Time Per Weak

Hours Respondents Student Scoraes

Number Percent Nean Variance
Less than 5 27 22.5 2,96 0.938
6-10 65 54.2 3.03 0.721
12-15 1S 12.5 3.05 0.747
Nore than 16 i3 10.8 3.08 1.513
Total 120

Queation 29: Do you own your own computer? Did the
teacher'’a owning a computer affect atudent acorea? In thia
atudy it waa found that 88 of the respondenta, or 73X, owned

their own computer. There was, however, no relation between
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the teacher’a owning a computer and student acorea, r =

.0064, p = .9440, F(1,118) = 0.0049, p = .94943.

A Johne Hopkina Univeraity atudy (‘'lInastructicnai
Uaea...'", 1986> ahowed that 47X of people teaching high
ability clasees own their own computera. The NAEP atudy
(Martinez and Mead, 1988) found that 73.5% of eleventh grade
computer coordinato;s owned a computer or had acceass to one

outaide the classrooa.

Quaatiaon 16: Six queationa from the multiple choice
portion of the 1584 Examinastion were presented. The
teachera were asked to rate the laevel of difficulty of each
queation as it would be perceived by their studenta. The
rating scale ranged from 1 (very easy) to 4 (very

difficulty. See Table 16.



Table 16

Teacher Rating of Question Difficulty

Queaesa- Teacher rating/difficulty level
tion
1 x 2 x 3 % 4 x
a Sa 42.5 So 1.7 16 13.3 3 2.5
b iz 14.2 S 37.5 49 40.8 9 7.9
c S0 41.7 S3 4.2 15 12.5 2 1.7
d 4 3.3 38 31.7 42 35.0 36 30.0
e 9 7.5 43 35.8 S0 491.7 18 15.0

These ratings weare uaed to determine the level of
difficulty for each quastion, from thy eagjieat to mosast
difficult. Each lavel of difficulty waa multiplied by the
number of teachera who gave it that evaluation. Theae
products were added, and the sum dividad by the number of
reapondenta.

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

Quesation ¢, 1.74 weighted average

Question a, 1.76 weighted avearage

Queation £, 2.29 weighted average

Question b, 2.32 weaighted average

Question @, 2.65 weighted average
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Question d, 2.93 weighted averaga.

The leval of difficulty aa perceived by satudenta wasa
determined by the percentage of correct reaponaesas by all
atudenta participating in the 1584 Advanced Placement
Computer Science Examination.

The following ia the result, preaented in increasing
level of difficulty:

Quesgstion ¢, 93X correct reasponse

Queation a, 56X correct reaponsase

Quaestion b, 50X correct reaponae

Queation &, 38X correct reaponse

Quaation d, 30% correct response

Question £, 14X correct raeasponse.

Based on teacher perception and student performance, 1t
was concluded that teachers could judge, with a fair degree
of accuracy, the difficulty level of questiona on the
Advancad Placement Examination. It was hypothesized that a
teacher’s ability and underatanding of the complexities of
the computer ascience field would correlate with astudent
performance. To test thia hypothesiasa a correlation was maade
between the teacher’s eastimate of the dagree of diffaiculty
of the aix 159584 Advanced Placement Computer Science
Examination queations and the average score of the teacher'’s
class on the 1986 Advanced Placement Computer Science
Examination. Significant correlationa were found, except
for queastion e. A more detailed analysis follows.

In queation a (data atructures) the correlation between

teacher rating and atudent acoreas wasa asignificant (pr =



-.3129, p = .001>. Analyaia of variance ahowed a
significant difference between groups, F(d,11b2 =
5.8676), p = .0009. The student scores of teachers who
rated the question as 3 (difficult) (M = 2.29) and those
who rated it aa 1 (very easy) (M = 3.31) or 2 (easy)

(M = 2.96) differed aignificantly (p < ,.05).

Queation b (algorithmas) showed a aigaificant
correlation, r = ~-.1792 p = .050, with estudent
acores. Analysia of variance showed no asignificant
differences between the groupa.

Question ¢ (Pascal) showed a aignificant correlat:ion
between teacher rating and student acores (r = -.2117,

p = .020). Analyesie of variance showed differences
between the groups, F{(3,116) = 3.2578, p = .0242.

The atudent acores of teachera who rated the queation 4
(very diffacult) (M = 1.27) differed signataicantly

(p ¢ .05) from the other three groupa: 3 (difficult)

(M = 2.849), 2 (eaay) (M = 3.00) and 1 (very easay)

(X = 3.17)>.

Queation d (datas atructureas) showed a significant a
correlation of betwaen-teacher rating and astudent scores
(r = -.2296, p = .012). Analysia of variance ahowed
differencea between the groupa, F(3,116) = 3.1356, p
= ,0282. The atudent acorea of teachers who rated the
quaation 4 (very difficult) (M = 2.67) differed from
thoae rating it 3 (difficult) (M = 3.17) at the .05
level.

Queation e (algorithma) did not correlate asignitficantly
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with atudent acores (r = .0084, p = .927)>.

Queation f (Paacal) revealed a aignificant correlation
between teacher rating and astudent acores (r = ,.2705,
p * .003). Analyaia of variance revealed significant
differences between the groups, F(3,116> = 3.3013, p
= ,0229. The student acores of teachers who rated the
queation 1 (very easy) (M = 2.76) differed (p ¢ .05

from those rating it 4 (very difficult) (M = 3.55).,

Student-related guestions.

Question 4: In what type of school do you teach? This
question attempted to focus upon the kind of school bast
representing the sample. Five choices were offerad: urban,
sauburban, rural, private and public. This question would
have bean better poasead in two itema: one which asked
respondents to indicate urban, suburban or rural, the othar
to indicate public or private. Moat respondents checked two
categories, a few one,

Table 17 liatas the results of the respondents who
chaecked the type of school and ita sector. Table 18
represents data from those respondents who checked a aingle
category.

Ignoring the public/private clasaification of achoolas
produced the results in Table 19. What was aignificant,
despite the flaw in thia quesation, was that the analysis of
variance ahowad no differencea betwean scores when achools

vere grouped aa rurel, urban and auburban, F(2,82) =



2.5972, p = .0806.

Table 17

Type of School: Both Optiona_ Checked

School type Reaspondents Student Scores
Number Percent Mean Variance

Rural private 3 2.5 3.36 1.830
Ruxral public 4 3.3 3.13 1.188
Suburban/

private 3 2.5 4.33 0.583
Suburban/

public 33 27.5 3.19 0.709
Urban private ? 5.8 2.93 0.674

Urban public 7 5.8 2.6 1.091




Table 18

o5

Type of School: One_ Option Checked

School type Respondenta

Student Scorea

Number Percent Mean Variance
Rural 4 3.3 2.00 1.301
Suburban 19 15.8 3.12 Q.762
Urban S 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 Scorea

Number Percent Nean Variance
All rural 11 9.2 2.78 1.504
All suburban S5 45.8 3.21 0.721
All urban 19 15.8 2.78 0.6867
No response 35 29.2 - -
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Ignoring the rural/urban/suburban classification

produced the reasults in Table 20.

Table 20

Type of School: Public or Private

School type Reapondents Student Scorea
Numbenr Percent Mean Variance
All private 29 24.2 3.09 0.969
All public 63 S52.5 3.06 0.784
No responae 28 238.3 - -
Analyaiasa of vart .ce also showed no difference betwaen

the ascores when the achoola were grouped as public or

private, F(1,90) = 0.0202, p = .8874.

Question 10 What was your total number of astudents in
Advanced Placemeant Computer Science during 1985-867 No
aignificant correlation exiated between the number of
atudents anrolled in the Advanced Placement Computer Science
coursae and student acores, r = -.,0833, p = .3770.

(It is not known whether achoola with higher enrollmenta had
more than one section.) Studenta in achoola with a large
courae enrollment performad as wall aa those with amaller
enrollmenta. Analysis of variance showed no differences

between groups, F(26,93) = 1.5995, p = .052%.
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When the achoola were regrouped according to the number

of atudente per school (31-35, 26-30, 21-25, 16-20, 11-15,
6-10, and 4-5), another analysia of variance wasa completed.
No asignificant differencea were found between the atuaent
scores uaing this grouping, F(6,113> = 0.5932, p =

. 7352. See Table 21.

Table 21

APCS Enrollment

Studenta per Respondanta Student Scores
achool Nuaber Percent Mean Variance
31-35 2 1.7 3.20 0.756
26~30 8 6.7 2.57 0.700
21-25 10 8.3 3.08 1.021
16-20 21 17.5 3.05 0,917
11-15 31 25.8 3.11 0.7386
6-10 38 31.7 2.94 0.841
4-5 10 8.3 3.31 1.091
Total 120
N 214.22
SD 7.122.

Question 11: What are your math prerequiaites for
atudents entering your Advanced Placement Computer Science

course? Although 6 achoola, or 5%, liated programming as
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their only prerequiaite, 18 achoola, or 15X, indicated that

they used programming as one of the prerequisitea for the
courase. Seven achoola, 5.83%, indicated apecial
requirementa, auch aas department permisasion, and one of
these indicated three years of regenta mathematicg. Tabie
22 liatas the frequencies of the prerequisiteas reported.

When all 17 of these combinatiaone of prerequisitee were
subjected to an analysis of variance, a aignificant
differaence, F(16,103) = 2.5145, p = .0027, was found
between those for whom programming only (M = 3.9847) was
used as a prerequisite and those for whom Algebra 1II anda
geometry (M = 1.81) were uaed aas a preraegquisite. These
two groups differed at the .05 lavel.

Severasl prerequisites were combined, based on the
assumption that the more common sequence of mathematica
courses waa Algebra 1, geometry, and Algebra 1I1. A new
grouping waa made using the most advanced course aa the
criterion for claasaification. 1f programming were indicated
with other prerequisitea, it waa diaregardad. If 1t were
the only prerequiasite, it waas placed in a category. 7Tnais,
then, produced five groupa: Algebra I, geometry, Algebra
11, pre-calculua, programming. Another two groups were
added: a group for no prerequiasitesa and a general "“other"
category. Thia waa done so that all atudent acoreas were
included in the atatiatical analyasia. Analyaias of variance
showed no differencea between thease categories, F(§,113)

= 0.1821, p = .9812.



Table 22

Prerequisites for the Advanced Placement Course

Prerequisitesn Number of Percent of

respondents reapondents
None 14 11.7
Algebra 1 11 9.2
Algebra II 26 21.7
Geometry 3 2.9
Pre-Calculus 7 5.8
Programming 6 5.0
Algebra 1I/11/Geometry 20 16.7

Algebra 1/11/

Geometry/Pra-Calculusa 4 3.3
Pre-Calculua/Calculua/

Programming 1 0.8

Algebra 1/11/Geometry/

Programming 2 1.7
Algebra 1I/Programming 3 2.5
Algebra 1/11 S 4.2
Geometry/Programming S 4.2
Algebra 1l1/Geometry 4 3.3
Algebra 1/Geometry 1 0.8
Algebra I/Programming 1 0.8
Others 7 5.8

Total 120




Question 3: During your Advanced Placement Computer
Science clasa how many of your atudents are there per
computer? Table 23 shows the ratio of atudent to camputer.
In 80% of the achoola each astudent had hia/her own computer

to use during clasas.

Table 23

Student-Computer Ratio

Students per Respondentsa _Student Scores
computer Number Percent Mean Variance
1 97 80.8 3.1% 0,721
1.5 S 1.2 2.62 0.800
2 16 13.3 2.48 1.178
3 1 0.8 3.18 -
49 1 0.8 1.55 -
Total 120

N 1.2 atudents per computer

SD 0.464

There was a significant negative correlation between
mean acore and nuamber of studenta per computer, r =
-.2756, p = 0.002. Analyais of variance, F(3,126) =
3.3594, p = .0212, showed the number of atuaentas per

computer affected student ascores. A aignificant difference

80



(p < .05) exieted between scorese when two astudente shared a
computer (M = 2.48) and when one atudent alone used a

computer (M = 3.12).

Queation 5! What fraction of the advanced placement
class had access to computeras outside your clasa time?
Almoat half, or 47.5%, of the achoola reported that more
than three quartera of the astudentas had access to computers
outaide of clasa time, whether studenta used their own

computers or the achool’a. See Table 24.

Table 24

Student Acceass to Computers

Qutside of Class

Percent of Respondentsa Student Scores
access Number Percent Mean Variance
Less than 10X 6 5.0 2.30 0.960
10%-25% 21 17.5 2.45 0.929
26%-50% 20 16.7 3.00 1.244
51x-75x 1S 12.95 3.08 0.798
Nore than 75x 57 47.5 3.32 0.394
No reaeaponse 1 0.8

Total 120

A significant positive correlation exiated between

61
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student acores and the percent of the class having access to

computera outaide of the claess time, r = .3621, p =

0. Analysia of variance, F(4,114) = 4,7090, p =

.0015, showed significant differences between the groups.
The greateat difference (p < .03) waa between clasees in
which less than 10X of the class had access to computers
outside of clasge (M = 2.46) and classes in which more
than 75X of the claas had acceas cutside of class (M =

3.31).

Coursea- ted questiona.

Tabla 23

Duretion AP Course

Course length Respondenta Student Scores
Number Percent Mean Variance

1l semeatear 2 2.7 3.52 0.212
2 semeaters 110 91.7 2.98 0.818
3 aemaesters 6 3.0 3.64 0.691
4 aemaeaters 2 1.7 2.88 3.540
Total 120
N 2.08
SD 0.361

Question 9: How long ia your Advanced Placement
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Computer Science course during 1985-86? Moat aschoole offer

the Advanced Placement Computer Science courae two
semeatera. The duration of the courase did not correlate
aignificantly with atudent acorea, r = .0543, p =
«956, E(3,115) = 1.7840, p = .1726. See Table 25.

Question 13: What are your primary textbooka? Uf the
120 achoola surveyed, 11, or 9.2, reported using no
textbook. The remaining 109 used a total of 40 different
titles. Somae achoola uaed several texta, a mean of 1.85 for
thoae 109 achools using a text. One of the 40 tatles,
A.P., Review by Schulman, could not be identified in
Books_in Print (1987), nor was any reaponase received
when a second inquiry was asent to the achoola. Thie book
waa uaed by two achoola, or 1.7%, with a total of 16
atudentsas, 9 of whom took the Advanced Placement Computer
Science Examination.

The two most frequently used books were

(a) Paacal Plua Data Structures, Algorithma and

Advanced Programming, by Dale and Lilly, used by 53

achoola (44.2X) and

(b) Introduction to Paacal and Structured Desaign,

by Dale and Orshalick, used by 52 achools (43.3%).
Next in popularity were
(a) Oh! Pascal by Cooper and Clancy, 18 schools
(15.0%),

{(b) Karel the Robot: A Gentle Introduction to the

Art of Programming, by Pattia, 13 achoolas (10.8%),

(c) Computer Science with Pascal for Advanced
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Placement, by Mandell and Mandell, 10 achoola (8.3%) and

(d> Data Structures Using Pascal, by Tenenbaum and
Augenatein, 6 achoole (5.0%).

For a complete liat of text titlea see Appendix G.

In order to analyze the textbook information the types
of textbooka used were grouped into eight categoriea. A
grouping of the textbooks was neceassary becauase the 112
achoola that used taextbooka used 61 different combinationa.
No attempt waa made to group the booka according to content
or atructure. Thias was beyond the ascope of this paper. The
groupinga were based on how frequently that book or
combination of booka was used. The eight catagoriea (the

numbera in parentheaes are the number in each catagory) are:

Category Text
1 (8 No textbook usaed
2 (D) Oht Pasacal
3 (14> Pascal Plua Data Structurea or

introduction to Pagcal

4 (27 Paacal Plua Data Structures and

Introduction to Paacal

S (31> any text except those already noted
6 (4 Oht Pascal and

Paacal Plua Data Structures

and/or Introduction to Paacal
7?7 (22> Paascal Plua Data Structureas or
Introduction to Pascal and

any book(a) other than
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Oht Pascal

8 (9 Oh! Paacal and
any book except
Paacal Plus Data Structures

and Introduction to Pascal

Analyais of variance ashowed no significant difference,
F(7,112) = 0.9526, p = .4695, between the text uaed
and student acorea. The laat three categories were combined
and another analysis of variance waa performed. Theae also
showed no aignificant differencea, F(5,114) = 0.5366,

p = .7482.

Table 286

Type of Computer Used for AP Inatruction

Computer Respondents Student Scores
Number Percent Mean Variance
Apple II 5S 45.8 2.81 0.795
Naclntosh 1 0.8 3.60 -
IBM PC 16 13.3 3.36 0.983
TRS-80 10 8.3 3.01 l1.168
Commodore S 4.2 2.53 0,502
Other 22 18.3 3.43 0.444

No Reply 11 9.2 - -




Quesation 2: What computer(s) do you use to teach
Advanced Placement Computer Science? Analysias of variance
showed that the type of computer used for instruction and
astudent acorea waa aignificant, F(S5,103) = 2.5047, p
= ,0350. A aignificant difference exiated (p = .09
between the acores of atudenta uaing Apple computera (M
= 2.81) and those in the “other" category (M = 3.43).

Seae Table 26.

Eleven of the twenty-three aschools in the “other"
category reported using more than one ayatem. O0Of those
eleven, five reported using Apple/lIBM combinations. Three
achocols used three or more aystenma.

One achool reported using overhead monitora for
inatruction with no indication as to the computer ayastem,
nor any indication aa to the type of computer uased by the

atudenta.

Queation 12: Do you uae "Karel the Robot' program in
your course? Only 13 schools, or 10.8%, reported using
Karel the Robot. Two other achools (1.7%) reported
using it in an introductory Paacal course. The achoolas that

used Karel the Robot reported uaing i1t for a mean of

9.86 perioda (SD = 4.50). Of those achoola, 7, or 50%,
used it for two or three weeka. 0One achool reparted making
it available aa a resource in the library, but did not use
it aas part of the courae.

No aignificant correlation exiated between the use of

Karel the Robot and student acoreas, r = .1203, p



= ,1910. Analyais of variance showed no aignificant

difference, F(1,118) = 1,73381, p = .1906.

Table 27

Adherence to AP Syllabus

Degree of Respondents Student Scores
adherence Number Percent Mean Variance
Not at all o (o] - -
Somewhat 39 32.5 2.60 0.714
Very cloasely 71 59.2 3.23 0.748
Exactly 9 7.9 3.44 0.716
No response 1 0.8 -
Total 120

Queastion 8: How closely do you cover the Advanced
Placement Computer Science ayllabua? See Table 27. The
word cover was used instead of follow to avoid the problem
that somaeone might think we were referring to the ascope and
sequence rather than juatihe ascope of the ayllabus. A
significant correlation exiated between atudent scoreas and
how closely the syllabua was covered (r = .3291, p =
0)., Analysia of variance showed significant ditferencea
between groups, F(2,116> = 7.7174, p = .0007. The
differenceas between atudent scores in the courseas where the

syllabus was covered “somewhat®™ (M = 2.60) and those in

o7
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which it was covered "“very closely"™ (M = 3.23) or

“axactly*” (N = 3.44) were significant at the .05 level.

Factor analyais

A factor analysia was performed on all variables except
the teacher’s minor and the way in which Pascal and BASIC
weare learned. The resulting factors were rotated using the
varimax method producing 13 factors explaining 84.6X of the
total variance. For each factor variablaea were selected
that had a correlation of .35 or higher with the factor
{(Nunnelly, 1967).

The following ia a liat of factora with their
corralated varieblesa.

Factor 1: rating of language proficiency, Pascal
self~-rating, BASIC self-rating, proficiency on 14 selected
topics, years teaching, yearas teaching computing, years
teaching Advanced Placement Computer Science, rating of
question d and yeara of business experience. This factor
accounts for 12.9% of the variance.

Factor 2: rating of questions a, b and d, years
teaching Advanced Plaecesment Computer Science. Thias factor
accountas for 11.7X% of the variance.

Factor 3: student scores, prersquisites, rating of
queations e and £, and rating of helpfulnesa of business
experience. Thia factor accounta for 10.7x of the variance.

Factor 4: coafort level, yearsa since laat computer

course, number of languages teacher underatands and
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proficiency on 14 selected topica. Thias factor accounte for

8.9X of the variance.

Factor 5: number of astudentae taking the Advanced
Placement Examination, number of astudenta taking the
Advanced Placement course and teacher’sas college major. Thire
factor accounts for 7.1X of the variance.

Factor 6: rating of question c, number otf computer
courses taken by the teacher and the number of hoursas of
teacher preparation time. Thias factor accounta for 5.9% of
the variancae.

Factor 7: yeara at preasent achool, uge of Karel
the Robot, atudent acceas to computera, years of
busineass experience and years teaching Advanced Placement
Computer Science. This factor accounts for 5.4X of the
variance.

Factor 8: computer type and rating of helpfulness of
businesq experience. This factor accounts for 4.9 of the
variance.

Factor 9: years teaching and number of computer
courses taken by the teacher. Thia factor accountas for 4.9X%
of the variance.

Factor 10: rating of queastion a and years teaching
computing. Thia factor accountas for 3.5X of the variance.
Factor 11: type of school anda atudent acceasa to
computera. This factor accounta for 3.2 of the variance.
Factor 12: highest degree held by teacher. Thaa

factor accounts for 3.1% of the variance.

Factor 13! prerequisites. Thia factor accounta tfor
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2.7% of the variance.

Based on the results from the factor analysis severail
variables were grouped and a multavariate analysis of
variance was performed comparing each cluater with student
asacores. Four such clusters were used and in no anstance
were the results of the analyses significantc,

One cluater grouped the teacher rating of the level of
diffaiculty of questaions a, b and d. The analyais showeda no
aignificant relation between this cluaster and atudent
scores, (5(85,1,24) =2 1.3504, p = .1957>. Another
cluster grouped teacher proficiency on 14 topice selected
from the ayllabus, years teaching computing and years
teaching the Advanced Placement Computer Science course. No
aignificant relation waa found between this ciuster and
student acores, (F(75,1,31) = 0.7974, p = .755).

Another cluater included teacher praficiency on 14
tapics selected from the ayllabua, yeara teachaing and years
teaching Advanced Placement Computer Science. No
significant relation was found between thia cluater ana
astudent performance, (F(59,1,49) = 1.2681, p =
-191>. A final cluater included teacher comfort leve.
teaching the courase, years since the laat computer course
and the number of languagea undersastood by the teacher. Some
interaction of theae variablea was evident though the
relation was not significant, (F(64,1,47) = 1.5514,

p = .051.



Interpretation of reaults 7

WVhat ia the relationsahip between the number of years
experience a) teaching, b) teaching mathematics and <)
teaching programming or computer science and student success
on the Advanced Placement Computer Science Examination?

Based upon the data of this study the kind of acadamic
preparation that the teacher brings to the Advanced
Placement Computer Science course does not have a
ajignificant bearing on student performance. No atgnificant
relation existas between the teacher’a area of apecialization
(major in college or specialization at the masters level)
and atudent performance on the examination.

Years teaching and years teaching the Advanced
Placement course alao exhibited no relation to astudent
performanca. The majority of thoae teaching the Advanced
Placement course and responding to the quastionnaire were
very experienced teachers and were very experienced in
teaching computing. The atudents of the lesa experianced
teachers did not score lower than the satudentas of the more
experiaenced teachers. One reason could be because the
younger teachers, more recently graduated from collaege, have
more recently taeaken computer acience courses than their more
experiencad colleagues. This exposure to computer science
courses could balance the greater experience. Alsc the more
experienced teachera have used their years of experience
teaching computing as a way of learning the material.

The amount of time teachers prepare each waek for the
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Advanced Placement courae haa no relation to atudent sascores.

One teacher commented that he put in more time the firast
time he taught the courase than he doea now. Thia i1a typicai
of most teachers. No relation exists between the amount of
preparation time and any of the other indicatoras of teacher
experience (yeara teaching, number of graduate credits,
etc.). Buaineasa related experience in the computer field
haa no relation to atudent acores nor doea the perception by
the teacher aa to whether the experience waas haelpful in
teaching the Advanced Placement courase. A delineation of
the type of buasineas experience might provide a relation to
student success.

What does relata to astudent acoreas 18 the highest
degree the teacher achieved, though the area of
apecilization ia not important, and how comfortable the
teacher feala teaching the courase. The higher the degree,
or the greater the number of graduate credita, and the more
comfortable the teacher felt with the mataerial, the higher
the acorea. An assumption could be made that teachers who
attend graduate school are more committed to the profeaasion
and to keeping curraent in discipline and pedogogy. Those
who feel comfortable with the subject convey that feeling to
the atudents and give them a feeling of self confidence.
These factora are thua more important than total years of
teaching experience or the teacher’s area of aspecialization.

The teacher’a level of comfort atema from hia/her
preparation in computer science. Total years of teaching

experience are not important but yeara teaching the Advancea
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Placement course are. The teacher’s perception of his’/her

ability in programming and in the topica in the course helps
in making the teacher feel more aassured. Perhaps this sensae
of confidence ia conveyed to the atudenta and intiuences
their performance on the Advanced Placement teat.

What is the relationship between teachers who do and
teachere who do not attend Advanced Placement Computer
Science workshopa and atudent succeasa on the Advanced
Placemant Computer Science Examination? Whether the teacher
attenda aummer workshopas or not has no relation to student
performance. Thia ia, at firat, curioua because one would
expact any expoaure to the material covered in the Advancea
Placement ayllabus to be better than none at all. It should
alaso bae noted that less than 50X (42X) of the teachers
aurveyed attended one or more workshopa.

Why do the astudents of those attending workshops not
outperform those whose teachera did attend workshopsas? Da
theae workshopas do no good? It ais possible that the
atudenta of teacheras attending workashops were less able to
bagin with than those whose teachers did attend. A more
likely explanation is that those who have not taken a asummer
workahop received the information needed to effectively
teach the Advanced Placement course in other waya. At least
one teacher noted that hia disastrict ran a series of
year-long workshopa to prepare the teachera for the Advancea
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 themselvea ready to
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teach the material. Thuas the amount of expoaure to the

Advanced Placement material will vary, poasibly
aubatantially, from teacher to teacher.

Thoase with a minor or a degree in computer acience
waould probably not find a summer workaehop necesaary. Jonea
(1975> aska from where the teachera of Advanced FPlacement
courses will come. He maintaina that level of competence 1in
high achool teaching 18 not enough to prepare the teacher to
deal with college level materiala. He feela that some
teachera are equal to the task and that perhapa a ‘'‘'asummer’s
recharging' at a univeraity would be wise. Thia advice doesn
not appear to be neceasary in the case ot Advanced FPlacement
Computer Science course. The teachers are seeking and
receiving the information needed to teach the Advanced
Placement course. Some hava the neceaaary backgrouna from
undergraduate and graduate achoola and those without degrees
in computer acience attend more workshopsa.

What is the relationship between the textbooka used in
the course and atudent auccess on the Advancad Piacement
Computer Science Examaination? The type ot textbook used
had no relation to atudent acorea. Thia 1s not unexpected;
the College Board has developed a ayllapbus ana an
examination thst ias textbook independent. The College
Board, in fact, makes no textbook recommenaation to the
teacher in any Advanced Placement ayllab:.

A aurpriaing reault i1a the aheer number, and number ox
combinationa, of textbooka uaed-40 different baoka. Even

more surprising is the fact that almoat 10% of the achoala
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did not use a commercial text. The diversity of textbooks,
and the fact that some teachera uaed personal notes, would
indicate that what textbook(a) the teacher uaseas i1a far leas
important than how the teacher uaes i1t (them). The teacher
ia the determining factor in atudent asucceas. Thia could
mean that though there are a large number of booka in uae
they basically offer the same content or do not differ
enough in their presentation of the material to make a
difference in atudent acorea.

What 4a8 the relationship between teacher trainaing an ay
Paacal ayntax, b) data atructures and c’> algorithms and
atudént succesa on the Advanced Placement Computer Science
Examination? It ia difficult to assesas the level of maatery
teachara had in Paacal, data atructurea and algoritnma
without testing theae areaa. In thia reaearch thia waa
impraotionl,. It was telt that hy gshing the tedschers to
ratae the level of difficulty of queations from the three
main topic areas an indication of theair level of competence
could be obtained. This is not a definitive indicator of
teascher ability. The teacher’s estimate of their own
expertise i1a a better indicator.

Based on the results teachers appear to have a good
underatanding of how their students will perform on data
atructurea type questionas but not on Pasca. or algoritnma
type questions. It ie possible that the coursea that the
teachers have taken stressed data structures more than the
other areaa. It is also possible that teachers find data

satructures more difficult and atresa that area more in their
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teaching. A teacher’s rating of the difficulty of a

queation may not, however, show any re.ation to tne teacners
knowlaedge of that topic.

Though not directly related to this proposai queation,
teacher mastery of other computer languages does relate to
atudent performance. Mastery of other languages implies a
careful analyeis and reinforcement of data structures and
algorithm questions and sclutione. Approaching these
questiona from the perapective of different languages forces
the teacher to be more flexible in thinkang. Thas
flexibility, although not meaaurable, significantiy affecta
atudent performance.

The teachers consider the time teaching the Advanced
Placement course important in their own learning of Pasaca.i.
Thia result pointa to teacher motivation and ainterest as
important factors in atudent performance. Those who have
learned more programming languages cliearly have more tnhan a
pasaing intereat in computers. Thia enthusiaam and interset
is likely paased on to the atudents, i1f only unconsascious.y,
resulting in more atudent intereat and involvement.

What ias the relationship between a teacher's perception
of hia/her proficiency in ayntax, data structures and
algorithmas and hia/her actual training? Teacher perception
of proficiency in Pascal and on the 14 aselected topics fromnm
the ayllabua was an important determiner otf atuaent
performance. It ia to be atresaed that theae proficiency
ratings were not evaluated by an objective opsaerver nor were

they set to objective criteria. Even with much



aubjectivity the teachers who thought themaselvea moat
knowledgable produced atudents with the pesat acores, ana
thoge who perceived themselves least knawledgable haa the
atudents with the loweat acorea. Either the teachersa are
very good judges of their own ability or those who thank
they are good convey that contfidence to their stuaents. lt
ie likely that a combination of these factorae is in effect.

Are there other factors that relate to atudent auccess
on the Advanced Placement Computer Science Examination?
Seveaeral were found that related to atudent succeas on the
Advanced Placement Examination. The type of computer ayatenm
ahowed a amall effect on atudent performance. Thoase usang
Applea had significantly lower acares than those using a
combination of computers or less common systemsa (mainframes,
mini computersas, etc.). It could be that those using severai
types of computers for the course have developed a
flexibility in moving from one syatem to another that thaosge
using one computer do not. Thie fliexibiiity could enhance
atudent problem solving ability, thus leading to higher
acorea aon the examination. Thie aupports the positaion of
the College Board that the purpose of the course 18 not to
train atudents in a particular computer syastem (Garlanda,
1983).

It ia alao important that each atudent have acceaa to
hias/her own computer, or terminal, during the class ana have
a8 much accesa as posasible to computer taime outside ot class
time. This would auggest that schools aeeking to impiementc

an Advanced Placement Computer Scaience program make the
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necegsary flinancial committment to fully fund the course.

This includes hardware and software in sufficient number and
variety to provide each student aufficient accesas. Thias 1s
unlike moast other Advanced Placement programs wnhere the
expenditures are primarily for teacher training and
textbooksa.

It 18 also easentaal that the teacher follow thne
sayllabus set by thevCollege Board. while to some this may
samack of "“teaching to the test' 1t i1ndicates a more focused
approach to the material. The material covered by the
couraae 18 highly concentrated and apecialized. Thaa
focuaing ias important for student aucceaa. Eatabliashing
appropriate prerequiasites i1as somewhat important, though
apecific mathematice prerequisites seem to be leaa important
than several years of mathematica i1n conjunction with some
background in programming. From the reasulta we can conclude
that the Advanced Placement courase ahould not be the tfarast
formal expoaure to computer science or programming. Some
prior expoasure to computera benefita the stuaent.

The factor analysis points to several important,
overall factora. 0One of these coula best be iabeted
‘experience and language proficiency.' This includea totail
yeara teaching experience and teaching computing as well as
self-rated praoficiency in Paacal and BASIC. Another factor
can be labeled 'test queation difficulty." Thia 1incluaes an
eatimate of the difficulty of both data structurea queations
and one algorithms question. A third important factor can

be labeled ‘“teacher comfort." Thia 1ncludea teacher comfort



level, the time since taking the laat computer courae,
number of languages understood and the teacher’a aselif-rating
of 14 selected Advanced Placement topica. A fourth factor
can be labeled "“number of atudenta.' Thia includea the
number of studenta taking the examination and the number of

atudentas enrolled in the Advanced Placement courase.



Chapter V

SUNMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The purpose of thia atudy wes to investigate the
relation between astudent auccess on the Advanced Placement
Computer Science Examination and

- teacher experience,

- teacher attendance at summer summer workshops,

textbooks,

- the teacher’s perception of his/her ability in
computing. *

A questionnaire was constructed covering
teacher-related, student-related and course-related areas.
A pilot study was conducted using three members of the
Advanced Placement Computer Science Committee and fourteen
readers of the Advanced Placement Computer Sciencae
Examination. Based on the results of the pilot study
aeveral modificationa were made to the questionnaire. The
final queationncire was mailed to 203 schools that
administered the Advanced Placement Computer Science
Examination in 1986. Usable responses were received from

120 of these schocols. The sample was randomly selected to

give a stratified sample of the schools that adminiatered

80
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the examination. Because achools where fewer than four

studenta took the examination were not likely to have a
formal courae, these achoocls were eliminated from the
population and were not sampled. The mean score for each
echool was obtained from the College Board and was used as
the measure of student auccesa.

Pearson correlation coefficients were calculated
comparing the mean acorea of the atudents with the other
variablea. One-way analysea of variance, uaing the Tukey-b
multiple comparison test, wera also perforsed. A factor
analyaia was performed uaing the varimax rotation and Kaiaer
normalization methoda. A multivariate asnalyasis of variance
waa porformed using several cluatera obtained form the

factor analyaia.

C usiona

Thirteen factora proved to be related to astudent
performanca on the Advanced Placement Computer Science
Examination. These fall into two categoriea: teacher
preparation factora and atudent factora. There were
significant relationa between atudent performance and
teacher’a evaluationa of four of the aix examination
questiona. It appearsa that teachers nead to have a good
aense of their atudenta’ capabilitiea and that they be good
Jjudgeas of queation construction and level of difficulty.
Thia undoubtedly comesa about through experience.

Teachers muat poasseas some minimum amount of knowledge
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to teach the Advanced Placement Computer Science course.

Precisely what this minimum preparation 1s or how 1t i1s
acquired is not at all clear. Thoae teaching Advanced
Placement Computer Science are learning the needed materiail
from many esourceas. Though no one mode of teacher
preparation is significant, it 18 likely that the varied
waye the teacher has learned makes the teacher more flexible
and open in hie/her approach to the materaial. Thas
flexibility may make the teacher a better problem solver ana
may serve as a model of flexabilaty for the students. The
ways the teachera have learned the material include college
coursea, self ainstruction, workshopas and on the job
training, that ia, teaching the Advanced Placement courae.

Students need accesa to computers to aucceed in the
Advanced Placement Courae. Ideally the studenta should have
unlimited access and should not have to share computer time
with & partner. The College Board recognizes that for some
atudents the Advanced Placement Computer Science (Courase 1is
the studenta’ firat exposure to computer acience (Brasweli,
1984). This atudy shows those students who have had at
least one course in computer programming have an advantage.

What textbook(s), 1f any, were used proved unreliatceda to
student success. It is likely that several factors are at
work. Because of the highly saspecitfic aylliapus ana the
relative newneass of the course 1t 18 possible that no one
book encompasses the course to the level or depth :equired
by the asyllabus. This could explain the large number of

combinationasa of booka uaed. It 18 also likely that because



of the newneaa of the course teachersas are willing to extend
themselves to make up for the lack of atandardized
textbooksa. It 18 likely that booka for the Advanced
Placement Computer Science Course will proliferate as they
have for calculuas. These booka will be asingle volumes
incorporating the complete content of the Advanced Placement
Computer Science Courae. If the standardization in computer
science, at leaat at the beginning college level, occuras it
will facilitate development of thege all in one booksa, just
aa has occurred in calculus.

Several findings proved to be surprising. Whether
teachersas attended summer workashopa showed no relation to
student success on the Advanced Placement Examainastaion.
Studenta whoase teachera attended aummer workshops did not
enjoy an advantage on the examination over those whoae
teacheras did not attend these workashope. Une would expect
that expoaure to material aspecirfically involved in the
Advanced Placement courase would enhance teacher
effectiveneaa. Aleao surprising was the lack of a relation
between the teacher’s area of aspecialization and astudent
performance. One might expect mathemsticse ana science
majora to produce the beast atudenta. This 18 not the case.

The literature 18 inconsiastent in anaswering the
question of whether teachera make a difference i1n atudent
outcomes. The reasearch specaitic to this atuay examines a
much more aharply delineated area of atudent performance
-than previous astudiea. The Advanced Fiacement Computer

Science couree ia highly saspecific in its content. The
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College Board maintains that this can be the firat course in

computer acience. Thua for many atudents this 138 the fairst
exposure to programming and computer science. Unlike other
advanced placement courseas they may take tnis course without
any prior experience in its content. This 18 analogous to
taking Advanced Placement Mathematics without a previous
mathematica course or Advanced Placement french without a
previoua French course. Thus the resuits ot this study are
apecific to the Advanced Placement Computer Science course
and may not transfer to other aspecaific courses or to
learning in general.

Does this mean that those with no background in
computer acience can teach the Advanced Placement coursert
Certainly not. The whole area of personal computers is
relatively new, and the proliferation of the technology haa
been very rapid. Thoase who do not nave computer acience
degreea have probably been drawn to thia field pecause of an
intense interest i1n computers regardiess of their tormais
training. They probably found they had an ability working
with computers. Thas i1ntereat has perhaps motivateda them to
seek the information needed to teach thias course.

Paramount in producing successrul computer science
atudents ta the teacher. What 18 also important i1a the
teacher’a perception of hils or her abilities in computer
aclrence.

Why i1a teacher background not a better i1ndicator of
atudent performance on the Advanced Placement Computer

Science examinaton? 0QOne possibility i1a that aschooia where
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three or fewer students took the examination were excluded

from the atudy. The reason for thia waea that few of theae
schoolsa conducted a formal class for Advanced Placement
Computer Science. If these studenta had formal claasroos
inatruction student performance might be more closely
related to teacher background. In a amall group tha teacher
influence could possibly have greater impact on student
performance than in a larger group.

Another reason the relation between teacher background
and student performence ia not atronger could be due to
“*computer hackers'" in the class. Theae individuals acquire
vaat 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 comea to computers, they
might have been influenced very little by the teacher in the
Advancad Placesment Computer Science course. Their scores,
included with the other student’s scores, may have altereaed
the asignificance of the atetistica. Thus, a teacher effect

might be present but ia masked by the "“hackera".

Recommendations

Tha four moat importent recommendationa to improve
examination acores would be to caver precisely the Advanced
Placement Computer Science ayllabus, to provide enough
computers so thet all atudenta could have as amuch access
outside the course time as thay wished, to make sonme

programming a preraquisite for the Advanced Placement course
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and to have teachera who feel comfortable teaching the

course. The second set of recommendations would be to nave
teachera who are proficient in Pascal and 1n the fourteen
topica selected from the Advanced Placement ayliapus anda
teachera who know at least four computer languagea. The
teachera sghould alao be experienced in teaching computing.
Each atudent should have aole use of a computer during
clasaroom inatruction. Laatly, achoola should equip the
computer lab with a varitiety of hardware and asoftware options
for students. Thia fosters flexibility and may enhance
problem aolving.

There are a number of atudieasa that can pe done in i1ight
of thia research. A more detailed study of the aifferences
between summer workahopa should be undertaken. c£xactly wnat
material they cover, the aequencing of topica, how weli the
teachera attending theae workahopsa perform and the type oz
computaera used could be compared with how the atudenta or
thease teachera perform on the Advanced Placement
Examination. Thia might ba beat accompliashed aa a amaii
scale clinical atudy.

A detailed examsination of teacher proficiency in
computer science could be carried out. Thias coulda be done
aa a clinical atudy or large acale testing of the Aavancea
Placemaent Computer Science teacheras. These reaulitas wouia be
intereating i1in themaelvea, but could be comparea with
astudent performance on the examination. Une woaulid aaaume
that all the teachers have at leaat some minaimum leve. oz

knowledge in the asubject but do those who are more
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knowledgeable produce atudenta who acore better?

A more thorough atudy of prerequisites for the Aavanced
Placement course could be completed. This woula i1nvolive
examainaing not juat what courses are required as
prerequiaitea but also the sequencing of the couraes at each
scheool. The content of these courses could be examined by
reviewing the ayllabi for the prerequisitea.

Thia atudy indicatea that teachera with more experience
teaching the Advanced Placement courae produce better
atudent acores. Overall teaching experience doea not ahow
the same ralation to student ascoreas. QOver time will thoae
teaching the Advanced Placement course plateau as the
newnaeaa of the course weara off?

Another queation involves funding tfor the Aavancea
Placemaent Computer Sctitence Course. Do those achoois
apending more on hardware and software produce atuaents witn
better acores? What correlation exists between student

acores and low versus high socio-economic districtar
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Appendix A

COMPARISON OF SCHOOLS AND STUDENTS 1IN THE STUDY WITH ALL
SCHOOLS IN THE POPULATION

A B c D E
45-40 2 0.49 0.26 0.13
39-35 i 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 0.52
19 2 0.99 .16 0.58
l8 i 0.49 0.64 0.32
iz 3 1.48 2.54 0.78
16 2 0.49 1.28 0.65
1S 3 1.48 1.67 0.84
14 S 2.46 2,57 1.30
13 7 3.45 3.59 l1.82
12 9 4.43 4.75 2.40
12 8 3.94 4.24 2.14
10 13 6.40 7.06 3.57

9 15 7.39 7.83 3.96
a8 12 8.37 8.09 1.09
? 22 10.84 10.78 5.46
6 24 11.82 11.30 5.71
S 30 14.79 l14.12 7.14
4 34 16.75 15.66 7.92

A students per aschool

B number of schools in study

C X of achools in atudy 203

D X of schools with »>=4 astudents 779
E X of all US achoola 1541
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A B
45-40 45
39-35 35
34-30 32
29-295 26
24-21 46
20 40
19 38
18 ls8
17 S1
ie 32
15 45
14 70
13 91
12 108
12 a8
10 130

9 135

8 136

7 154

6 144

S 150

4 136

atudents per achool
number of students in atudy
totel students in US sasc
% of students in atudy 1750
studenta in achoola >=4 studenta

X of
x of

atudents in all US

a8
108

93
130
179
i1e60
171

90
204
160
19S5
280
364
444
363
550
S49
504
588
528
550
488

2.58
2.00
1.83
1.49
2.63
2.29
2.17
1.03
2.91
1.83
2.57
4.00
5.20
6.17
S5.03
7.43
7.72
?2.77
8.80
8.23
8.97
?2.77

hoola 8047

achoolas

8047

6786

1.30
1.59
1.37
1.92
2.64
2.36
2.52
1.33
3.01
2,36
2,87
4.13
S.36
6.54
5.35
8.18
8.09
7.43
8.66
7.78
8.18
7.19

1.09
1.34
1.56
1.62
2.22
1.99
2.13
1.12
2.54
1.99
2.42
3.48
4.52
S5.52
4.51
6.83
6.82
6.26
7.31
6.56
6.83
6.06
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APPENDIX B

INITIAL QUESTIONNAIRE

S..

6.

7.

a.

9.

10.

1.

i2.

13.

14,

15.

16.

What computeri(s) do you us® to teach Advanced Flacemert Computer

Science (if micros, how many)?
In what type of school are you taachings 1-urvan, Z-suburpan or
3-rural?

During your Advanced Placemant Computer Science class how many of your
students are there per computer?

Do your students have access to computers cutside of class time?
yes, how much time?

How many ‘..PI have you been in the school whore you are teaching the

If

ARdvanced Placemant Computer Science course?
How much preparation time Lineludtgg correcting proernms, but not on
the computer) do you speng on the vansed Placement Computer Science

course?

On a scale from 1 to 35 (1-not at all, S—-exactly) how closly do you
Yfollow the Advanced Placesment Computer Science syllabus?

In samesters (2 per year). how long is your Advanced Placement

Computer Science course?

What was your class size in
1985-86"7

What are Eour prar
Advanced Placemant

wWhat rcent of the year do
The Pascal language
Data structures
Algorithms

uisaites
oMputer

Do you use the 'Karel the

Which text(s) do you use?

Robot*
during the year and for how long

Advanced Placemant Computer Science ouring

(if any) for the students snteraing your
Science course?

you spand ons

program i1n your course?
(in weaks)?

If so, when

How many summer workshops dealin
Science course have you attended

with the Rdvanced Placement Computer
List where you attended.

What percent of the workshop was spant on (if more than one worksnop
give percents for each workshop seperately):

the Pascal language
data structures
algorithms

Listed are some of the topics from the Ravanced Placemant Computer

Science Course Description.
weaks) on sach topaic.

Local/
Parameters

Recursion

Linear structures
Tree structures
Searching

Sorting _
Numerical algorithms
Computer systems
Social implications

lobal identifiers

Indicate how much time you spend (1n
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19.

20.

a1.
22.
23.
24,
23.
26.
az.
28,

29.
30.

3l.

33.

96

Nn a scale from 1 to S5 (1-not at _all, S-very) how comfortable are you
teaching the Rdvanced Placement Computer Science course?

Highest d.gron you attained:
BRA or BS

BA or B8 + 135 graduate credits I
BA or B8 + 30 graduate credits o -
Masters degree —————
Masters degree + 15 additional credits o
Masters degree + 30 additional credits ————
Doctorate : — -

What was your major field in college (if ‘education', list the area of
education in which you specialized, 17 any)?

What was your minor field in college (if 'education’', list the area of
esducation in which you specialaized, if any)?

If you have a masters degree (or higher) what was your major field (if
'education’, list the area in which you specialized, 1f any)?

How long .,o was the last computer programming or computer science
course? /8. 1, 1 1/2, 2 or more than 2 years.

Have you had any business related computer experience (programmer,
systems analyst, etc.)? For what period of time?

On & scale from { to 8§ (1-not at all, S5 very much) how much has this
helped you i1n teaching the Advanced blacon.nt Computer Science course?

How much leisure time do you spend using the computer?

Did you teach the Advanced Placemant Computer Science course at your
present school in the 1985-86 year?

How many years have you been teaching (not including this year)?

How rgny years have you been teaching grogramming (not including thas
year . .

How many years have you been teaching computer science, including the
ARdvanced Placemant Computer Science course (not 1nelud1ng this year)?

How many computer programming or computer science courses have you
taken? List them.

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, 1987

Dear Colleague,

1 need your help in completing & research project
conducted in conjunction with Teachers College, Columbia
University and The College Board. 1 am gathering data
concerning Advanced Placement Computer Science teachera and
their studenta. Your achool ia one of 203 aselected for this
national study, and 1 would greatly appreciate your time and
effort in completing the encloaed quaestionnaire. It will
take approximately twenty minutesa to complete.

If you did not teach the Advanced Placement Computer
Science course at your present school during the 1985-86
school year, please paas this on to the person who did. 1£f
the peraon who taught the AP Computer Science course during
1985-86 is no longer at the achool, do not fill i1n the
questionnaire. Simply return it.

In £filling out the gquestionnaire, please keep in mind
that all questions pertain to 1985-86, so you may need to
jog your memory.

Please return the completed queationnaeire by March 25.

Thark you very much for your valuable help. If you
have any queations, my phone number ia 201-692-90%59.

Sincerely,

Andrew J. Guzo
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2.

4.

S.

6.

7.

Did anyone, besidas yourself, tsach the
Advanced Placesant Coaputer Science
course at your school in 1983-86?

£ YES

{31 N0

WVhat computar(as) do you use to tesach
Advanced Placsaeat Computer Science!? -
1 Apple 11

) Naclntoash

) 1BN PC

3 TRS-80

J Comsodore

1 Other

- PR N P e ™

During your Advanced Placesent Coaputer
Science class how aany of your atudents
are there per coamputer?

{ ] 1 per computer or taerainal

{ ] 2 per computar or tarainal

[ ) other, specify

In wvhat type of schocl are you teaching?
{ 3 Urben { ) Private
{ 3 Suburden ( ) Public
t 1 Rural

What fraction of the sdvanced placesent
class had saccess to coaputers outside
your class time?
£ ) lesas than 10%
10%x-23%
26x-50%
Sin-75%
sore than 73%

" N m N
ot b b b

How many years have you been in the
school vhere you sre tesching the
Advanced Plsceaent Cosputer Science
course?

6-10 yeoars
]} more than 10 years

How auch preperation tise did you apend
(par veslt) during 1983-86 on ths Advenced
Plecesent Coaputer Science course?

{ ) leas then S hours

{ ) 6-10 hours

) 11-13 houra

{ ) more than 19 hours

8.

10.

1.

12.

13.

i4.
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How closely do you cover the Advanced
Placezent Computer Science syllabus?
not at sll

sonevhat

very closely

exactly

e
- b b

How long is your Advanced Placeaent
Coaputar Science course?

{ ) 1 senester

{ ) 2 sanesters

£ ) 3 aenestars

Vhat was your total nuaber of students in
Advanced Placesent Coaputar Science
during 19835-086?

WVhat are your aath prerequisites for
studenta entaring your Advanced Placement
Computer Science course? (Check all that
apply?

none

Algedbra 1

Algebra IIX

Geonatry

pre~Calculus

Calculus

other (specify)

PN PSP
- Wd b od b W

Do you use the "Karsl the Robot® program
in your course?
(] yes, for about
) no

psriods

Vhat are your primary textbooks?
Title Author

How many susaer vorkshops dealing with
the Advanced Placssent Coaputer Science
course have you attanded? List where and
vhen you attended.
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15. Rate your proficiency in the following
languages and topics
1-none
2-fair
3-good
4~-excsllient
and indicate how you learned esch
1-college coaputar course
2-sunaer Advanced Placesent
Coaputer Science vorkshop
3-self taught
4~own Advanced Placerent Coaputer
Science teaching

PROFICIENCY HOW
LEARNED

Pascal

BASIC

FORTRAN

COBOL

Nachine language
(specify systen)

c

APL

Other (specify)

Local/globgl identifiers
Paranetears

Parsmeter passing
Recursion

Linear structures
Tree structures
Linked atructuras
Seerching

Sorting

Numericsl algorithas
Computer syateas
Social iaplications
Records

Prograa verification

Computer Science test questions from the emtire {984
fdvanced Placemnt Cosouter Sciemce Exasination and Ney
wr/ript © 1985 by College Entrance Examination Board,

A1) rights reserved, Reprinted by persission of Educational
T:::m Service, the copyright holder of the sample
questions.

99



)

a4)

Consider the following poorly
foraatted Pascal prograa frageent.

if A=?7 then if C=6 then begin C:=9;
D:=9 end else begin T:=10; if Cs=6
then C:=3 end else P:=9

1f A=7 and C=6 before the fragaent
is axacuted, which of the following
indicates the values of A,C,D,P, and
T after the fragaent is executed?
{An undaterained value is indicated
by a queations merk.)

A) A=7, C=9, D=9, Pe?, T=?
B) ‘.7. CIS. D.?' P-?' Tel10
C) A=7, Cs6, D=?, Pa?, T=?
D) As7, Cs=S, D=9, P=?, Ts10
E) A=7, C=6, D=?, P=g, Ts?

Rating 1 2 3 4

Suppose Listl and Liat2 are pointers
to the firat nodes in each of tvo
linked lists, end q points to sone
node in the first list. The initial
segnant of the firast list, that \{s,
sll nodes up to and including the one
pointad to by q, is to be removed and
thia segment put onto the beginning
of the second liat while the order of
the nodes in the initiael segment ia
meintained. If neither q nor Listl
is nil, then this task ia correctly
perforsed by which of the following
progras segaments, vhere p ia the
pointer?

I. qt.Link:=Liat2;
Liat2:=Liatl;
Liatli=qf.Link

II. wvhile Liatl¢>qT.Link do
begin
pieliaty;
Liati:sLiati*.Link;
pr.Link:sLiast2;
List2:e=p
end



172,

i8.

19,

21.

23.

How comfortable erae you teaching the

Advenced Placement Computer Science

coursa?
{ ) not at all

only s little comfortable

only & little uncoafortable

very coafortable

d d b P

t
{
t

Higheat degree you attained:

[ ) BA or BS :

{ ) BA or BS + 15 grad. credits
() BA or BS ¢+ 30 grad. credits
{ J Maaters degree

[ ) Nasters + 1S add. creditas

( ) Maaters + 30 add. credita

[ ) Doctorate

What vaa your major field in collaga (if
‘education’, liat the ares of education
in vhich you specialized, if any)?

What wvas your minor field in college (if
‘education’, list the area of education
in which you specislized, if any)?

If you have a mastera degree (or highar)
vhat wvas your major field (if
‘education’, list the area in which you
specielized, if any)?

Hastars
Doctorate

How long ago wvas the last computer
prograsaing or coaputer science course?
3 I have taken none

1/2 year

1 year

1 1/2 years

2 years

acre than 2 years

" Py N PN s
d fuf Gl ol

Have you had any business relatad
coaputer experience (programser, systams
analyst, etc.)?
{1 yes, for_
{1 no

———y 888

24,

28,

29.
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If you ansvered yes to question 23, ho
auch has this helped you in teaching t
Advanced Placement Coaputer Science
course?

not at all

ainimally helpful

soaavhat helpful

very helpful

" N N ™
Sl At

How many years have you been teaching
(not including 1986-87)>7

How many years have you been teaching
computing (not including 1986-8737

If you do not have & degree in computer
science, how many computer prograaming
computar acisnce courses have you taken
Liat thea.

Hov many years have you taught the
Advanced Placeasnt Computer Science
course (not including 1986-87)7

{11 year

(] 2 yesrs

] 3 years

Do you own your own coaputer?
() yas
{ ) oo
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APPENDIX D

FOLLOW-UP COVER LETTER

173 Larch Ave.
Teaneck, NJ 07666
April 11, 1987

Daar Colleague,

I have not yet received the questionnaire I aent to
you.

I atill nead your help in completing this research
project. I realize that the questionnaeire may have bean
loat in the mail or in the shuffle of all the paperwork
required by schools these deays. DBecause of the carefully
selectad sample it is imperetive that I get all of the
queationnaires back. I know your time is very valuable, but
please take the twenty minutes to complete the
questionnaire. If you heve already mailed yours, thank you
very =much.

If you did not teach the Advanced Placement Computer
Science course at your present school during the 1985-86
school year, please pass this on to the person who did. If
the person who taught the AP Computer Science course during
1985~-86 is no longer at the achool, do not £fill in the
questionnaire. Simply return it because it ia important
that I account for all the questionnaires.

In £filling out the questionnaire, please keep in mind
that all questions pertain to 1985-86, so you may need to
Jog your memory,

Please return the completed questionnaire by April 21.

Thank you very much for your valuable help. If you
have any queations, ay phone number ia 201-692-9059.

Sincerely,

Andrew J. Guzo
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APPENDIX E

LETTER FOR INCOMPLETE TEXTBOOK INFORMATION

173 Larch Ave.
Teanack, NJ 07666
Faebruary 8, 1988

Dear Colleague,

Laast Narch or April you assiated me in a resaearch
project by filling out a questionnaire. Thank you again for
your help. One of the gqueationa involved the textbookia)

you usaed in the Advanced Placaemant Computer Science courae
in the 1985-86 school year. You listad as a textbook:

Computer Programming A First Course
by Miller & Miller

Unfortunately I cannot find this book liated in
Books In Print, and I need a complete citation
for this book. 1 would greatly appreciate your help in
filling out and returning the enclosed poatcard.

Thank you very much for your valuable help. If you
have any questions, my phone number ia 201-692-9059.

Sincerely,

Andrew J. Guzo
co.plet‘ titl...........’...........'Il..l..l..l..l.
Authar‘.)-‘.......‘..-..I-..I.....l...’........l....
Copyright.cccescscanee

publlaher.......o.ll....l..apcu....a....l.l.'au..lcnl
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APPENDIX F

SUMNER WORKSHOPS ATTENDED BY TEACHERS

# timeas
indicated

Workshop
Location

Arizona State Univeraity

The Bishop’a School

BOCES

Boston Universasity

Boulder Colorado

Brigham Young Univeraity

Caldwell College

Carleton Collage

Carnegie Nellon Univeraity

Colgatae Univeraity

Earlham College

Eau Gallie High School

Fresno State Collage

Friends of 27

Gonzaga University

Wooda Cross High School

Hamline University

Harvard

Kant State Univeraity

Lake Foreat Collage

Nanhattan College

Phillips Acadeamy

Rensselaer Polytechnic
Inatitute

Rutgers University

Salem College

Southern Nethodiat Univ.

The Taft School

Teachers College,
Columbia University

The Citadel

UCLA

University of Alabama

University of Naryland

University of Massachuaetta

Univeraity South Carolina

Utah Stete Univerasity

Western Caroclina University

Winthrop College

PURPREBRPPORPRPREBARNRERRERNBPNNRN

OB RN

NRNRPRPNPBNRR

Tempa, A2

La Jolla, CA
Nassau County, NY
Boaton, MA

Provo, UT
Caldweall, NJ
Northfield, MN
Pittaburgh, Pa
Hamilton, NY
Richmond, IN
Melbourne, FL
Fresno, CA
Boston, MA
Spokane, WA
Wooda Crosa, UT
St. Paul, NN
Cambridge, MA
Kant, OH

Lake Foreat, IL
Bronx, NY
Andovaear, MA

Troy, NY
New Brunawick, NJ

Dallaa, TX
Watertown, CT

New York, NY
Charleaston, SC
Loa Angeles, CA
Tuscaloosa, AL
College Parik, MD
Amherst, MA
Columbia, SC
Logan, UT
Cullowhee, NC
Rock H4il1ll1, SC
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APPENDIX G

TEXTBOOKS USED BY THE SCHOOLS IN THE STUDY

Thae number in parenthaesias following each citation indicatea
the number of schoola using the taext.

Aho, A., Hopcroft and Ullman., (1982) Data Structures and
Algorithma. Reading, MA: Addison-Weslay. (1)

Austing, R.H., (1985) Adyanced Plecement Toat in Computer
Science. New York: Arco. (2)

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

Cooper, D. and Clancy, M., (1985) 0Oh! Pascal. New York:
Norton. (18)

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

Dalae, N.B. and Orashalick, D.W., (1983) Introduction to
Pascal and Structured Desiqgn. Lexington, MA :Heath.
(S52)

Dennia, T.L., (1985) Apple Pascal: A Problem-Solving
Approach. St. Paul, NN:Weast Publishing. (1)

Downing, D., (1984) Computer Proqramming in Pascal the Eaay
Way. Hauppauge, NY: Barrona. (1)

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

Gilbart, H.M. and Larkey, A.l1., (9184) Practical Pascal.
Cincinnati: South-Weatern. (1)

Graham, N., (1982) Inptroduction to Computer Science: A
Structured Approach. St. Paul, MN:Weat Publiahing. (S)

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

Gragono, P., (1984) Progamming in Pascal. Reading, MA:
Addison-WVesley. (1)

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

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

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

Koffman, E.B., (1985) Problem_Solving and Structured
Programming in Pascal. Raeading, MA: Addison-Wesley. (4)

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

Nandell, S. and Mandell), C. (1985) Computer Science with
Paascal for Advanced Placement Studenta. St. Paul, MN:
West Publishing. (10>

Mazlack, L.J., (1983) Structured Problem Solving with
Pascal. Boston: Holt. (1)




¥iller, P. and Miller, L., (1986) Proqramming by Deeign- A

Firat course in Structured Progqramming. Pittaburgh:
Carnegie Publishing. (1)

Miller, P. and Miller, L., (1986) Computer Programming: The
First Courae. Pittaburgh: Carnegie Publiahing. (2)
Moll, R. and Foleom, R., (1985) Apple 11 Ineatant Pagcal: An

Introduction to Proqramming. Boston: Houghton Mifflin.
1>

Naps, T.L. and Singh, B., (1986) lIntroduction to Data
Structure with Paaecal. St. Paul, MN: Weat Publiahing.
1>

0’Brien, S., (1987) Turbo Pascal: The Complete Refereaence.
Naw York: Qaborne-McGraw. (2)

Pateraon, J.L and Silberachatz, A., (1983) QOperating Syatema
Concapts. Reading, MA: Addison-Wealey. (1)

Pattia, R., (1981) Karel the Raobot: A Gentle Introduction to

the Art of Programming. New York: Wiley. (8)
Prealey, B. and Corica, (1986) Guide to Programming in Apple
Pascal. Lawrenceville, NJ: Lawrenceville Presa. (1)
Savitch, W.J., (1984) Pascal: An Introduction to the Art and

Science of Proqramming. Nenlo Park, CA:
Benjamin-Cummings. (3

Schneider, G.N. and Bruell, S.C., (1981) Advanced
roqranm and Problem Solving with Pascal. New York:
Wilay. (2)

Schulman, et al., A.P. Review. (2)

Sedgawick, R., (1983) Algorithma. Reading, MA:
Addison-Wesley. (2)

Standiah, T.A., (1979) Data Structure Techniquesa. Reading,
MA: Addison-Wesley. (1)

Tenenbaum, A. and Augensastein, N.J., (1986) Data Structurea
Using Pascal. New Yaork: Prentice Hall. (6)

Trambley, J.P. and Bunt, R.B., (1980) An lIntroduction to
Computer Science: An Algorithmic Approach. New York,
McGraw. (20

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

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

Walah and Elder, (1982) Introduction to Pascal, 2nd Editaion.
New York: Prenticea Hall. (1)

Wirth, N., (1976) Algorithma + Data Structures = Programs.
New York: Prentice Hall. (1)

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

BREAKDOWN OF BACHELORS AND ADVANCED DEGREES

Bachelor Daegraaa » % of reapondenta (124)
Accounting 1 0.81
Architecture 1 0.81
Biology 6 4.84
Buaineas 2 0.81
Business Adminiatration 1 0.81
Chemiatry S 4.03
Education 2 1.61
Elactrical Eng. 2 1.61
Engineeaering 1 0.81
English 4 3.23
German 1 0.81
Health 1 0.81
NMathematics 71 57.26
Math Education S 7.26
Applied Mathematics b 0.81
Nuaic 2 0.81
Philosophy 3 2.42
Physical Education 2 1.61
Physics 7 5.65
Political Science b 0.81
Paychology i 0.81
Scienca 1 0.81
Speech 1 0.81

Naaters Dagrees » X of reapondenta (99)
Adminiatration 3 3.03
Biolaogy 2 2.02
Buainesa 1 1.01
Businass Adainiatration b 1.01
Chemiatry b 1.02
Computer Education 2 1.02
Computer Science 10 10.120
Education 9 9.09
Engineearing b 1.01
Engliah 2 2,02
Library Science 2 1.01
Mathematica 33 33.33
Nathematica Education 22 22.22
Applied Mathematics 2 2.02
Music 1 1.02
Phyaical Science 1 1.01
Phyaica 2 2.02
Political Science 1 1.02
Science 4 4.04
Special Education 1 1.01



