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“" STIVN m.f
_ This study invesitgated the Logo programming of 20 grada 6
'-'students in 3- Edmonton schools. ‘The maJor purposes of the study were -
“to identify and classify the bugs present in the Logo work‘of
students identify the strategies that students used to debug Logo
’programs, and describe the attitudes of students towar% bugs.

P

Data were collected through the observation of individual |
students and’ took place during January and\\ebruary. 1985. Students ’
‘ chosen by ‘the teachers as representative of their: classes in ‘regards -
to Logo. programming exhibited a fairly wide range of programming

p ability. -Actual programming assignments observed were those given by

" the teacher 3 2 part of the ongoing program..

R

Each of. the 20 students involved in the study was observed an
'average of. 4 times, with an average total observation time of 2 hours

per: student. Each student was also involved in a preliminary

l% aéquainting session and culmination questionnaire and tape recorded

,interview sessions. During the observations, extensive notes were.

B taken. disk files kept, and tape recordings made where possible.  The m
_ notes taken included the actual input students were entering at the

‘computer keyboard the comments made and actions observed, and

‘ fnotations about attitudes evident Log motes were also kept.

A total of 528 bugs were recorded and_ classified into 8
categories. The categories (showing frequency) of bugs were dimension
(31%), ateralization (18%). omission (14%), orientation (13%).

- locating. origin (9%), syntax (51), excess (3%), and miscellanéous bugs
(7%). The 1206 identified strategies, grouped under 14 headings uere" ’

v



A i '
guess Iﬂd check (41%), cbserve and chenge (), lmnediete node (9%),

“Tglear screen and start sgafn (88), pnymﬂ mm (3}, detete and
| stert again (5%), fol Tow pettern (4%). search Msting (3&). error -
messepes (2%). slqullfy (1. 5%). seek lnfornotlon (II). chenge plen of? ,

epproech (1%), ebendon or chenge tesk (0 5%). enq nﬂscellcneous 2 i

strategies (5%). . , ,_

Sone bugs were eeslly corrected. takdng only one ettempt. whlle “
others were dlffl ult and time consunlnq. requlrlng severel ettempts ,e
end the use of se erel stretegles. Leterellzetlon bugs uere the L“
eeslest to debug, unile locettng ortgin hugs uere the- herdest. Ihose;

” students considered to be more advanced prograemers vere-also those
who used a widef erlety of debugglng strategies. L !

' Asslgnments iven to- students were fatrly open. ended and: resulted
in a-ujde rengekof completed projects. thtle.evidence of detalled | 1
fplenning prlor to keyboard work, or lqoklng back . to refﬁne a prodedureﬂv
or make it more e ficlent wes noted. Except for some’ note ‘taking, a
few diagrams draun, end the use of a physical referent, students
worked without th% use of concrete elds. L : V

Attitudes, as 1ndlceted by the responses to the edepted Nyberg
an&-Clerke (1979) attltude scales and the observatlons endslnteruﬂeus

by the researcherp ranged from positlve to very positive. Althoegh
'some’students indicated they did not llke bugs, tasks: were handled
.wlth much perserverence and llttle sign of frustretlon.‘\iﬁﬁndonment )

of task occurred onlu\;\tlﬁis\in,al observation sessions, 1nd1ceting a
‘strong commltment to the completlon of tasks end the chellenge of

| ~debugging.
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CHAPTER I

THE' PROBLEM AID THE NATURE OF THE . INVESTIGATIUN
“ .

1
o
<o

Introduction A

“Now\I know what it_means-to learn‘from my.mistakes!?

i S - Sara, 8 years oldnf

' The impact of the computer as a tool in our society has resulted
N in the 1nclusion of computers in many ‘of our schools. The GoVernﬂént

;of ATberta (1983) has prepared the Curriculum Guide for Elementary :

_cOmputer Literacy and _many - schools- haze implemented a computer

lTiteracy program. The computer is also being ysed extensively for

‘computer assisted 1nstruction. uLogo. a computer language, has become

~increa51ngly popular in elementary Schools. This is evidenced by the

' appearance of Logo programs at the 46cal student computer fair, the

)

: -scheduling and conducting of Logo teacher inservice sessions the .

.proportion of Logo se551ons at recently scheduled conferences, and the'.

large number of Logo articles and books that are’ currently being N
published._ | "

Logo has -a number of characteristics, such as 1ts graphics
;qualities, 51mple commands and’ user control which have been
.-influential 1n ltS impact on the elementary school classroom. Logo is

referred to as a “no threshold no - ceiling language. It is very easy
for young children to become 1nvolved in Logo programming, but Logo y

also provides challenge and stimulation to the advanced progranlner.



, Progrcuning in Logo may be Tikened to cj;“A‘y;gnio English

although the final product may be graphic rather ::un textuai since
the graphics part of Logo is presently more poﬁﬁiir th our olouentary

| schools. Even as children have errors in their creative writing. they

have errors in their Logo conputer programs, Editing a Logo orogran

to remove the errors, or bugs as they are called. in couputer :

teruﬂnology. is a very iuportant step in progrcuning, and often takes

place right along with the prograa developuent. Students often write

a section or module of a program. test {t, and then debug. This
editing, or debugging, requires the inp]anentation of 2 nuuber of ’

| strategies. since a variety of bugs occur. Because this is an

'important and pouerful aspect of cooputer uork with children, it has

| become the focus of this- study. The opening stateuent by Sara e ‘LQ
,stimulated a desire to know more about the errors chiidren make and |

how they go about correcting them.

| The Purpose of the Study - ;;'; e
The central obJecti e of this euplorotory study was to exanine
_the nature of students debugging of tneir conputer prograns uritten

in Logo..

programs, ud

:
_“!\"c,‘-s\. RN

' 3. to describe the attitudes of . students touardfbugs, N



e ) . o . . ' L
o SRR Ry

o Raviou of the Related Literature
The discussion of the related literature is divided into three
| categories. Since ‘there has been little research in the area of bugs
students encounter and the debugging strategies they use when
programming in Logo, the first category deals with the identification
of types of bugs and debugging strategies discussed in computer |
literature not specific to Logo. The second category revieus the
li;erature relevant to bugs and debugging strategies’ Specific to Logo. "
The third category deals with the attitude of students in relation to
debugging in Logo. o S g . i:g
Types of Bugs and nebuggﬂng Strategies Not Logo Specific
‘ Debugging, which is éﬁ; focus of this study, is one of the ,
activities of a programmer included in Shneiderman S (1980) list of
programming tasks.. He describes debugging as a “difficult task, which
"is best avoided“ (p. 46) A bug-free program is most often the resultb'
- of debugging and seldom the result of a program without bugs in the
initial writing. Bruce (1980) states that experience brings wisdom,
173but it only rarely brings perfection, oldtimers who have been
;?pregramming since the days of the first UNIVAC still manage to commit -
errors in their programs and wind up on a bug hunt* (p. xiv).
Host writers classify bugs according to type. Shneiderman (1980)
uses a syntactic/semantic model. He refers to syntactic errors as -
~ those related to the syntax of the. programming language, while
semantic errors ‘are those of design or composition. Since syntactic
'lfjerrors are detected by the language compiler they'are not as serious a

problem and are more-easily corrected. Semantic bugs are more
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* 'difficult to detect in the output. more difficult to pinpoint within
 the probran. and often more difficult to correct.
ln their description ofDdebugging. Cassel and sunueon (1980)
fdiscuss yntax and- senentic errors. and add a third cateoory. logic
_errorss A program may be free of syntnx and senantic errors but. stili
not do what is intended because of incorrect logic. Cassel and :
ﬁSwanson $ gqest that the first and eosiest step in debugging is desk

~ Programs should be‘plenned and written on paper and snould

l1y checked for syntax errors. duplication or onnssion. and

_ sequence, prior to entering into the computer. Cassel and Swanson
group syntax and. semantic errors together. indicating thet most of
these errors are identified by the interpreter. ~ They. describe the use
of test'deta to check every statenent of code in the program. Tracing

‘the progran logic is discussed as either a nenua] or an autonatic

5, ¢

A}

' procedure. , v g!‘%
Gates (1983) refers to a structured approach to BASIC debugging. '-%ap
.He draws attention first to tne resources aveileble from the systen
~ such as. BREAK. PRINT, STOP. CBNTINUE<[;;ACE and FREEZE. Hany of these :
are aiso available in Logo. Gates also stresses tne inportance of

thoroughly defining the probleu by knowing what the program does, when.

it does it, and uﬁit it should have done. He considers an exact

prob]en definition as prerequisite to any depugging. .W-‘ |

Bruce (1980) does not specificelly discuss or define types of
"bugs, but deals with many debugging~techniques and methods. In the
"introduction ‘to his book, Bruce nention:/;pe debugging technique so
O

powerfu] yet so simple that he feels it would offend readers to see a

..
R :



chapter allocated to it. He feels that by explaining a program to
someone else, the programmer will f_himsellf frequentiy catch the syntax
and’ semantic bugs. His book, written about debugging in BASIC'.'
presents -many good techniques and strategies for handling logic
errors. Some of these techniques may be applicable to the Logo
situation as well. Bruce rﬁiscusses poth flowcharting and cosmment
stateuents as preventative debugging. Flowcherting helps to provide
for a cleer and argani zed pl an for proper program construction.
Infomtive remarks used to label code are ver,y important. Playing

comuter is described as the most accuri'te method of. debugging. ‘This.

. requires going through the code step by step, doing with a penci] and

paper what the conputer does elactronicallys Bldck debugging refers

to the exuinetion of each subroutine apart from the main program.
Structured or m&;lar programming lends ftself to block debugging. ,
‘Desi gning-in (joining blocks or modules together) relates to the
, problens ‘which sometimes occur when tested bl,ogks do not-function
properl y as. partof the whole and is another squrc of bugs. Bruce
(1980) conc‘ludes his book by saying; / ' |
The many elements of the prograyé"s aft must work
together in a succes;ful debugging effort. No single technique |
is perfect for/all applications and no method has any greater
claim to fame than any o‘t:ler method. ) But u‘sed in concert with
one anotner, and under the guidance of a logical plan of action,
e

a fe\w siuﬂe techniques are all that are required to debug even

" the most complicated of programs. (p. 339)



Iypes of Bugs and nebugging Strategies in Logo
Theﬁ%rocess of debugging is accepted by computer programmers as &
normal part of progranming.' Is 1t accepted by teachers and elementary

schoo! students? Papert (1980) suggests that children are inhibited

in th(ir learning by the “gft: it” or got it wrong model, and that

good earning strategies caiﬁbe encquraged by following the debugging
-ﬂmmers. Elementary school teachers are
3;{ ogrammers of their students. As

k3‘= computer applications increase,

programming is‘re ai vig f;j ;ag.asis. In spite of this, educators i

‘with Logo. Groen (in Sorkin, 1984) says, *what is learned in Logo is.
_:not primarily a programming language . . - but a way of establishing
correspondences between a concrete world anduone_of abstract
representations“ (p. 50-51). )

Some of the early sources of information on Logofresult from the .
Brookline Logo ProJect which was conducted in an elementary schdol in

" Brookline, Massachusetts during the 1977/78 school year. In the Final

Report of the Brookline Logo Project Part III Profiles of Indfvidual -

Student's Works, Daniel Hatt (1979) reports the work of '16 grade six

students who had between 20 and 40 hours Of hands-on Logo experience.
- The discussion and teacher profiles on each of the students contain
many references to bugs and debugging. The report is written in 16
. parts with no attempt to synthesize or draw conclusions. Bugs and )

debugging strategies are not classified or looked at as a topic for



-discussion. "Sufficiont 1nfomt\x‘on is included to cause one to want &
framework to use for further aml-j;is of this topic..

k1cnn (1984) discusses three "*]evels

which debugging in Logo
~occurs. He refers to thase as the visuaﬁ een level; the list
editing 1evel. and the logic level, The first level, which is seen as
an undoing. action for the undesirable A@tion or bug is used by young
‘students uorking in immediate mode and lﬂkely by all 4ogo users in the
beginning stages of Logb prograuﬁing.' Tﬁb 1ist editing level follows
once students begin writing procedur's"and‘cre able to relate a ,
segment of the pﬁoc;&ureﬁto the resyiting action. The logic level is
the most sophisticated, most amalytic, and occurs with students at a
‘more advanced stage of prograsming. |

-Hillel (1985) conducted a study with 16 children, aged 7 - 10,
who had no previous exposure to Logo. He found that children operated< ‘
mostly in immediate mode and adJusted for errors, or according to
Kieren S leveIs of debugging, were at level one, Hillel enumerates a
number of -difficulties or errors children experienced. (Hillel
Ichooses not to use the terms . bugs and4debugging since most work was
done in 1wnndiate mode and not in a program.) He grouped “errorﬁ“ as
those related to command meaning, those related to command inputs,
thoSe related to 1nterface,'those related to screen fit, gnd those
related to sequencing 6f commands. - In the finqlpphnse of his study
Hillel indicates that“65 of 134 episodes were exééutéd in procedural
mode. Very seldom (only 18 instances) did debugging occur iﬁ

procedural mode.

-
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Leron (1985) reports on four years exporiince w1tn grade six
children using Logo in Isrool. - He stresses fhe role of the teacher in

the Logo program and says that by using a quasiEPiagetian 1earn1ng
approach "the teacher can now concentrate on helping students. reflect
on and verbalize (and thus, conceptualize) their computer exper1ences
(p. 28). Students resist the suggestion of planning ahead or looking
“back and structured programming. He felt that the need for structured
programming was not clearly evident to the students due to the lack of
conplex1ty of the projects. Debugging is of utmost importadﬁe and a
better indicator of understanding than the actual writing of the
program. He discusses the problems of long, un;truotured procedurés.
interfacing procedgfgs, and playing tértle.

Solomon (1975) suggests the mirror image problem as a cause of
¢‘bugs.. Not understanding the idea of state transparent (starting and
stopp1ng in the same position with the same heading) is another cause
of bugs (Solomon 1976 Watt, 1979). The start up state (Solomon,
-'1976). 1nterfac1ng two procedures (Gorman, 1983), and the positioning
of the condi;;onal command (Hat;, 1983) are also cited as areas from
ﬁnhjch'bugs arise. |

Solomon (1975) provides somo interesting ideas on debugging. She
stresses learning to recognize ond appreciate bugs, and suggests the
jdea of a bug collection as a valuable aid for a child to develop.

The bug collection is . a trouble shooting check list thai.is golieotod
by each child and not something found in a book. Playing turtle is
also-suggested by Solomon as a powerful debugging strategy. This is

confirmed by a number of other Logo writers, including Watt (1983).



Sotomon comments on the value of student made aids for debugging.
Many authors of books on Logo are including suggestions for
‘ manipulhtive aids for student use.

‘Gornan (1983) lists sone‘bugs and gives some suggestions for
debugging. He discusses the reading, understanding, and use of the
Logo language messages, and the use of PAUSE, TRACEBACK, and WAIT.
Nelson (1985) describes the merits %f using STEP and TRACE as dynamic
debugging tools, and especially PAUSE which is a powerful, interactive
too{.} Heiniraob (1985) is of‘the opinion that high school students do
not make adequate use of error messages.

Sugarman (1982) reinforces for Logo the idea put forth by Bruce
(1980) for BASIC, that there is value in explaining the program to
another. or even “thinking aloud' This task of defining the problem
or-explaining the bug helps the programmer to beg%me a more involved
and reflective participant in the debugging,process. The solution
often comes without any outside assistance. ‘
Attitude of Students in Relation to Debugging

"Errors benefit us because they lead us to study what ‘happened,
to understand what went wrong, and, through understanding, to fix it"
(Papert, 1980, p. 114). "It is this rethinking - the debugging,
process - that helps children to become clear and precise thinkers,
~ (Martin, Bearden, & Muller, 1982, p. 58). The shift in’ emphas1s from
the final product or answer to the process of obtaining that product
is evident and considered very important. People have considered
children's growing tolerance for errors to be a change in attitude.

papert (1980) suggests that in “the LOGO environment children learn
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that the teacher too {5 a learner, and that everyone learns from
mistakes” (p. 114). -

periman (1976) pointslout that children should be allowed to work
at the computer at their own pace and develop the attitude that an
error is not a mistake but rather a challenge or a problem to be
solved. Debugging is a valuable skill and programming the computer to
solve a problem requires a deepﬁzuunderstanding than simply solving
the problem by oneself. E\

Breen (1984) also endorses these ideas when he says,l;ln the Logo
environment the child is not criticized for an error in drawing. The
question to ask about a program is not'whether it is right or wrong,
but if it.is fixable. 'ﬂu!process of debugging is a normal part of
the process of understanding a program. The programmer is encouraged
to study the bug rather than forget the error" (p. 118).

solomon (1975) supports the idea that bugs and debugging "are a
part of life, not occasional accidents, not a sort of ‘plague. 'We live
with them and learn to like living with them" (p. 4). Solomon sees
" value in bugs because4students can learn from them, and they often add
interest.

The development of a more positive attitude toward errors is
listed as one of the powerful ideas of Logo by a number of authors.

- Krasnor & M1tterer (1984) write, "Programming bugs are recognized as
being unavoidable and useful in providing information. Such a
reconceptualization of failure implies that the child's sense of

mastery and motivation would not be negatively affected by errors" (p.

134). A sense of mastery and competence may be deve1oped by children
3

)



‘i\since mOsthugs in‘Logo stand out are debugged;rioht%away;by the
fstudent and feedback 1s prov1ded B The chitd dewe}opska‘feelihg of
vjpower and’ success.. o -'4‘ ; - .f | tv‘,zy,

Know1ng whether a program is worthy of debugging is a dec1s1on

'hthat students shou]d make, somet1mes,w1th advice from the_teacher.‘

"Solomon (1976) addresses the 1dea of teacher 1ntervent1on in the

' debugg1ng s1tuat1on. She fo1lows the "pr1nc1p1e of a11ow1ng ch11dren ’

» xlh .

~ enough success soon enough to make the f1ght worth wh11e"*(p. 1052)
Pea (1n Sork1n, 1984) suggests that theygujdance and support of
~ the teacher are necessary if Logo 1s to be used as the des1gners
»hoped. He states further: _ | _ | ‘
A functlona1 approach to programm1ng recogn1zes that we need‘
to create a cu]ture for Logo in wh1ch students, peers and
‘.teachers ta]k adout th1nk1ng sk1lls, d1sp1ay them aloud for .vi
others to share and learn from, a culture that cont1nua11y
' revea]s how programm1ng is a veh1c1e for 1earn1ng general
th1nk1ng sk1]ls, and that bu11ds br1dges to th1nk1ng about other
domains of. school and life. (po’ 59 60)
| Barton (1984) supports the importance of pup11s being 1nvo]ved in
debugg1ng and accept1ng errors: as correctable, nacessary, and an
1ntegra1 part of the problem solv1ng - ]earn1ng process. ' She a]so
stresses the need:for person to person interaction and the teacher
befngvinvo1vedeith the student in the debdgging proceSS. “The
teacher can focus on understanding the ch11d s errors, on probing,
quest1on1ng, c]ar1fy1ng and gu1d1ng thinking" (p 18). "The ch11dn

becomes aware of and focuses on h1s own th1nk1ng processes and’

o
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‘ispﬁategies and evaluates 1deas” (p. 18) Barton rem1nds us that.
"agtitudes,vstrateg1es, th1nk1ng and problem solving" (p. 18) deve]op
slowly and with experience. _"a ' B - M Y,
Sulpany"w» §£‘ o L

The area of bugs and debugg1ng has been researched in
cons1deraﬁle detail in computer languages such as- BASIC. Bugs have
" been 1dent1f1ed accord1ng to type and detai]ed 1nformat1on on '
strategies for. debugg1ng is ava11able._ The same 1s not true for Logo.
Although bugs and debugg1ng receive ment1on 1n many Logo art1c1es, and
authors stress the 1mportance of debugg1ng, the c]ass1f1cat1on of bugs -
and a comprehens1ve descr1pt1on of strategles does not appear to be
available. A considerable portion of the Logo programm1ng t1me
involves debugg1ng, What are the debugging strateg1es that are used

'by e]ementary school students7 Are students de11berately encouraged

-eto 1mprove the1r debugg1ng strateg1es7 Reference is made to the ;'

- and others. This suggests, therefore, that there is.a need to acqu1re
1nformat1on in the area of bugs,,debugg1ng strateg1es, and att1tude in

<o Lo
relation to Logo. o

| Definitions'
The foﬁTowing'are definitions of terms as‘they are used in this
:‘study | | ‘ |
bug - an error which prevents & program from running or causes a

program to funct1on jncorrectly.
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' debugging - the process of locatlng and correcting program errors,
o editing to allow for additions, delet1ons, or correctaons.
Logo - a computer language whlch prov1des graph1cs, list and word
proce551ng, ‘and other features. Predef1ned primitives are
1nc1uded and the user 1s able to “teach“ the compute?fi}her
terms. ‘ N
Logo turt1e - a 1jtt1e'triang1e that appears at»the center of the
screen (HOME) and'cankbe made to draw by giving commands of
distance and direction.. |
‘turtle graph1cs - those draw1ngs done by the Logo turtle.
primitives - Logo s commands or bas1c 1nstructions. . o | NN
procedures - the new commahds taught to the turtle so it will perform\\x
the~ta§ks desired. | L
:procedural mode - groups of commands are entered into the computer's
memory and are stored there ready to be executed when and as
' often as requested.
mmed1ate mode - each conmand or line of commands is entered and then
~ executed as soon as the RETURN key is- pressed.
structured programm1ng -\a way of .ordering a computer program so that
| it is easily understood by d1v1d1ng a long program into modules
. or small parts. , l ; o ';
syntax - spelling of words and abbreviations, punctuat1on of the
statements in the language inc]ud1ng,spac1ng and brackets, and

" the correct order or form.

semantics - understand1ng the meaning of the words and’ symbo]s.
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logic - the patterns for doing things in a specific order. the series
of orfanized steps to solving a problem.

attitude - how students think and feel about debugging computer '

programs measured as positive, neutral, or negative in the areas -

of evaluasion, usefulness and difficulty, according to scales

"adapted from Nyberg and Clark (1979). .
vLi-ntationsv
iThe following factors limit the interpretation and the
generalizability of the findings from the data:’
%5 " The effect of the presence of the researcher ‘the taping,
‘ quéstioning, and note-taking. ) |
2. ‘The_bias of the researcher in the observation and reCordingjof
| student activity and behavior. H_
3. The size and nature of the sampie, including the prior knowiedge
and attitude of the students. ' ‘
4. The variation or lack of variation in the a551gned tasks, which

R

‘may not be representative of the general]y assigned Logo tasks.
Delimitations .
The exp]oratory study was restricted to:
1. *gggampie of 20 grade 6 students in 3 schoois.

<

2. Logo turt]e graphics.

—_ Significance
The 1ncrea51ng 1mpact of computer technoiogy on the lives of

elementary schoo]-students nece551tates a careful examination of the

-
_
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| strategies used and the attitudes held by students as they work with
cohputers. Logo is a computer language that is rapidly gaining
acceptance in élementary schools. Papert (1980) describes Logo as an
obJect-to-think-with“ (p. 23). If Logo programs in the schools are
' going to effectively con ribute towards’ the development of thinking
' skills of students, the/Zifficulties students face Wlth Logo and the
strategies for overcoming these difficulties Tust be understood

A knowledge of ‘the common bjzs studentS'éncounter will help
teachers plan experiences that will capitalize on bugs, and use them
as a baSis for teaching related concepts. - Furthermore teachers may
‘want to explicitly teach strategies for overco ing bugs. A—knowledge
of the kind of strategies students spontaneousl use, as Well as those
less comhonly but effectively used, may help teachers plan the

teaching of debugging Strategiest

Outline of the Study |
The purpose and background to the stydy were explained in this
- chapter. Definition, limitations, delimitations nd Significance of
thiS‘descriptive study were also included.

Chapter I1 contains a descript;on of the deSlg of the
investigation. The findings of the study are reporte in detail in
Chapter II11. Chapter IV includes a summary of the investigation, a
discussion of the findings and their implications, a list of

conclusions, and recommendations for both research and teaching;



| o chn BRI
RESEARCH fiRSIGN AND SETTING

In this chapter the design of the investigation is presented. A
‘detaiied description of the three schooi settings is foilowed by
information on- the students in the study. "The Logo, programming

m——.

- assignments provided by the classroom teacher are then discussed.

Design of the lnvestigation |
This descriptive study was designed for discovery. The =
researcher presented herseif as someone wanting to find out from the
students the understandings thoughts and feeiings they hoid as they
program in Logog by observing their experiences and recording their
discussions. ._ |
A number of measures were taken to enhance credibility and
controi‘for the infiuence of bias and error. A piiotvstudy‘was
conducted to better prepare~the researcher for the obsérvation
sessions. ~ The nuriber of students observed and the amount of tiine .
_spent with each student in the study prov1ded an opportunity for
~~"capport to develop and for proionged data gathering to take- p]ace. A
number of information sources, including observation notes, tape ‘
recordings a written questionnaire, interviews with students and
teachers, and disk fiies were used to prov1de for trianguiation of
data. Log notes were kept by the researcher, as weii as samples of
' student's notes and copies of»theeteacher s written assignments.

These will be referred to in subsequent sections.

16
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Sample |
| The samp'le for this study was a group of grade 6 students drawn
- from three elementary schools within ‘the Edmonton Public Schools
t(EPS) Schools were ‘chosen with the assistance of the EPS computer
consu]tants. Criteria for selection were the involvement of the
students in an ongoing Logo program and the willingness of the teacher
to participate and have his/her students involved in observation and
interviews. A description of the three school settings and the
: students involved in the study will fo]]ow in a later section.

It was expected that grade 6 students wou]d be at different
1evels in Logo programmingf}and wou]d produce work that youid disp]ay
computer bugs. It ‘was also assumed that different types of bugs and
different.strategies for debugging would be.evident.

Informal Pilot Study of Procedures o |

An informal pi]ot study was conducted. During the pi]ot study
the work of students was observed and a data coilection form de51gned
and tested as an observation tool. 'This form, entitled Observation
Sheet, appears in Appendix 1. Experience was gained in observing 5EEN
recording the activities of the students and then using the |
observation notes to identify bugs and'debugging strategies.'
Observation Sheet

The Observation Sheet, containing four parts, prov1ded space for
'recording identification data the actual observation notes, the v
cia551fication of bugs found in the obsenwation, and the strategies
identified. Identification data included student name, date, time,.
'settﬁpg, and project, A six point check 1ist was also included, but

. . . .\
!/ . v N ‘



only three of these were used consistently. The section for actua
‘observation not:s provided room to record the keyboard input of the
‘students theﬂfesﬁhng and debugging of procedures written, the
hcomments and“cti ons of the students. These were recorded as fully '
as possible, noting whether the student was working in immediate mode

or using theéeditor and recording the testing of procedures written.

Comments of - the students were noted as well as related activities such

as hand and body movements pertaining to the turtle graphics on the

'screen and use of pencil: and paper or other materials. The sections

' 7of the form for the classification of bugs and debugging strategies

were completed following the observation time._

The Attitude Scale e | |

The “School Subjects Attitude Sceles‘, developed by Nyberg and‘
Clarke (1979) were«adapted by the researcher and used to gain insight
into the attitudes held by students regarding the debugging of their
computer programs. The adapted scale, entitled Debugging Computer
Programs, is found in Appendix 2. It consists of 24 bipolar a&gective
pairs which.form-the total scale. These are grouped into three
sub-scales of eight pairs each. The sub-scales provide a measure of
evaluation usefulness, and difficulty. On the'original scales,
| testeretpst reliabilities with a one week interval, done on students
in variousvsubjects and from<gradesv5’thr0ugh 11, fell inﬂthe40.70 to

0.80 range. The reliability for internal consistency on the

evaluation , usefulness, and difficulty sub-scales were reported to be

0.91, 0.90, and 0.82 respectively. I

4 i

i
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In-addition to the Nyberg and Clarke scales,nstudents were
interviewed to obtain further information on attitude, as well as
opinions on the bugs and debugging strategies students say they have
and use. The. questions used in this interview are found in Appendix
3. Notes on attitude were also kept in the log and on.the observation
‘ ~ sheets. | '.

?  Procedure . _ ‘ B
| " Once teachers at the grade 6 level were recommended by the EPS
compu ter consultants contact was made by the researcher. The three
teachers contacted expressed a willingness to participate in the study
and did in fact have students actively involved in Logo. The fact

that two of these classrooms were split grade 5 and. 6 rooms was not

seen as a. problem, since each room had sufficient grade 6 students to

meet the,desired minimum of five students per room. Tne teachers, one

»

female and two male, are all experienced teachers, have been involved

) -with Logo for at least two years, and are currently members of a

'university curriculum and instruction course on Logo and mathematics.
Each of the three schools was visited making contact with the
principal and the teacher involved. Discussion was held regarding the
intent of the reseacher and the study, scheduling of visits and
procedures and policies to be. followed. The researcher provided the
principals with a letter. of explanation and an approval form (Appendix
4) for the parents of students in the study.

Phase One. The initial visit to each class was an informal time

for the purpose of . becoming aCQuainted with the setting, th!’students,

and the types. of programming activ1ties_being conducted.
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A minimum of* 15 students, 5 from each school, were to be selected
for detailed observation. Since the class in School A had only 7
grade 6 students a11.7,were observed.'and 7 students ware also
observed in each of the other schools. Random se1ection was not used
1n the other schools, but rather teachers were reqUested,to thoosen
students they felt would‘giye the researcher a variety of programming
approaches.s A1l students were actively involved in Logo procedure |
writing and able to use the Logo editor. Specific attention was not
paid to the type of student but to the programming work produced,
since the purpose of this study was to identify those bugs that occur
in students' work and the strategies students use in debugging. The
type ot student did in fact vary greatly as will be noted in the |
section on students which follows later in this chapter.

Following identification of the students, the researcher met with .
the students as a group for approxiﬁately 30 minutes.  During this
time the researcher introduced‘herself and the,study to the students.
The study was exp1a1ned very br1ef1y as an observat1on of the Logo
hact1v1t1es of the students, without mention of bugs debugging, or
attitude. Students int roduced themselves and were given opportunity
" to comment or ask questions. ‘Students readily agreed to the
researcher taking notes us1ng the tape recorder, and saving student
programs on computer disk. All students appeared pleased to be
involved, and anxious to demorist rate their abilities in Logo.

4 Students comp1eted an information form, giv1ng their name and age,
school and outside 1nterests, and their thoughts on computers and

Logo.
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Phase Two. Students were observed 17d1v1dua11y during their
hands-on computer time in an attempt to capture as many examples of
bugs and debugging as possible. During this observation the data
collection form was used to record the. activity of the students SO

bugs and the debugging strategies used could be jdentified 1ater. A

tape recorder was also used when possible and students encouraged to

‘think aloud as they debugged in order to more clearly reveal their

debugging strategy. Taping was not always aopropriate due to the
variety of other activities taking place in the classroom.

Procedures written were saved on disk by the researcher with the
permission of the student. These were saved both during and after
debugging and used to increase the reliability of the data col]ect1on
forms._ Disk f1]es were also exaM1ned for ev1dence of debugg1ng tbat
shoued attempts to expand, refine, ,gzg}ore make more eff1cient make
more un1versa1, or make more attractive a partlcu]ar procedure.

Log notes were- ma1nta1ned on students, particular]y in regard. to
att1tudes ‘about bugs and debugg1ng, expanding and refining, and
programming style. )

Amounts of time spent observing each student were not equal.

Both the number of observat1on per1ods and the length of each per1od
varied. Breaks were made to suit the ongoing classroom schedu]e the
students needs, and at appropriate points in the Logo program being
wrftten.‘ The researcher continued observations until it was felt that
data collected would prov1de sufficient samples of bugs and debugging

strategies and a feel for the style of the progrannmr. )
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Phase Three, During the finaf visit to each school, attitude
questionnaires were administered. Questionnaires were administered to
all students in the three selected c]aSsé§ that were involved in Phase
One and Phase Two. Théée questionnaires were designed by the I
researcher, based on the‘"SchooIVSubJects Attitude Scales" by Nyberg
and Clarke (1979). )

Following the~adminis§ratjpn of the attitude questionnaire to\the'
class, the project students were interviewed individually. They were
shown’the,printout of their‘Logo procedures, both listing and
graphics. In some instances stdents were asked to’further explain
‘what they were doing, to provide»the researcher with,furthef insights
into strategies used. ' Students were then asked to resbbnd.orally to a
set of questioﬁs’regarding bugs, strategieé and attitudes. These
interviews were tape recorded and later t}anscribed;

It was not until Phase Three thét the focus on bugs and debugging
strategies was made evident to the students. This was intentionally
withheld so as not to influence the students.

[y -

Time Frame ) o | | :
A1l interviews and ob;grvations were conductéd during the period -
from January 21 to February126, 1985. The exact dates and 1engtﬁ of
each observation session aEe found in Appendix 5. Introductory
sessions were hé]d'bn January 21, January 24, and February 11 for
ScHoqls‘A, B, apd'C.reﬁpectively, while concluding interviéws were

held on February 11, February 13 and February 26, 1985. An overview

of the observation schedule is presented in Table 1. Ali‘nameskin‘
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““ this table and throughout the report have been changed to assure
anonyﬁity of the subjecté.
Table 1

Observation Schedule
School Student Obs 1 0Obs 2 Obs 3 0Obs 4 'Obs 5 0Obs 6 Total&

A

20

A Barry 30 25 30 40 50 25 3h m
A Carol 30 40 20 40 2h10m
A Cindy - 40 30 50 50 2h5m
A Connie 30 25 15 1hl1l0m
A David - 30 25 35 1h30m
A Don 25 30 10 20 20 1hd45Sm
A Doug 25 25 25 1hl5m
B Mark 20 30 25 30 35 2h20m
B Mike 40 35 25 20 35 2h3Bm
B Murray 15 25 25 30 1 h3km
B Lana 20 30 30 25 : 1 hasm
B Laura 0 20 40 \ 1 h30m
B Linda 45 35 55 ’ 2h1l5m
B *Lucy \ 10 20 15
C Ray 15 20 20 35 45 2h15m
C Sandy 25 3 30 40 2h10m
C Shauna 50 25 20 - 50 2h25m
C Ted 30 20 30 30 1 h 50 m
C Trevor 25 30 50 35 2h25m
C Troy - 40 20 , 35 15 1 hbs0m
C Vicki 25 25 30 30 1 h5 m
School  # Students Total Time Ave Time  Total Obs Ave 0Obs
A 7 14 h 2 h 28 4/student
- B 6 12 h 2 h 24 4/student
c 7 14 h 40 m 2h5m 29 4/student
A+B+C 20 - 40 h 40 m 2h2m 81 4/student

* Lucy was observed three times, but due to difficulties discussed. in
the text, information on her observations is not included in any of
the statistics or analysis. '
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Adjustments to the Design

peletion of One Set of Observations. The seventh student n

School B worked only in immediate mode throughout the first session
and came with notes sﬁe had obtained from another student for the next
session. When the notes were entered and did not give the desired
results she became very f1usté¥ed. She tried to construct a p}ocedufe
herself but seemed very uhcomfortable and was therefore excused.
Following the second observation period and consuftaiion with the
teacher,'it was decided not to include this student in the study as
she was obviously nervous and having considerable d1fficu1ty carrying
out the aésignments given by her teacher, The student was not aware
that her work was not being included and she was seen for a third
session by the researcher at her request Since there was no

A

meaningful data on her, she is not referred to again in this study.

Interventions By the Researcher. The "thinking aloud" technique

" was used to gain information on the strategies students used. When
encouraged to think aloud some students began to question the
reSearcher.‘ An attempt wa¥ made to keep interventiohs to a minimum.
On a few éécasions it was felt necessary to assist,” as the classroom
teacher was not available, and the student was eithef insistent or
ready to give up or de]ete the program. At the end of one sessibdn,
Carol asked for help in making tr1ang]es and circles and it was
provided. On one occasion the researcher suggested to Cindy that she
do what she was asking the turtle to do (play turtle). Mike was giVen
assistance with his recursive procedure when he wished to have the

. design repeat five times. ‘ ' .
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The researcher did provide assistanCe on a number of occasions in
‘ 4 ; ,
. regard to d1sk and file handling and on us1ng the ed1tor. It;wasvfelt

that these 1nstances would not adverse]y affect the data for

‘research, . S ‘ . ' ’ ‘ o
° " S ‘ , | Sett1 ngs \ \\/

The 3 classrooms that were chosen for this study provided falrly

3

‘diyerse sett1ngs. Each of the schools was Tocated in a d1fferent

sector of the c1ty. There was aTso var1at1on 1n the size and age.of

‘e

the schooT The 3 pr1nc1pa15 and the 3 teachers w1TT1ngTy

o

part1c1pated in the study and were most cooperatlve with the

2 researcher. v R 'g_ . )/

b pe

School A |
The c]assroom in SchooT A was a sp]1t7grade 5-and 6 c1assroom.

»_S1nce there were on]y 7 grade 6 students in the roomf it was decided
.‘that aTT 7 students be 1nc1uded in the study. For most of the“
durat1on of the study th1s c]assroom had two Apple computers located
L in the room. A pr1nter was attached to one of the computers., Near
the end of the study on]y one oomputer rema1ned in the room as the
”othérmwas requ1red in another c1assroom in th1s fa1r1y -Jarge schooT.
The computers were Tocated on oppos1te s1des of the room, on tables up

against the wall. The computer which was used throughout the study
was obscured from the view of most\of the students by a portab]e room
d1v1der. Near - one computef was a 11st which indicated the rotat1on

system for having turns to work at,the:computer, The Terrap1n vers1on

of Logo was being used.
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The students were: accustomed to taking turns, worklng throughout
most of the day, with ene student at a time at each mach1ne.. Logo
assignments were 1ntroduced br1efly following the opening exerc1ses on
two of the fOur mornings the researcher was present. Students
appeared to work very independently at the‘computer with little
interaction'betweenfthemSElves~and‘other classmates or the teacher,
School B | |

In School B the grade 6 students also shared a classroom w1th
grade 5 students. There were 14 grade 6 students in the class and 6
of them part1c1pated in the study. The observat1ons took place in a
relat1vely unused room adJo1n1ng the regular classroom. Students came
on a rotational basis to the computer 1n this adJo1n1ng room. - Four,
somet imes: five, Apple computers, using the Terrapin vers1on of Logo,
were located around the per1phery of ‘the regular classroom. Students
“made use of the. computers during part -of the school day, and !
occas1onally dur1ng lunch. hour in a club setting. The lunch hour
'sess1ons prov1ded pup1ls an opportun1ty to share ideas, show others‘
their programs, ‘consult with their teacher, or play computer games.
Some of the students received instruction and ass1stance with Logo in
+ small group setting'during school time on a rather irregular basis.
The classroom walls contained a number of d1splays relating to | .
computers and to Logo. Logo pr1m1t1ves w1th 1llustrat1ons were
displayed. B |
School c |

Seven members from th1s large class of 32 grade 6 students were

observed by the researcher. This classroom was a sem1-open area w1th
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walls on two and one-half sides. The back of the classroom was open

to the library area and the partia] wall divided the classroom from

. the. adgo1n1ng computer laboratory.. Groups of students from this

classroom and other c1assrooms made use of tmk computer 1ab on a
regular basis. Throughout the study students were observed by the
researcher at a computer set off to one end in the lab. Dur1ng
observat1ons the .lab was uspa]]y being used by groups of 10 to 20
students. The 1ab contained five Apple computers, five Atari
computers, and a pr1nter. Many of the studefits were accustomed to
us1ng e1ther Atari or Apple Logo (LCSI) or Apple Sprite Logo.
Students used Apple Logo during observation t1mes.
The students observed in this school were rece1v1ng some '

'1nstruct1on, ass1gnments, hands-on computer time, and opportun1ty for
computer cﬁub t1me, on a fa1r1y regu]ar baS1s. This var1ed “from.
student to student, with a group of students receiving some computer
time uh11e others were rece1v1ng instruction in French. Due to the’

\COnven1eht availab111ty of the computer lab, students from this class

, wou]d sometimes be permitted to make use of the computers when they

were not in use by others in the school and when students had
at1sfactor11y comp]eted their other classroom work. Students could
§g§t31" a %ass when they wished to be part of the computer c]ub
sess1on., The room was available for those with club pgsses each
vmorn1ng and noon.hour. - Both students and 'teachers uséd this time for
Logo and a]so word processing activities. Occas1ona11y a teachervwas

available to provide ass1stance but generally this was a fairly

relaxed time for exploration and shar1ng. Some students used the time
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to complete assignments expected by their homeroom teacher. The
actual amount of computer time rece1ved by each student in the
observat1on group in this school was not easy to determ1ne._

The computers 1n the lab were arranged around the perimeter of
the room, with most on tables and others in carrols. Two of the
machines had large mon1tors wh1ch were sometimes used for class
demonstrat1ons.//Th1s room was decorated with computer pictures and

. posters, chargs w1th Logo pr1m1t1ves and information, and samp]es of
student work.

.
The Students in the Study 0

A total of 20 students part1cipated in the study, 7 students from
each of 2 elementary schools, and 6 from a third elementary schoo1
all from w1th1n the Edmonton Pub11c School system. The researcher -
requested that !eachers choose students who were writing

‘pwocedures and abTe to use the Logo editor to the degree that they
cod#d edit the procedures they were writing. .

A]though the focus of th1s study is. not on the student, but on’
the bugs and debugg1ng strategies present in the Logo procedures
written by the students, the fo]low1ng 1nformat1on js provided as
ev1dence that the sample 1nc1uded a var1ety of student ab1]1t1es,

*interests, and backgrounds. ’ |
The 7 students from School A comprised the total group. of grade 6
students 1n‘thetr split 5/6 classroom. The‘teachen‘c1assed these

students as generally average ability students. The available



inteTiiéence and mathematics scores are listed in Table 2. Recent
standardized reading scores were‘hot available. ‘

Of the 14 grade’6 students in SchoolvB,'G students participated
in the study. These studénts represented a wide rahge of abf]itjes as

24
1nd1cated by their teacher and ev1denced in the .scores recorded in

Table 2.

The 7 students chosen from a class of 32 students in School C
included some of the best Logo programmers as well as two of the
weakest Logo programmers in the ;1ass._ Interestingly gnough, Ray, the

 falez

,/// ‘ ~ IQ and Mathematics Scores

School Name -V IQ-NV 1Q-Q EPS Math
A Barry 113 98 o 89 NA
- A Carol 126 96 ) 113 49
A Cindy 94 .87 93 19-
A Connie 111* 113* NA
A David 99 . 97 90 . - 10
A Don 115 . 115 - 108 49
A Doug - 86 : 87 110 . 33
B Mark ‘ 127 : 129 115 66
B Mike -9l 89 ' 94 73
B Murray = 117 - 111 132 84
B Lana 90 -89 94 13
B.  Laura 111 98 96 4
B ~ Linda 105 100 94 - 10
o Ray 109 108 106 70
c Sandy - 98 . 102 108 . NA
C  -Shauna 76 84 82 40
C Ted - | 124 136 118 89
c Trevor 117 130 141 ' 97
c Troy 104 111 128 56
C Vicki 117 91 112 63

IQ Canadian Cognitive Ab111ty Test (Verba] Nonverbal, and
Quantitative) ,
* Lorge Thorndike Test
** End of grade 5 mastery test
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student felt by the teacher to be the strongest and most productive

Logo programmer has fairly average scores on. the tests included in
Table 2, and was, until recently, considered to be a difficult student
and a discipline problem. This was his first year in a computer
program.

The group of 2D students selected contained 9 girls and 11 boys.
(The original group had 10 girls and 11 boys.) Sixteen of the
students were li;year:olds,ﬂwhile 4‘(a11 gir]s)-were lz-year-olds.”
Nine of'the'students were in their‘first year of Logo work. Although
the other 11 had had exposure to Logo‘prior to their grade 6 year, .
none of them had an exten51ve Logo background. For many of'these
students their experience was very ]1m1ted due to the 1im1ted access
to computer hardware. ,
| : Prograiling Assignlents‘

The programming a551gnments required of the students varied in
each of the 3 schools. These a551gnments will be discussed in terms
of the description given by the teacher. They will then be discussed’ '
in terms of their interpretation by the students. | |
Assignments Provided By the Teacher )

Students in School A had been given an asstgnment prior to the;.
arrival of the researcher. Some students ‘had started on the
\,_aSSTgnment wh11e others had not begun actual work on it. tThe
students had been asked to write a procedure which made use of three
subprocedures. The contents of the procedures were left to the
" discretion of the students. Upon complet}on of this assignment

v?fstudentS'were to write a procedure or procedures to illustrate
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symmet ry. —The teacher spent approximate1y 5 minutes discussing the |
”idea of symmetry. The line or axis of symmetry was 1dent1fied._
_Students werejasked to draw a shape, make changes to the left and :
,;right commands;.and obtain a-symmetrica] copy. The following example

was . given on the board

REPEAT 4 {£D 30 RT 90]
REPEAT 4 [FD 30 LT 90]

Geomet ric shapes as well as symmetry in nature were d1scussed.
Students were asked to give examp]es in nature, and responded with
-some non-nature examples as well as nature examples such as leaf,
: b1rd and butterfly. | ' '
Students in School B were observed during the latter part of
January and the first half‘of february. They had been asked to create
Valent1ne 's Day designs. . o
~ Students in SchooL/C were provided w1th written ass1gnments.
Copies of these ass}gnments are prov1ded in Append1x 6. Upon the
arrival of the ce/earcher, a group of students was observed work1ngf
with an ass1ghment called. Exp]orlng Powerful Ideas which conta1ned
written 1nformat1on and two diagrams. The ass1gnment dealt with '
recursion, war1ab1es and cond1t1ona1 statements and gaﬁe four
_ questions to d1rect the exploratlon. A second assignment, entitied
Logo Cha]lenge, had been written out by the students. The students
were later requested by the. teacher to work on 1t dur1ng the1r
“computer turn. The Logo Challenge ass1gnment was intended by the
teacher t be a lead-in to the idea of tesse]lat1ons and it

structuredya number of tasks. The tasks included wr1t1ng procedures
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"'-to draw rectangles and squares uslng varlables. uslng the procedures
to. construct a large rectangle and then flll }t wlth small squares,
using the procedures to deslgn an' even larger rectangle and filling 1t
-with”even smaller squares, and writing procedures’' to boslt;on the
turtle.’ The last task on posltioning the turtile requested the
students to try using the REPEAT command variables "and descriptive
variable names.. The thlrd assignment dlstrlbuted to the students in
School C during the time the researcher was there was entitled
Exploring Tessellations, and contained a written description as well
-\\\as a computer printed graphic. Students were challenged to construct.
procedures ‘that would prov1de a design similar to the one pictured on’
the assignment sheet, and were reminded of the wisdom of breaking a
large problem into smaller problems. They were further challenged to
esee what other shapes they could tessellate, and also to tessellate
combinations of shapes,

The assignments provided in all three schools were very open
“ended and allowed for pupil explorat1on discovery, and creativity.
The assignments: in Schools A and B were the least structured as to the
use of the Logo language (procedures and subprocedures be1ng the only
ideas voiced), and also fairly unstructured as to theme (symmetry and
Valentine's Day). The written assignments of School 4§ were also very
open ended, as demonstrated by the results of the students, but d1d

~ provide definite content themes as well as Logo language .ideas to try.

rConcepts from the Logo language 1ncluded were procedure, recurs1on.

variable, conditional statements, changing cond1t1ons changing

variables, 1ncrement1ng var1ables building blocks 1nputs dlstance,

-
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angle, REPEAT, descriptive names, posltlonlng\the turtle, breaking
down problems, using patterns, and extending the results to new but
~related situationsr Themes included exploration with a provided FAN
procedure covering rectangles with squares (1deas’of tessellation and *
area), and tessellations.

‘Assign-ents lnterpreted By the Students |

‘School A. In dealing with the assignment requiring three -

squroceduresvin a superprocedure, 5 of the 7 students d1d not succeed
with the task as set out by the-teacher. Three of the .boys wrote
three procedures, but made no atcenpt to 1nclude'thenfinfa
superprocedare. The fourth boy wrote one long procedure. One of  the
girls wrote two procedures.~f0ne of her procedures did in fact have
~ three parts to it, three squares placed in dffferent locations -on the
screen. Two of the girls did succeed in completing the task as

. assigned. One girl wrote the three subprocedures (a rectangle, a
square and a T - named. YOU, FOOTBALL 'and TE) and at the close of that
'_session stated that she was not sure how to put it all together, She
returned the next day to “write a big procedure and d1d it in a.
fashion not at all unlike what one would expect a student to do on a
-f1rst attempt. Her continued efforts met with success. The other
student, also a g1rl wrote two identical (except for the names - JA
and JA2) subprocedures, which were to be the eyes in the face - _ l
generated by the superprocedure (W)). During my last observation with
this student, she'was still working-on this task, -and-at that time the
superprocedure was calling sevenksuborocedures. It is important to

note that the terms “not achieve" and “succeed" are only the
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researcher's terms. As far as all of the students were concerned they

ki

had succeeded and proudly saved the results of thelr work on dlsk.

Six of the 7 students worked on the symmetry assvgnment. One
student made two attempts, one of -a butterfly and the other of a
“square inside a square“. Although he enjoyed his exploration, he was
aware that he had not completed the'task.‘ He;seémed not to have a
clear understanding of the 1dea of symmetry or of the Logo pr1m1t1ves
and procedures required to carry out his plan. One boy drew a fairly
complex'face design on paper, but met with construction difficulties.
His task was not completed during the observation period. Two simple
- square subprocedures (like the illustration the teacher’gave) were |
written by one of the giris. When called, one followinb the other, a
' synmetrical.design resulted. Although this student was one who had
previously used subprocedures and superprocedures, these were not
joined together in a superprocedure., The other 3 students, a g1rl and

2_boys, each‘completed a procedure illustrating symmetry which made

~ use of squares arranged in varying degrees of complex1ty. The 2 boys

difficult to malnta1n the idea of symmetry. These two tasks were not
conplete whenvthe last observation was made,

School B. The task of making a Valentine's Day design resulted
in some interestin displays. These varied greatly in complexity.
One of the g1rl§J£i:;e to design large letters spelling the word LOVE.
Since she was not sure how to do diagonal lines she made the letter U
instead of V. Upon c0mpletion of this project, she began designing a

large card. Another girl first made a large rectangle, divided into

|

also worked on designs involving circles, in which they found it more '
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two large side by side squares, and then procéded to desigq large
1et¥ers to spell out BE MY VALENTINE. Wwhen the last observation took -
'place she waS‘abou£ to begin the first N. Both of these girls had a N
"spaghetti" style of programming where everything went into one long
procedure, each command on a separate line. Although there was no
sign of modular prograﬁming, they did actually work in modules, doing
a éhort section {usually a‘letter at a time), testing and debugging
that section before adding the néxt’pa(t. One of the boys designed
the lgttérs BE MINE. He put each word in a subprocedure and then
wrote a superprocedure, BM, that called the two subprocedures, BE and
MINE. ) :

| ~One of the girls was first observed*fini;hing her Christmas
design;‘ingwhiéh she had drawn a cross, moved the turtle to the top
left corner and designed the letter P. She wrote subprocedures for
the letters E, A, aﬁé C, and then added them to the superprocedure
called STARf.7 This superprocedure éa]led six different subprocedures
(E being called twice). Upon the completion of’this‘task, the
| valentine's project was. undertaken. The word LOUE was written in
large letters (U was substltuted for V to simplify the task) starting‘
in the upper left and proced1ng to the lower right corner of the
screen, Each letter was contained in jts owq.Procedure and then the
superprocedure LOUE called the four procedures, All of the necessary’
moves between letters were included in the letter etosedures.

The project comp]eted by another student 16cIuQédAthe word LOVE

.across the ‘top port1on of the screen, accompan1éd)by a large heart

designed in a subprocedure, H, and called by the last line of the main
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procedure. He then proceded to make a smaller heart and repeat it a

. number of times to form a pleasing design as his second project. Th1s
resulted in some interesting explorétion with recursion. This
student, nét wishing to do another Valentine's project and unablé to
think of a project on his own, asked the researcher to suggest one.
When the idea of symmetry, which had been used in the other school

was mentioned he went right to work on an interesting geometric
display. He made squares to the left and right of HOME, inscribed
irregular triangles, and then started to inscribe circles within‘the’
triangles.

The Valentine's interpretation of the other boy in School B wasva
large heart pierced through by Cupid's arrow with the word LOVE
written under the heart. The superprocedure made the heart and called
two subprodedures. One subprocedure (CUPID) made the barbed arrow,
while the other subprocedure (LETTERS) set thelpurtle's position and .
called four subprocedures to design the letters L, 0, V, and E. Upon
completion of the project this student wenﬁ on fo design a St.
Patrick's Day shamrock, énd then started on an Easter egg.

School C. The students observed-in the computer laboratofy
during the researcher's initial classroom visit to School C were
wotking with the Exploring Powerful Ideas assignment sheet (Appendix
’ '6). This was certainly an exploration type of situation, and seQera]
of the students obtained interesting and attractive screen qisplays as
a result of their explorat{on. The explorations of one of the
students was noted in more detail on two subsequent visits. Since his

task was to explore and experiment, these sessions were not coded for
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bu@s and debugging strategies. Following these sessions, this student

/was observed working on the tessellations project. Because of the
SCRUNCH setting the diagram on the assignment sheet did not appear to
be a regular hexagon. Using the irregular hexagon he perceived made
this task a difficult one.’ Aiéo, his strategy of doing one horizontal
and then one vertical line was an uhexpected interpretation.

One student was observed for two short sessions as he worked on a
project of his own choice. He designed a fairly elaborate castle.

~ Following this hg\went onto the tesseliation project.' He saw the
shape as a regulae\RExagon, built a row of hexagens across the bottom,

" and then stacked them, making one fewer in eéch row, until there was
only one in the row. This student s next project was to tessellate
triangleé, this time attempting to fill the whole screen. A]though
thlS task was not complete when the last observation took place, a
portion of it was done and many of the problems worked out.

One of the girls also designed a castle as a project of her
choice. After Spending two sessions on the castle, she too went on to
the tessellation project, leaving the castle incohp]ete. The
1rregu1ar hexagon procedure she wrote presented many problems when she
attempted to tessellate the hexagon. A couple of very 1nterest1ng
designs emmerged but she was not successful in filling the screen with
hexagons. |

“one student worked only on the Logo Challenge assignment
(Appendix 6). He had considerable difficd]ty handling the variable
inputs, but was successful and in the end completed both Qroblems one

]
and two ofsthe assignment sheet.
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Another student working on the same ass1gdhent met with
difficulty in finding anior1gin point that’was suitable so the w;o1e
rectangle would fit thei;creen. when she returned for her second.
session she chose to work on the tessellation h§signment as she
thought the first task was too difficult. Rather than tessellate
hexagons, she chbse to simplify the task and tessellate squares. She
then went back to the Logo Challenge page and worked on problem three.
This presented problems as she embedded the move procedure in the .
shape procedure, and then tried to use the shape procedure a secohq ”_)3§§
time. A subsequent session wés spent on problem two from the same ;;ﬁ;

sheet. Although this task was not completed during the-observatiqnéﬁf%jf

time, the student did succeed in locating the turtle so that the large

-recfang]e would fit the screen.

Upon completing three projects of his choice, a sheet of graph
paper, § tunnel of concentric squares, and a f]owerﬁbone student then
worked on tessellating irregular hexagons. After much. difficulty and
a couple of interesting designs, he finally wds successful in getting

¥
a set of three hexagons joined to jtself to form a set of six

hexagons. : . * =
The other student began with the Logo Challenge iné*oductory

procedures and problém one. Following that she spent .considerable .

time working with the tessellations assignment. - She found this task

véry difficult but worked with persistencé.

* Adapting Assignments

The assignments as given by the teacher presented either a

content or subject theme, or a Logo programming task, or both. All of
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'the assignments were openrended and a]]onedrfor considerable.variety
in 1nterpretat1on by the students. S L ‘. |
' Students were ab]e to adJust the ass1gnment to the1r level of
programm1ng,expert1se, a1though the ass1gnments from Schoo] A and
School C did expeCt standards that were difficult for some students to
"attafn. Students, neverthe1ess, were able to do someth1ng w1th the
tasks. The ‘two examples of the work of students in Schoo] B are given
1n‘bigures 1 and 2. They show the contrast 4n the complex1ty of the |
,/end product from the, same assignment. The tesse]]at1on of squares in
‘contra;\\to“the tesse]lat1on of hexagons or tr1ang]es in School C is
another examp]e of . students adjusting the d1ff1cu1ty 1eve1 of the
B ass1gnment to their level of ab111ty and exper1ence., Figures 3 and 4
‘ show the work. of two students on the tessellat1on task. ;Several
‘ students in School A changed the ass1gnment wr1t1ng three separate
'h.procedures 1nstead of a superprocedure ca111ng three subprocedures.ﬂ
.On three occas1ons students abandoned the task.% Doug s attempt
to construct a symmetr1ca1 butterf]y was one exam%]e./ The teacher had‘J
‘ ass1gned the top1c of synmetry and. he had chosen the task of . mak1ng a
butterf]y. Aﬂthough he had" abandoned this task after working on jt
‘vfor one per1od he d1d attemptganother proJect related to symmetry,
wh1ch was not comp]ete at ‘the t1me of the 1ast observat1on. Vicki
'also worked on an assignment for one per1od and then started a new.
_ task the next time, say@ng that “the other one was top hard During

the 1ast observa§3on period with Barry, he a]so abandoned a task to do

some experimenting, say1ng that he wou]d come back to. 1t later.
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Oﬁ a number of occasions sfudénts were temporarily diStractedA
from the original task becaqsé of‘whaﬁ ohe might cali.serendipidy; a
bug in the progfam resulted in an interesting and“aitractive‘design :
that had not been planned or sought after. Mike'never'rethrned to his
original task, butvréfher spent time exp]orihg the ngﬁ[fpund gesign, .
»Fiéure 5 shows some of these designs. ~‘ x
| Figure 1
'_ﬁaléhtine Pfoject by Laura

T0 LOVE -

BG 5 PU

PC 4 FD 35

LT 90 RT 90

pU PD ;
FD 90 FD 50

RT 90 LT 90

PD FD 25

FD 50 LT 90 -
BK 50 FD 50 &
PD PU

RT 90 RT .90

FD 30 FD 10

TR RT 90

FD 10 P

LT 90 FD 50

FD 50 BK 25 —
RT 90 LT 90

PD FD 20 \

FD 20 LT 90

FD 5 FD 25

RT 90 LT 90

FD 50 FD 20 )

RT 90 LT 90

FD 25 FD 50

RT 90 LT 90

FD 50 FD 20



Figure 2
valentine Design b§ Mike

TO L ,
“HT PC O LT 90 FD 125 RT 90 FD 110 PC 1 RT 180 FD a5 LT 90
FD 35 PC O -

FD 25 PC 1 LT 90 FD 45 RT .90 FD 35 RT 90 FD. 45 RT 90 FD 35
RT 180 FD 35 PC O

FD 25 LT 90 FD 45 PC 1 RT 140 FD 55 LT 103.5 FD 55 RT 140
'pC O FD 50 LT 88 }FD 25 LT 90

PC 1 FD 50 RT 90 %FD 35 RT 180 FD,35 LT 90 FD 25 LT 90 FD 25
RT 180 FD.25 LT 90 FD 25 LT 90 FD 35

Y

END ,
| #
TO H

HT PC O HOME PC1 REPEAT 230 [RT 1 FD 1] PC. O HOME

REPEAT 230 [LT'1 FD 1] FD 118 LT 797 5 FD 123 ;

END




'TO SQARES
REPEAT 4 [FD
END..

T0 SQ |
. REPEAT. 4 [RT
RT 90 -
FD 90

REPEAT 4 [RT
LT 90

FD 90 =
REPEAT 4 [R
LT 90 :
FD 90

REPEAT 4 [RT-
FD 90

REPEAT 4 [RT.
LT 90

FD 90
REPEAT 4 [RT
END

45

Tessellation of Squares by Vicki

RT 90]
SQARES]
SQARES] -
SQARES]

SQARES]

SQARES].

) 'SQARES]

*

Figure 3'

i
N

G
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Figure. 4

" Tessellation of Hexagons by Ray

*

T0 ALL

MOVE

" REPEAT 5 [S MOVE2]
PU SETPOS [-95 -55] PD o |
REPEAT 4 [S MOVEZ] FD-30 s
LT 90 PU FD 175" PO" RT 90 -

PU FD 15 PD. -

REPEAT 3 [S MOVE2] o
PU FD 30 LT 90 FD 122 RT 90 PU FD 15 PD. A

. REPEAT 2 [S MOVE2]

PU FD 30 LT 90 FD 75 RT 90 PU FD 15 PD
S : o
"END

‘F :

TO MOVE \

Py SETPOS [-120 -100] PD
- END A
Tos .
REPEAT 6 [FD 30 RT 60]
END '

70 MOVEZ . |
PU RT 90 FD 50 LT 90 PD
END® '

e .
by ?::'.'
g,

o

43
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Figure 5

Serendipidy Designs from Bugs

B v vt
.
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, Summary

This chapter descmbed the design of the study, 1nc1 uding the
sample. pi]ot study, procedures followed, and instruments used. The
‘setting in each school was described and 1nformation was. glven related.
~to the students and the tasks they were given, Students' gpproaches

~ to these tasks were sumar}zed.



_ CHAPTER. 111
o RESULTS OF THE INVESTIGATION
This. chapter provides a description of the procedures used in
'anaiyzing*the data and estabiishing the categories of bugs and
debugging strategies. The categories of hﬁgs'are then described and
‘ 1nformation regarding their frequency is provided. This is foiiowed

discussion then relates strategies to bugs. The studen attitudes

by 1nformation on the debugging strategies and their fr;zuency. A
toward bugs and debugging, as determined by the questionﬂaire,
interview, and log notes. are presented. A number of other reiated ‘

| considerations are then discussed.‘ : ]
‘-
Data Analysis Procedures

At the completion of each day s observation, . hard copy was made of
all the computer disk fi]es that had been saved during and foiiowing '
the work of the students. The corresponding hard copy was then
attached to the observation sheets for each'student. Log notes
written on éach student observed and generai school log notes were
also typed following each observation se551on. Samples may be found .
1n*Appendix 7 >
Analyzing the Observatlon Sheets |

. Using the observation sheets, the bugs which occurred in the

’ students work were. 1dent1f1ed and noted in the left hand column of

~ the obserVationisheet. The computer disk contents were also checked -

to clarify and verify the notes recorded-by the researcher. Debugging

@r ' ‘ 46
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strategies used by students were.noted in the right hand column of»the
observation sheet. | ,

* Upon,comp]eeion of all of the observations, the observation
sheets were analyzed and all buge'and debugging strategies.identified
were tallied. The bugs were originally tallied under 25 headings.

Thege were then grouped under 8 major headings. Strategies were first
ta]iied from the observation sheets under 36 headings and then grouped
. under- 14 maJor "headings.

when identifying the debugging strategies, it was noted that more
than one strategy was often used to get rid of a part1cu1ar bug. On
many occasions multiple attempts were also requ1red. The time
required to erad1cate a part1cu1ar bug also varied greatly. Although
precjse t1m1ngs were not kept on each bug, the variations were very
| obvious.” While some bugs were corrected a]most 1nstant1y, others
required nearly the whdle observation period to correct.
Relfability Check . |

Verifdcatidn of the jdentification and classification of bugs and o
identification of debugg1ng strategies was done by having an expert in
the field of Logo examine samples of the data(co]]ected. Eleven of
the 81 observation sheets were examined. InAan attempt to make the 11
observation sheef{,representative of the total, 3 were from School A,
4 fron écnodl B, and 4 from Schooi C. Three were first observations,
3 were second observaeions, 3 were fnird observations, 1 was a fourth
‘observation, and 1 wae a.fifth<observation. CA1l 11 werereoded on a
different ‘student, with 5 girls and 6 boys being included. The 11

~ observation sheets verified contained 20.6% of the identified bugs and
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€19.01 of the debudging strategies. In addition to the verification of
the above mentiohed sheets, a number of other sheets were éhecked in i
part, and consultation was obtained where the researcher had
questions. ” |

| In checking the papers, the examiner found no disagreemeht with
the researcher on'any of the identifications and classificatioﬁs of
bugs and strategies. : The examiner did find five bugs and four
strategies that the researChe;'had failedxfo code. These omissions -
were then added. Prior to réinstatement of the oﬁissions there was a
97.3% level of accuracy on the part of the researcher. The results of
the reliabi]ity check are found in Table 3. |
| Table 3
Reliability Check

Total  Total Error  Error  Omit . Omit
Sch Name Obs  Bugs Strat Bugs Strat Bugs Strat

‘A Carol 1 3 7 0 0 0 0
A Cindy 3 8 19 0 0 1 1
A Barry 3 11 23 0 0 0 1
B Mike 1 14 28 0 01 0
B Laura 2 2 11 0 0 0o = 0
B Linda 3. 19 31 0 0 1 0
B Mark 4 14 27 0 0 0 0
C Sandy 1 7 21 0 0 1 1
C: Trevor 2 9 17 0 0 0 0
C Troy 2 7 18 0. 0 0 0
C Ray - 5 15 30 0 0 1 1

Total 112 219 0 0 5 4

Percentage of Error or Omission - 2.7
Attitude Questionnaires |
Attitude questionnaires on debugging computer programs were

scgreq, total scores and sub-scales ta]liéd,'and transfered to a stem



and leaf display. The results of these scales Were related to
specifit students and compared to their comments on how they felt

about bugs and debugging, gathered from_the interview tapes.
- .

BugSQObserved in Studeots"uork
During the 40 hours and 40 minutes spent observing 20 students a
total of 528 bugs were observed in the work of the students. These '
bugs were studied to 1dent1fy similarities and patterns end were then
grouped. The following\gejor headings aod sub-headings reso1tedg . |
1. Dimension |
Length - of line, side of shape, between parts
Number of REPEATS |
Circles
2. Orientation - amount of turn \
3. Lateralizotion
RIGHT for LEFT
LEFT for RIGHT
4. Locating Origin
Locating starting position (corner)
Joining shages together
Positioniog parts
- 5. Omissions
PENUP - PENDOWN

Lines from notes

Forward and turn commands
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6. Excess
'Forward aﬁd turn commands
PENUP - PENDOWN
Brackets L .
variables, variable inputs
7. Syntax | A i"v
Spacing
spelling i7"
Other typing errors
Form - SETPOS, SETX, SETY
8; Misce]ianéous
Color combinations
Semantics - PU for FORWARD , PR for pen right,
EDIT, TO, REPEAT o

HOME, SETPOS, SETX, SETY - can't relocate shape

Incorrect mathematics calculation

.

-+

Logo SystemlBug;
Each observation session for eacl dent in each school was
charted, recording the bugs under the 25 sub-headings.” These were
grouped into the 8 major categories of bugs. The total number of
errors made per session, per student, per school, and per category
were calculated. A summary éhart of these findings appears in Table
4, Each of the»major categories is discussed”in the fo]iowing

paragraphs. Samples of siudent'work illustrating the various bugs are

discussed under the same major headings in Appendix 8.



Table 4
Bugs Identified

3 4 5 6 7 8 Total

NAME 1 2
Barry 20 g8 13 3 6 1 2 6 59
Caro) 9 2 8 5 2 2 28
Cindy 13 3 3 3 1 1 24
Connie 1 1 2 2 . 2 - 8
David WT 5 1 2 1 4 1 1 15
Don R 5 4 2 +4 3 : 18
Doug 1 1. 1 1 1 5 10
Mark 16 10 1 4 6 2 2 41
Mike 13 10 11 1 2 3 2 42
Murray 2 3 1 6 12
Lana 9 1 9 5 24
Laura '’ 4 1 1 3 1 1 11
Linda 7 2 19 1 5 1 35
Ray 22 3 3 5 6 1 2 3 45
Sandy 7 4 6 4 3 1 5 30
Shauna 5 8 2 6 4 2 3 3 33
Ted 4 1 4 2 2 1 14
Trevor 6 2 8 4 3 1 24
. Troy -8 1 6 7 4 3 29
Vicki 9 2 4 2 4 2 3 26
Sch. A 53 20 31 16 19 4 4 15 162
Sch. 'B 51 27 42 6 27 0 7 5 165
Sch. C 61 20 23 26 28. 10 14 19 201
Total ‘165' 67 96 48 74 14 25 39 528

4 L' .—r

Percent 3L ZWIZ 7 1872 9. 1 14, 0 gQ 1 4 7 7.4 100.0

:\‘ . R Lo
N é‘yw e "‘;' RIRCH LR PR o

i SN e e Syntax~;
B ‘ f&;i@@ M1scellaneo
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Dimension Bugs

The largest number of bugs in a single major category was classed
as dimension errors., Here there were 165 bugs or 31.2% of the tota]v
bugs identified. Ten percent of these were miscalculations in the
number of REPEATs required in designing a shape (square, rectangle,
circle, arc, etc.) or in determining the d{mensionS‘forué circle.
Handliﬁg of the cirtle presented more bugs for those students using
Terrapin Logo where there is not a predefined circle command.
ngnty—one percent of the bugs related to miscalculations in the
length of a 1ing, in the length of the side of a shape, or the length
of the distance between parts.
Orientation Bugs

Orientation bugs are those which relate to the heading of the
turtle or the amount of thé turn (angle) and account for 12.7% of the
total bugs identified. The students observed made extensive use of 90
degree turns, which were useful in many of the constructions being

done. Turns other than 90 degrees presented many students with

difficulty. The less regular the shape 4 re, 1ik§1y the incidence
of origq}ation bugs; Some of those students in School B who were
doing lettering found diagondls difficult-and were faced with bugs or
avoided the conventional form of the letter, making a U fbr V and a
double U instead of W. Orientation bugs were fregquent in the hexagon

tessellation work of students in g&hool C. Some of these resulted

from the inaccuracy of the hexagib diagram on the assignment sheet.

/
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‘Lateralization Bugs .

Latera]ization bugs refers speC1f1ca11y to’the confus1on between
‘r1ght turns and left turns. It may be thought that th1s would be a
,problem occurring at the 10wer grades but not at the grade 6 level
The f1nd1ngs show otherw1se. Ninety-six 1nstances of 1atera1wzat1on
were noted., This accounted for 18. 2% of the bugs. Although all of
the students. inwo]ved were aware'ofvthCh hand was r1ght and whwch was
- left, not all were sure which turn was needed when cons1der1ng the
¥turt]e s orientation. One student exp1a1ned that 1n1t1a11y she had
understood that the turn for the turt]e was a]ways the oppos1te of
~what it was for her in front of ‘the screen, and she had just learned
cthat it depended on the turt1e s heading: and not her position. Tt must -
a]so be noted that many of these bugs were the result of
fthought]essness and were quickly corrected. One student told the
:researcher that she thought most students put r1ght for left because
'-r1ght was more common (a right handed wor d) so these bugs were “
1ta111ed 1n two, groups.. In fact there were 52 instances of RT for LT'
and 44 1nstances of LT for RT. Seven students erred on the side of -
having»more RT for LT @bgs whi]e 6 had,more LT for RT bugs. Four’
tmstudents had the- same number of RTs for LTs and LTs for RTs, whiiel3
students were not observed making 1atera11zat1on errors.

In'School C, where the students had access to the computer Tab
and more computer time, and the programs were genera]]y more advanced,
only 11% of the total number of bugs were 1atera111at10n bugs. In |
School ‘A, 19% were 1atera]1zat1on bugs, and in School B, 25% were

~ lateralization bugs. These bugs appear to become Tess frequent with

i3
3
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erience eyen though the t@;k is more complex. In most cases

”5easi1y corrected. \Ogcy when the lateralization waéihotf‘
idevt jed as the»cauSe of the'problem Wasfthere difficulty.
Locatlng Origin Bugs . k |

Bugs c]ass1f1ed under 1ocat1ng or1g1n represented 9.1%. or 48 of
the total bugs. Locat1ng or1g1n uas deflned.to include the bugs'
\qccurring when a procedure or subprocedure‘was not started in the HOME
or’DRAH ppgition at the'center of the ecreen. The bug mayvcome‘at the
beginhing of ‘the procedure,:or where two subprocedures are joined |
togecher. These bugs, of,cOurse; related to ‘dimension and orientzciou
bugs, since distancevahd aﬁgﬁe “(or ppsition and headiug) were often
invo]ved._’The bugrwas c]aased'as a 10caf§ng‘origin bug whenlit .‘D
appeared to'be more than justua dimenSion or urientation problem, but
rather. a cpmbinatfon or ﬁactqrs;. -

The hajority'of the origin bugs pccurred 1nethe work'of students
who' were us1ng modu]ar programm1ng Th1rteen of the 48 bugs resulted
vfrom try1ng to f1nd a corner 1ocat1on or appropr1ate place to beg1n
the draw1ng Th1rty six of the bugs occurred when subprocedures were
being Jo1ned or d1st1nct parts of a procedure were be1ng 1ocate¢ |
»Severa] of these bugs occurred when students 1n School C were
‘te§se[1at1ng shapes, particularly the 1rregu1ar hexagon.. Many of the
‘'bugs were the result of a éubprocedUre beginning wifh a turn command.
The turtle wou]d.be‘positidned‘and then the subprocedure ca]1ed; only’

_q to have the turtle reor1ent itself before draw1ng. "This was

»1eépec1a11y d1ff1cu1t to control if thefturn appeared in the beg1nn1ng
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»
’

‘of a RE$£AT statement. Some of the bugs resulted from difficulties

M
/
M

with the SETPOS command. ) » S

0I1551on Bugs‘
Bugs of omiss1on accounted for 14% of the tota]. Over half of

these bugs were the omission of PENUP or PENDONN or both Other

things counted as omissions 1nc1uded the fa11ure ‘to 1nc1ude a line or

lines of the procedure when copying from notes, fromvimmediate mode or
4

from another part of - the program being used as a pattern. If changes

were 1ntent1ona11y made when copying these were not counted as.

%

omiss1ons. The om1ss1on of ‘the turn command or forward command in a

REPEAT statement was also cons1dered here when it was. obv1ous ‘that it

\

was an om1551on and not just a m1sunderstand1ng of the REPEAT
statement.‘

Excess Infornat1on Bugs

fu

_ Excess 1nformat1on in the procedures was. cons1dered a bug only

o

when 1t interfered with the resu]t expected A number of instances of

exce 1nformat1on went undetected by the studgnt. Examp]es include

.‘«F
PU HOME PD when the turt1e was a1ready at HOME, PU turn PD, retracing

a 1ine dr shape for?no apparent reason, moving the turtle w1th PU and
then not followifg: the move’ with some act1on and»REPEAT 1[0 .. . ]
when just the bracketed part is needed. Excess procedures wereba1so
_wr1ttqh and then later abandoned. These were 1nc1uded as .bugs only if
they in fact resu]ted in bugs dur1ng'the1r construct1on andknot

because they were there as excess. Bugs noted in th1s category that

did.affect the resu]t1ng graphics included excess length and turn



o tota1 bugs and included such th1ngs as spe111ng errors, obvious typ1ng

commands, excess PU and/or PD commands, excess variables, or inputs.
These bugs accounted for 2.7% of the total.
Syntax Bugs

The category of bugs classed as syntax accounted for 4 % of th%

i, P

N

errors, missing spates, SETX SETY or SETPOS format or 1ncorrect name ”¥
for a procedure. )
'H1sce11aneous Bugs

The-rema1n1ng 7. 4% of the bugs were categor1zed as m1sce11aneous.

These bugs included ;uchuth1ngs as the m1sunderstand1ng of the

negative coord1nate va]ues for the DOT command problems in rotat1ng

or mov1ng a shape that has a f1xed pos1t1on command such as HOME

SETX, SE?Y or SETPOS in, the procedure, pen co]or-not.v1s1b1e on

certain backgrOund colors, us1ng TO and ED 1ns1de a procedure, errors

I

in mathemat1ca1 ca]culat1ons performed with pencil, semantic prob]ems

with REPEAT PU (expecting turt1e to move forward to top of screen)
and PR bexpecting turtle to move over to the r1ght), and a LOGO SYSTEM

BUG. o e

DebuggIng Strategxes Observed in Students Work .

The grade 6 students observed in th1s study demonstrated a
\/

yar1ety of debugg1ng strateg1es, w1th a heavy re]1ance on a few
strateg1es. There were a total of 1206 strategies 1dent1f1ed on the

observat1ons sheets. These were recorded under 36 head1ngs, wh1ch ‘
>

were then grouped into 14 maJor categorles. These major headlngs and

«sub head1ngs are listed be]ow.
&l



1.

2.’

Imﬁediate mode
Observe and Change
-vMissing 1ines

“Lateralization

PENUP - PENDOWN

Length or degrees

3, - Guess and Check

5.

‘6‘

7.

' ComparéAIisting’qﬁ

Location of bug, RIGHT, LEFT
Trial and error
Reasonable guéss

More precise

" Aha.

Play Computer - Search.Listing

-«

Line by line

Compare ootes ¥df]{sting' f

Compare noués and -graphic.
“l .

Play Turtle - Physica1 Referent

Walk

Move body, arm;vhand, finger

Ruler or pencil:

CLEARSCREEN - Start Again .

Delete - Start Again

)
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8. Simplify
SETPdS SETX SETY -
REPEAT. B %f*?g,
Subprocedurés’v | o _2%;;\;,‘
9. Seek Information :
Book or chart _ : "1)'
Friend | |
Teacher
Researcher
10. Follow Pattern
'iil. Error Messages
12, Change Plan of Approach
13. Abandon or Change Task
14. Miscellaneous
Draw diagram
Make notes _H
"Calculate numbers 1 ‘
. Abandon or delete’ procedures or change order
Use <CONTROL> G STOP PRINT POS

_Exper1ment with 1nputs for variables and color

The major strateg1es and the1r sub- head1ngs will be discussed 1n
th1s section, as well as the frequency of use of the strategy.. Tab]e
.5 gives the number of t1mes each strategy was used by e;ch student
Samples of students work 11$tstrat1ng the var1ous debugg1ng

strateg1es are included and d1scussed in Append1x 9.



Name

Barry
Carol
-Cindy
Connie
David
Don
‘Doug

Mark -

Mike

Murray.

Lana
- Laura
Linda

Ray
Sandy

- .Shauna

Ted
Trevor
Troy

Vicky .

Sch. A
Sch. B
1 Sch.{C_

Total

~ Table 5

Debugging Strategies Identified n

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total

5 12 30 1 10 0 12 7 2 12 6
1 7 25 3 15 5 2 2
2 4 23 4 14 6 1 6 5 1 1 6
1 2 2 1 3 2 , 1

4 4 8 6 -~ 4 1 1 2. 1 -1

3 14 2 2 1

1 3 4 6 2 1 1
g8 5 5l 5 2 1 2" 1 13
6 5 3 4 1 1 2 3 1 2
2 3 14 6 .6 1 ‘ 1 7
7 22 1 4 1 2 o 3
31 .19 4 5 1 1 2 5
7 20 52 5 1 8 1 1 2
16 13 44 1 741 4 2 7
17 12 3¢ 2 2 24 33 202 2 1
11 6 232 8 9 7 1 2 4 2 4
3 1 36 3 2 11 6

14 7 65 45 2 2 1 1 3
3 8 20-1 1 5. 2 701 2
4 8 19 12 -3 1 1 2 1.2

14 - 35.106 9 48. 0733 .5 9 ‘16(. 6 6 3 16
27 56 147 19 21..5 5 1 2 14 5 5 2 22
€8 55 201 6 12 87,26 12 6 12 14 6 1 25

104
79
53

140
50
44

306
331
569

109 146 494 3¢ 81 97 62 18 17 .42 25 17 6 63 1206

;\;)Perceng,Q.O 12.1 41.0 2.8 6.7 7.6 5.1 1.5 1.4 3.5.2.1.1.4 0.5 5.2 ,100.0

\

o

Key to Debugging Strategies Identified

1. Immediate Mode ‘ 8. Simplify

2. -Observe and change 9. Seek information

3. Guess and check 10. Follow pattern

4. Play computer - check listing - 11. Error messages

5. Play turtle - physical referent 12. Change plan of approach
6. Clear screen - start ‘again . 13, Abandon or chafge task

7. ‘ -

Delete - start again 14. Miscellaneous
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Immediate Mode ' | o : e

Since one criteria for the selection of students for the study
was th;; they be able to worklin proceddra] mode, it was first thought
that work done in immediate mode would not be anaIyzed‘for/ougs and
debogoing strategies. It was,found~ho=ever, that for a feu‘students
nearly all'deougging took place in immediate mode, and odly those bugs
that resulted from imoroper entry of;notes taken during i;medjate mode
actually-occurred in o}ocedural mode. Therefore work done -first in
immediate mode as well as work dope in procedural mode was amalyzed.
Except1ons to this were a few isolated instances when the nesearcher
was unable to.record all the changes made in a. rapidly executed series
‘of changes, where the immediate mode workawas more of an exploratory
natube, or where the stodent-worked with a full graphics screen and
the keyboard input was not visible.

As mentioned, for a few students immediate mode was sometimes.
used first as a strategy for working out the bugs as well as for
_p]aoning,mbefore enterfng'any commamds into~proeedura1 form. The
.’majority of students, however, used 1mmed1ate mode ‘as a debugging
strategy followino.the eotry of part or all of a procedure. Hhen a
bug occuroed or when- the student was unsure.of the next part of a
proeedure he/sme resorted to immediate mode to work it'out. A totaJ
of 109 instances of the immediate mode strategy Qere recorded, or 9.0%
' ‘of the total debugoing strategies.- |

" The amount of time spent work1ng>1n 1nmed1ate mode varled
great]y -In one 1nstance "the whole per1od was spent work!ng in

immediate mode and mak1ng notes in ‘& notebook In several 1nstances
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the majority of the period was spent working in immediate mode, theh
transferr1ng notes to procedural mode. For many students only short
segments of the pe;1od were spent working in immedjate mode. A few
students did v1rtua11y everyth1ng in procedural mode, and did not mafg'
use‘of this strategy more than once or twice during all of the times
they were observed. |
‘ observe and Change, Add or Delete
In 146 (12. 1%) 1nstances, students were aware, as sobn as they
. executed the procedure, what thé bug was and how to make the necessary
| chénges; Just observ1ng the graph1c resu]t was all that was
necessary, and usually no other strategy was ev1dent In fact, on a
couple of occasions the student reentered the editor and made the
changes ‘even before execut1ng the procedure, say1ng, “oh, I forgot
ceete There was seldom any hesitation in locating the exact spot in
~the procedure, to insert, change, or delete, or any hesitation in
“knowing what to insert, change, or delete. These instances wereé then
classified as observe and ehange and treated apart from}those in the
" next section, where it appeared that the student was guessing.
The observe and change strateey was most often the one occurring
'when the student had a lateralization bug. It}was also used in :
‘conjunction with PENUP and é%ﬁboun %m1ss1ons.
Guess and Check

Guess and'check was used in a variety of situations ‘and with a

-wide range 1nxa§curacy. Included are'the very accurate, educated

guesses, ofte\éﬂﬁde to determ1ne precise va1ues, as well as the

obvious tr1- ,and error or random like guesses. Included a]so are the’
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~reasonable guesses and the “Aha", insightful instances. With the
eiceptjon of 2 students this was the strategy used most often and it
accounted for 41.0% of the total debugg1ng strateg1es. The 2 students
for whom.it was not the most used strategy did much of their work in
‘immediate mode and did use the observe and change strategy in a number
of instances. Guess and check was often used repeated]y in order to
remove one bug, and each of these trtes was recorded.

In many cases th1s strategy was used to obtain a more suitable .-
value for a length or turn command or for a tery'precise value, while
many‘other cases were ciearly trial and error attempts to eradicate a
bug. Sometimes th1s strategy was used in actually locating the bug in
a procedure when it was not known exactly what was wrong. In a small
number of cases students assumed that 1t might be an 1ncorreCt turn,
left for right or right for left, but did not know and were guessing.
If they had known the instances would have been .classified as observe
and change. Twelve of the 494 guess and check tnstances were also
recorded as insight or what one might call the "Aha!" experience, when
suddenly the student "knows" what it js. In fact, not all of these
instances of insight did eradicate‘the bdg.-

Playing Computer or Playing Turtle

Playing computer usually refers to going step by step through the
listing and either mentally or w1th penc11 and paper do1ng each
comnand as the computer would do it. . With much of Logo being graph1c
" and focus1ng on the mov1ng of the turtle, playing turtie 1nvolves the
use of body movements or some physical referent to determine the

N

orientation and movement. . - : -
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Playing computer accounted for 2.8% of the total debugging
stretegies. Students were observed searching for the bug by working
line by line through the listing, comperjng the listing to notes,
comparing the listing te the graphic either on the‘screen or on paper,
or comparing the notes to the screen. or papervgraphic. Notes#héne

were usually those ﬁade by the student Ghile working at the computer,
:usua11y 1n immediate mode, or notes prevaous]y written out and brought
to the computer.

P]ay1ng turtle involved the use of a physical refenent such as a
penc11 or ruler, f1nger hand arm, or the body and accounted for 6.7%
of the total debugging strateg1es, with the use of the fingers being
the most common. On occasion one student actually ]eft ;he computer,
taking pencil and paper, and waﬂked out the turtle's projected path.
The physical referent used often related to determining orientatian,
and was usually used in congunctlon with some other strategy, often
guess and check.

Clear Screen and Start Again

This strategy relates closely to guess and check, but adds that
extra facet of having a fresh start by Clearfng the screen while
working in immediate mode. Clear screen and start aéain accounted fof-'
7.6% of the total strategies. It was Lsee predominantly by 2 students
who accounted for:69 of the 52 uses and included the Eepeated use of
procedures in immediate mode 1in erder to decipher how to conrect them.
Delete and Start Again | |

when a student did more than just correct the bug in a proeedure

by deleting the actual bug, but rather deleted several commands, parts
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: ’
of a procedure, or whole procedures, it was recorded as a<delete and

start again strategy. The student wanted a fresh start rather than
try to fix the bug that existed, and would sometimes deleté back to
the brevious point at which the procedure had been teésted and was
known to be functioning correctly, or f%r enough back to be relatively
.sure that the bug would be deleted. This strategy accounted for about
5.1% of the total. |
Simplify

On a few occasions students were observed simplifing thé approach
.that they were using in order to get rid of the bug. This involved
switching from the use of SETPOS, SETX, SETY, and REPEAT to a string
__of.single commands, from the use of a subprocedure, and from the use
of variables. The removal of a turn command at the beg}nhing of a "
sdbprocedure was also seen as an attempt to~simplify. Approximately
1.5% of the debugging strategfes were classed in this category. Only
one example was -observed where 2 student simplified, worked out the
bug, and then returned to a more complex level.
Seek Informatiﬁn

Seeking-information accounted for 1.4% of the strategies. FEach
of the following,strategies occurred only once; Jge a book, consult
with a friend, and consult with the_teaeher, On many occasions
questions we’ a;ked aloud and of the researcher. These Qé;e, if at
all possible, treated as if the student was just thinking aloud and
not résponded to by the researcher. Eleven instances, or less than 1%
of Ehe total debugging strategies were recordgq as seeking help from

the researcher. These were cases where the researcher felt compellied



Following a Pattern ‘*;;f

T e
Forty-two_1nstances, or 3. 5@ ofbthe tota1 stnateg1es, were noted

as following a pattern. These 1hs%%uce§#yefe those whqu@the student
actually copied a séquence of JiNes oﬁ%ﬁsed values obtained from

observing the pattern being establ1shed. These were considered apart
from the idea that much of what the students do comes from patterning.

\
For example, the use of FD 40 and FD 20 for the height and width of

o
letters was not included.
&
Error Hessages

0f .the total debugging strategies, 2.8% involved the use of error
messages provided by the computer. The error messages relate closely
to the syntax bugs. Students usually note the message and make the

necessary changes at once, but it was observed on more -than one

v

occasion ‘that the student ignored the message- when 1t was noT

preventing the cont1nuat10n of a subprocedure, then later, had to dea1
with it when executing the superprocedure.
Changing the Plan of Attack

This strategy was used 1.4% of the time, sometimes in conjunétkon

i

. , o | |
with deleting. Students were not changing or simplifying. the task byt
just tackling it from a different ayp]e. ? R

A
Abandon or Change Task - ’ R ;

Only three instances of abandoning the task were observed. Two P
of these were tasks that had been set by the student, while one was'q%7i

specific assignment given by the teacher. Three instances were hotedN
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where the task was chanéed by the student. A1l of ﬁhese were changes
in student set tasks. Abandoning5and chang;ng‘thé task dEcountgd for
0.5% of“he strategy uses.

. No attempt was made to fnclude what might be considered changes
' in the intent of the assignment, since such changes appeared to be
unintentional and a result of not clearly understanding and
interpreting the assignﬁent. Also some aﬁsignments weré very open to
interpretation or suggested further exp]oraiion.
Miscellaneous Str;:égies | "

The number of strategies included in this section is small
(5.2%), but some of them were especially effect1ve. While most of the
students had some strategy listed as miscellaneous, the majority of
the uses were made by 6 students.’

Mathematical calculations on a set of numbers was observed as a
strategy on seven occasions. Admittedly, many more ca]uc{ations were
done mentally by students throughout their work, which were not noted
as & strategy. 7

Four instances of drawing a diagram were noted, while 23
instances of making notes were observed as a debugging strategy. Someﬁ
of ﬁhese instances involved making noteg throughout the entire period,
of all work done in immediate modg!l;

A number of abandoned procedu;;s are evident in the disk files of
the students. Some afe_there as a result of the misspelling of a

procedure name and were not erased, while others were subprocedures or

procedures which were tried and .then deserted. 0Observing and changing
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the order of the use of subprocedures and the location of the
subprocedure w1th1n the superprocedure was also noted.
The: use of the PRINT POS comMand by one student was a strategy

used to determine the 1ocat1gn of the turtle 1n 1mmed1ate mode so that

-

it cou]d be directed to that pos1t1on w1th1n the procedure. Us1ng

,<CONTROL> G and STOP'to help 1ocate a bug,were strategies used by 2 .

students. ‘ v ta S | : N
Exper1ment1ng, ma1n1y with var1ous background and‘Pen colors, was

done by severa] students. One session was a]so spent exper1ment1ng
N B N [

with cirle: construct1on, and ‘one with recurs1on. 'Whenﬁunsdre-of the |
“hnecessary 1nputs to a procedure 3 students were observed-using
var1ab1e inputs and" then exper1ment1ng unt11 the necessary 1nputs were

@known. Two perlods were spent by a student who was exper1ment1ng w1th

a FAN procedure prov1ded by the teacher. ' ' . ;”"'fy' )

&

R How Stratques Relate To Bugs
More than one strategy was often used to erad1cate a part1cu1ar

" bug. Th1s is 111ustrated 1n the last part of Append1x 9. Fuﬁther

.I

: "N\$
-;evmdence for th1s is obta1ned by compar1ng the tota] number of“bugs
: -

'found and the tota] number of.strateg1es used “Nhile there were 528
bugf recorded there wene 1;06 §trateg1es or 2 3 t1mes as.many Thts
is the resu]t of two factors. On some 0ccas1ons two or more S
strateg1es were used together on a s1ng]e bug Th1s was:often the
efcase with 1mmed1ate mode and ‘guess and check phy51ca1 referent and
e

guess and check phys1ca1 referent guess -and check, and 1mmed1ate

; mode and 1mmed1ate mode, c]ear screen and guess and check The
B . . » .

s
"



“.’om1ss1on bugs | requ1red dOﬁf@tgempts at correct1on.;
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second factor resu1t1ng in a h1ghef/number of st;ateg1es beqng used
than bugs occurr1ng was the need on many\occas1ons to make more than
'* one attempt to eradicdte a s1ng1e bug. Th1s was done by us1ng the %ﬁ

»

same strategy. repeated]y or using var1ous comb1nat1ons of strateg1es

"y

on success1ve attempts. Tab]e 6 shows the re]at1onsh1p of bugs to

‘ debugg1ng strateg1es. .

¥

S1nde gueséhand cﬁﬁ%k d§ the most used strategy account1ng for.
494 of the 1206 strateggausﬂﬁ- or 41% 1; 3 not surpr1sing that it is
the predom1nant strategy used for 4 of the 8 classes of bugs. The 4
classes of bu95~not hav1ng guess and check as the predom1nant strategy
for remova] are 1atera]1zat1on omission, Syntax and m1sce11aneous.
Not tount1ng the 17 m1sce11aneous strateg1es used on%bugs c]assed as
m1sce11aneous, there were 15 uses of guess and, check and 15 uses of
'_de1ete as the pred0m1nant strategy in dea11ng with m1sce11aneous bugs.

kN Lgpera11zat1on bugsqﬁere cdrrected more than 52% of the t1me by

#

Just observ1ng and chang1ng.f Guess and check immediate mode and&gﬁ
'phys1ca1 referent a]so were used repeated]y. Latera11zat1on bugs were

usua]ly.corrected on the f1rst attempt, rs1nce the 96 bugs required

. v t . [G . R .
only 115 strategy ‘uses. '.‘ ' B : e \
n ~
2
Om1ss1on bugs wh1ch usually 1nvo1ved PU and/or PB were a]SS
i

B often solved by the observe and change strategy. “Guess and check _
checktng\tgne/by 11ne through the listing, - and phys1ca1 referent a]so

played an 1mportant ro\e in the correctt@n of om1ss1on bugs. - The 71

~
IR RERAE W LI T S



_Relationship Bet

¥

e

Strategy 1
Imm. mode 23
Obs-ch 15
Guess-ch. 203
List . 11
- Phy. ref = 21
Clear Sc 3
Delete 8
Simplify 1
Seek info » 2
Pattern 24
Err mess
Ch. plan ]
. Aband-=ch ¥
-~ Miscell 14
Tbta]

TotalTBugs_

329

165

10

182

67

Table 6

Kind of Bugs °

3 4 5
12~ 46 a
60 2 45
22 124 21

2 2 12
10 16 11

2 72 s

TR CRNE B
1. 8 |
; ? 42

/ 2 2
( 1
9 1
l,'n
3 .14 4
. 115 314 106
',96\g¥;f8 7%
Key to Kind of Bugs
. Dimension
. 2. -Orientation
3. Lateralijzation’
4. Locating Origin
5. Omissions
6. Excess
7. ‘Synatax
8. Misce}]anequs

32

14

ug"

P

oW

16

43

25

Il

ween Type of ‘Bugs and Debugging Strategies |
Used to Eradicate Each Co

69

8 Total
11 . 109
5 146
15 494
2 34
2 8l
2 92
15 62
4 lﬁ;‘
6" 17
6- 42
425
31
3 6
17 63
95 1206
39 528
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? 'attempts to erad1cate them or 6.5 times more s

=

b

X o R , 76—

-The”o?ed;minate'strategy.for correcting,sjbtaxoerrors was the -
error message provided bv'the compUter,‘although guess'andhcheck or
observe and change and delete were also used. Delete refers to the
de]etlon of the line or sect1on cunta1n1ng the bug and not JUSt the
correction of the actua] bug. -

The 48 1ocat1ng or1gtn bugs accounted for 314 strategy uses in

ies were used

‘than bugs rec ded.y These were the most.d#*f1cu1t of- the bugs
observed to deal with and 1nstances of 7, 8, 9, 10 and’ even 16 tries,
some w1th mult1ple .strategy uses, to erad1cate one or1entat1on bug |
were noted. (This area seemsﬁto have the most unsolved bugs, a1though
it is d1ff1cu\t to. determ1ne, since many progects were not completed
durwng ‘the research observat1on time.) The or1g1n bugs also‘drew a
heavy use of immediate mode, guess and check and c]ear screen for_a v
fresh start strateg1es. Eight of the 18 uses of s1mp11fy and 9 of the

17 uses of change p?ans also re]ated to or1g1n bugs. *

Hh11e some bugs were ma1n1y‘dea?t with by uswng one strategy,
others ‘were handled in numerous ways. Also, some- strategtes were used .
mawnly for certa1n bugs wh11e\Q§§frs received very wide usage. “The
vast maJor1ty of a]] bugc were .‘alt with until erad1cat1on was
ach1ev‘ | “ _ ‘ o o

L3



. Attitude
The ‘attitude of students while working on computers appeared to
be very pos1t1ve. Students came willingly to work at the computer.
Often three of four students would meet the researcher at the
beg1nn1ng of the mornlng or afternoon asking-to be “first". ~Several
students asked to work through the1r recess or into the;noon‘hour
‘period “and on a number or occas1ons students w111ingly,stayed to work
on the computer wh11e c]aSSmates went to the 11brary, music or phy1ca1
ﬁatton class. These classes are often ones that students do not
w1sh to m1ss, but a turn at the compﬂter was’ nmch des1red as. well.
Don was the only student ‘who at any time 1nd1cated that he d1d
not wlsh to come to. theﬁsﬁmputer for a turn. As soon ‘as he was —
@ y

' as ure8 that he did not need to. come, he was there, settled 1n w1th1n

."

T

T ﬂ er -
turn later in éﬁp day %&9 this yas granted._ o

Aty
: _Conn1e who was a new member of @he c1ass and fairly new to Logo,
)

a very few m1nutes and had. a prof1tab'le turn. lje requested & secm.

appeared, at times to lack confidenc%’and Sought reassurance. Vicki
also was a somewhat reluctant worker“ Both ‘of these g1rls were/ﬂ

fp]eased\to be able to work at the comﬁuter but are c1teé heré as

i

belng 1ess keen than the maJor1ty of the stude ts.

The other 16 students portrayed a cons1de able amount'of;
. ' Y
1nterest eagerness, and pf%asure in be1ﬁg able to work at the "

computer._ Th1s showed in the1r desire to have\a turn, the enthus1asm
VAR
with wh1ch they actua]]y worked and the p]easure they expressed as
» o
_uthey comp]eted the task or a pigt of. the task Examp1es of '

‘ - o - y
: . T -
> s » . Ty e B \ .
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‘ obigrvation and log notes are in¢luded in Appendi* 10‘to‘1f3ustrate v
. the 1nterest of the' students. |
Attitude Scale - Debuggindito-puter Progra-s
A1l students in the study comp]eted the 24 item att1tude scale
patterned after the "School SubJects Att1tude Sca]es“ by . Nyberg and.
Clarke (1979) found in:Appendix 2 Students chose between the blpolar

_pairs, “and could obta1n $cofjes ranging from +48 to -48 Item 1 on the,

sca]e.f;ﬁiywsfﬁ an example.

hd B
v e . . _Jﬁﬁt wqrthless

).-

7ff_st blank the student WOU]d score a +2 or a ~2 by .
,ch@ckfniijr last blank. The second blank would rate a +1, wh11e‘the‘

second last btlank wou1d rate a.-1.. The middle b]ankf'a»zero, would #ﬁﬁk
- * . L] n : » )

not affect the score.’

o

Th1s scale contains three sub scales; eva]uatlon (happy, lively,
like, fa1r, interesting, active, engoyable, favor1te) was signified by
a positive score, usefu]neés gworthwhxle student centered,:paact1ca1,

'*xpemment va]uable, 1mportant .good, necwary) was s1gmf1ed by a
[ ¥

bt p051t1ve score, and’ d1ff1cu1ty (Hg secure, strange hard fa1]ure,
slow, unsure, tense, abstract) was s1gn1f1ed by a negat1°e score.vh)

Each sub- scale has e1ght items Aor a poss1b1e score range of +16 to
l

-16{ The scores from the 20 students are’ dep1cted 1n the stem and

o

Tleaf charts in Tab]es 7 and 8. S 4 ' - -

© .
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Ondthe total scale. one quarter of the students scored at 33 or

>

' above, with the two top scores being 45. There were one quarter of y
the scores below 14,‘with'the lowest score -2, The mean wasv23.35.
[he usefylness scale rece1ved the h1ghest score with the mean being
10. f wh1ie the evaluathn scale had a mean of 8 35. The mean on the
d1ff1cu1ty scale was 4.9, w1th scores dropp1ng as low as -6. d

Hhen cons1der1ng the ‘total score the debugging of computer

*programs rece1ved a strong*posttive rat1ng by the students. Only one
negat1ve score occurred among the 20 students. The 4 students who -
gave the lowest rattngs on the total scale were“David, ”Conn1e, Troy, .- '

‘ and Qoug. Doug rated debugg1ng low on al] three sub sca]es,mwhdﬂe&ﬂv ;a

o eTroy 3 nanﬁfappears Tﬁ the bottom four oh a@ﬂ but the dtff1culty

suﬁ’sca1e. Conn1e S name. appears in the bottom’ four on evaluatlon and

d1ff1culty, but is among the top four on- usefu1ness. David's name is
among the bottom four only in the usefulness sub-tcale. The other

scores in the bottom four on the sub;scales appear on only one = ﬂ%

. - . '“!'5,
sUB-scale and not in the total. They are Carol's in evaluat1on, and

&

~ . A ',“,

Lana's and Linda's 1\ dlffwcu]ty. v _ , PR

5 .
’\»

- e

The 4 students who gave the h1ghest rat1ngs on ‘the total scale
were Cindy, Maﬂi Ray and Mufray. C1ndy andwMark were among the top
four on all three sub sca]es. Ray was among the ’op four on' ! ;_ggr
usefulness and d1ff1cu1ty, wh1le Murray was among,the top four on
.evaluation. Connie, was a]so among the to fSG} on usefu]ness, while
Barry was the other student among the/tog/iour only on the d1ff1cu1ty

//
' sub-sca]e. (It must be remembered that hav1ng a h1gh score on ‘the.

s



'difficulty'sca1e, means that it was consjdered~1ess difficult, since
this scale is associated with a negative rating.) | |
Those students whose names appear in the bot tom fourgon any of
the scales (Carol, Connie, David, Doug, Linda, Lana, and Troy) are
tnose the researcher would describe as be%gethe least advanced in

the1r Logo programmIng, with the except1o of Carol and Troy. Troy

was able to handle subprocedures nicely and was using varlables. 1 ?’?'

-

of tnpse students whose names appear -in the. top‘four on any of

the scales (Cindy, Mark Ray, Murray, Barry, Cond1e Laura), Barry,
‘f ‘\
L

- Connie, and Laura wou]d not be considered espegﬁally s;rong or

advanced progrannmrs. Conn1e was a recent begwnner and may with more

experience do quite nicely. @”" L

Final IntquIeus ,

During the last visit of the researcheﬁ'to each school students
were asked to respond to a number of 1deas. Questlons were read to théw
students from the interview form found 1n Appendlx 3. Students were B
able to refer to the form or have quest1ons reread 1f needed. The1r

oral" responses were tape recorded and are pr:nted and d1scussed here..

’“;For the first four questions students were expected to select one .

-

- response, but some chose two. Second and th1rd choices were
encouraged on questlon five .but not all students gave three choices.

Thus the percentage tetals do not all equal 100 _ o
\ ~N 4
1. Completing a tasg (prob1em or procedure) that I start is

. .a. very important .- 40% L

-

b. important - .60%
c. not important 0%

d.’ other . S0
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2. When. I hawe difficulty doing 2 task 1 feel

a. challenged - 75%
b. unsure ' - 25% .
c. discouraged - 10%
d. other 0%

3. When 1 make errors I

a. want to correct them immediately - 85%
b. want to come back to them later - 15%
“c. never want to correct them o 0%
d. other « o - L 0%
4. When I have all the bugs out of my work I feel
a. satisfied - 35%
b. reljeved but want easier work next time - 5%
, Co encouraged to try something harder - 65%

d. other - 0%

5. When I have difficulty do1ng a task I ]
+ . 1lst choice 2nd choice 3rd choice

: a. qu1t ‘ T - 0% 0% 0%
N b. try another approach =~ - 55% w0 5%, - 5%
c. look for materials to use - 52 - 20% 0% "

d. ask a classmate for help - “25% 3% - 10%

e. ask a teacher for help - 15% > 25% - 10%

f. look at other programs - 0% - 5% - 4 e O

'Students appear to be very,comm1tted to their task when they work
on the computer. Completing the task was cons1dered 1mportant to
Shauna because "You’ 1earn more if you comﬁ%ete 1t. If you Just leave

» it you weq;t 1earn anything. In reg%%nseate’quest1on 2, Dav1d
replied, "I'm gonna go ahead and try it aga1n, and just keep on trying

y
only three tasks were\recorded as being abandoned, and the comments

till 1 gft it!" Nhen cons1der1ng the 81 observation sessions, where

and cho1kes made by the Q:Xdents, it appears thag) “there-is a strong
. conm1ttment to complet1ng he task and working out th\\bugs that are

there“ There is a]so a‘aes1re by- the majority to work out the

d1ff1cu1t1es on their own by trying another approach to the problem."

4

BT
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David's comment was. “['d try it myself and then if it's really bad,
1'd ask for help."”

The erfors or bugs that .occurred in the work of the students
J

;4nterv1ewed are seen by most aé a challenge, which they take up

immediately. Many of them are encouraged to tryasomethwng harder when
they accomplish the task of removing the bugswfrom their program.

Only 1 student indicated that she nould want easier work next time,
and no one wished to 1eave errors uncorrected.

How Do You Feel About Bugs? This question was asked of each of

the 20 students interviewed? Their answers were varied and

1nterest1ng They are recorded here.

Cathy; It can be confusing, but if you real\y try you can usually

ES

- fix them,

Cindy: Well, actually, [ like fixing up all the mistakes [ do

se 1'm learning a lot. Sometimes it's good to make

i - mistakes cause if you've always got someone to tell you

! .
everyth1ng then you never 1earn. Most of the time they say

e Bue o iy © T

you 1earn by your m1stakes. fResearcher Do you be]ieve
that' s true?) Y ' S
Connie: I don't really like them cause you have to go- ‘back and you

Y

have to figure eyeryth1ng out,and it takes longer.

Barry: - I.don't like them that much. Sogetimes they can be good -

N , ¢
O like they 90.. and make mere thlngs for you. They mak e

some n/g,(that you didn“t want and when you. s;e\what it is it
j/loa(g/a ]1tt1e better. Sometlmes they .go around and. serew up

* your whole program. ’

y ) -~
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SR ,,9: 'Q& z %‘
,,(r,?r. : '
Don: I don't like tham, “1f you think of a realmgqad pz?gra and

o~

¥
then you get a bug-in it, it doesn't turn out rrght. Cﬂut
A » [ Y

you can fix it, can you?) Ya. (How do you fee] theh’)

Relieved. K N

4
1 LI

B
David: [ like to get 1t out and then the program is good. You get

the bug out and 1t,sﬁokay then., Then you can do whatever you

want. ‘ ﬂﬁ}
Doug: I Took forward to getting‘thém out.
Ma(k; - They're okay. Everybo&?#gakes'miStakes.
Mike: Not very good. x7 ,'. ‘- '

Murray: 1 kinda feel frustrated but at the end I feel good if I can
fix it. | | )
Lana: [ don't like them. I don't like them cause they make you
héVa hardly any time tdvgouqﬁ'wfth your work. But Ehen an
another way they are ‘good causé,it makes ; heﬁpﬁ‘yoé iearn
when you have to do it over again. = A»-vg: o
Laura: Somet1me they tan be hard and somet1me§ they can be easy -
like in the LOVE program that’I did, it was kind of hard
cause 1 couldn't figure out what wasbhappeningfto mj L or
what was happening to my E.l It just éot me so corfused.
" Then once you 1ook at it again and try to f1gure it -out it
i just comes to be gett1ng £easy. After 1t s all done I feel .
_ good. . . s
"<L1'nda:' - 1 get kmda mad - cause, weﬂ T‘e weH [ don"t know, ‘I'
| ' ”JuSt get mad and go back. 1nto my program and see what the _

.prob1em ‘iSr. o 4;:’ * et o } i
<4 ;. IUTREN AT S N P 1' .é . ,”",_.: K
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Ray: [t takes you awh11e. : ,
Sandy: They're okay! They" re “not bad when you figure tnem out.

Shauna: If they are 1ntepest1ng (make an 1nterest1ng des1gn) 'you

]
%

figure out how they do it.

Ted: I don't really 11ke th" . Hhén youfare7doing a program and

have 1t done, when you run your

o

~you think you are

program and it dpe® i, thén you ﬁaye 40 spend some more
, N |

time and get the t.

w

Trevor: They are a 11ttlg.hﬂt frustrat1;P at times - when you have a

progect to do «w,gﬁnnthwng they get frustrat1ng at t1mes.

Troy: [ don't think about them much, I Just try to get them out -
try to make them - not there any more. 1 don't think about
them much.

P

Vicki: [ don't like them.

Learning More About L0go.- All of the students in the study
indicated that tﬁey would 1{ke to know more a50ut Logo. Some of the
things they were interested in learning were: how to make desYgns and
patterns, angles, shapes, circles,gthe‘editor,-other commands, gaining

more contrq], SETPOS, how to fill a shape, how .to, make our owe

'procedures,'hoﬁ to make everything work better, how to program like

&
our .teacher doegf and just everything.

The students had several ideas as to how they could learn more.

*

" Many took for granted that they were learning in school from the

teacher, while othefs specifically mentioned the teacher. The

‘following information resulted from tallying the resbonses ef ﬁhe‘ZO
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studénts. They were asked, "How can you find out more?" Their |

responses are -recorded below.

Source } of Responses
Teachers 11 b »
Books - : 11 : !
. Experimenting 8 ‘ ‘
.o Classes & Camps 5
Friends 4 :
Someone who Kknows 3
Parent 1

Many of the students held the teacher in very h1gh’esteem. ‘They
wished to program like "teacher does . One said x"(Teacher) knows

alot! He hasn't got around to teaching us all 6f it. We can't spend

all of our time on computers.”

Bugs and Causes. Students were asked in the interview tq
identify their most common bug and then tell what caused most of their
bugs. The results of}the!' answers are d1scussed here. Students'
responses did not1:;tch very c]ose]y with the tabulated observations
of the researcher, Some students may have been referr1ng to then@
most difficult rather than most common bug, or those uppermost in
their minds due to recency,‘ The dimensioh bug was the most common bug
identified for 14 of the students. (For 2 of these it was tied in
frequency with another bub;). Only 2 students thought the dimensian
bug was their most common bug.  Six students thought 1atera11zat1on
| was their most common bug, but for only ™ of the'6 did this actually
agree with the findings. Five students thought orientation was their
most common bug, but this was the case for on]y 1 student. The
se]ectmns of the students did not corre]ate well with the findings %fk

e P

the .observations. It 1s posswble that bugs mentioned were ones which

»
=%

Lo . A



- 81

S ' a
were‘panttcuiarly frustrating, recentz er unique and possibly
.~mentipned for that reason, while the dimension pug which was so cdmmon
was expected and accepted

) . N
Responses to, “What is 1t that causes most of your bugs?"

+ . N : ~

inckyded:
“The‘conmands you give;_ljke you might sdy LT when it should be
RT.Y -
_ ”Left‘R{ght bugs - I used to a]waysgtnﬁnk that it'was\the
opposite way - somebody told me that. Like on the screen it was
different - the right would be here and the left WOu1d be here instead
of the left here!and the right here. It depends'on which'way your
turtle is facing. When‘ne Jook at. the sc%een.this is our right and
. onr left, but when you're facing this way, it's d1fferent.

-

"I had to move them. I wasn't sure\how to do it so I just put
that and after I saw what I had done 1 had to go back and put some
moves ih_there.f .

“Not being careful.”

“PU, PD -'forgetfu]. Forward - you just don't know how far to
go, and when you turn you don't know which way to turn sometimes."

'"I just get mixed up."” |

"I m not sure cause I don't write it down. I just go straight to
the procedures. I don't really . . . p]an ahead cause if 1 plan ahead
] just can't imagine it on the screen,”
| "When you're doing the stuff on the computer\(immediate mode)‘

under the.screen and writing it in your paper, sometimes you -don't

write. all the procedufe and you forget something and it just misses it
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out. It's more fun to type on the computer than to write it down in
your book. éeop]e think, 'Oh, I'11 remember it all,’ and’then when it ,
comes to doing it in your procedure you forgot if you.wrote 1t down.'
“Carelessness. Sometimes [ just forget and sometimes I don't
mark it down in my book. " . ' .
| “I jukt get nervous and I forget what I'm do1ng and 1 write one
and 1t s not. r1ght S0 then I write the other one." (LT or RT)
“You copy wrong." (From immediate mode.)
"Not paying too much attention - just typing:—f1ike you think you
know what it is but just typing you rea]]y don't. \ | |
"You're not. putt1ng the right angle - the right turn’— 1eft and
r1ght and 40 and 50
" "Just not knowing how b1g it has to be. Figuring out how big to
have each shape-and have 1t fit the\screen. |
"I need to experiment and that causes bugs -.which way.to_go."
‘(Getting.a plan.)
‘Strategies. students were asked, "When you have bugs in your

¢

work what do you most often do to get rid of them?" The Tist on the
student -interview form, which appears in Appendjx 3, was provided for
students to observe and comment on, or they could just discuss those
strateg1es which came to mind. ‘Some of the strategwes ‘which rece1ved |
a h1gh number of student responses but were se]dom seen by the |
researcher such as . ask teagher or fr1end wr;te notes, and draw d
diagram, may have been used more by students 1f they had not' been 1n'

.the direct observation situation of this project. Their responses are

- summarized in Table 9.
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~Seventeen of the 20 students indicated that they mede use of
guess and check as a strategy for geﬁting rid of bugs. Fourteen
students said they wr1te notes, 14 use their fingers, ‘hands, or
'pencils and 14 f011ew 11ne by tine through the listing compar1ng it
with the resu1t1ngAgraph1c. Ten students delete, usua11y just a part
of the procedure, and start over, and 10 students said they'asked a
teacher or a friend, although meny indicated that that would not be
their first apprdach. Drawing a djagram Was mentjoned by 9 students;
_ Table 9 |
Strategies Students Say They Use .

\_ ’

17* Guess and check 8 Calculate numbers

14 Hrite notes 8 Consﬁ]t baok or chart

lﬂ.‘Use finger, hand, pencil 8 Follaw line by line - notes
A\ .-14 Follow lines - graphic 4 Play turtle

10 Delete and start over 3 Modular programming

10 Ask teacher or'friend 4 Experiment** |

9 braw a diagram 2 Immediate mode**

8 Look for a pattern
* Number of students out. of 20 who sa1d they used that strategy.
** were not on or1g1na1 list. Likely reason for the few choices.
looking for a pattern, \ca1cu1at1ng numbers, consu1t1ng a book or
chart, and comparing the listing to student notes were each ment1oned
by 8 students. Four students 1ndicated that they play turtle, while 3
said that MOdular programming was a help in debugging., Four students

mentioned experimenting and 2 .mentioned working out bugs in immediate

v



mode. UNeither of thege items were.on the list provided. H;d they
been”fhey likely would haQe been chosen by a larger: number of |
. spydents.v The pencil turtle - turn Chart item wasfnqt'se1ected as
tﬁese were not available to the students in the study, éifhough they
‘had been observed in the pilot study school. | _
The term modu]ar programmlng was not known to many of the
students and many d1d not use this sty1e of programm1ng If students
ésked about the. term on the list, it was explained. Cindy commented
" on the usefulness of modular programming by saying, "That's what I'm
: @o1ng with my FACE (the name of her program). Ya, it (he]ps‘to get
rld of bugs) cause instead of just calling up the whole program ... if
yoﬁ break it up into procedures like that it's a lot easier. You
know, 1've got it all procedured out - right? Instead a lot of
people, what whey do is just make it one long one and put everything
in it and if you got mixed up and you don't name it when you're going
to have to go :through your whole program fingering it out and fﬁguring
it all out. So it gets réal]y confusing, but if you have different
procedures and stick them together you don't have tofdo'as much, well,
it's just easier.”
N Other Considerations
The topics discussed in this section were noted as the study
grogfessed. Although they are not necessarily bugs or debugging
strategies, they relate to bugs and debuggihg and often have a bearing

on the effectiveness of the students as they program.
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Mo?e of peve]opment | g4é%ﬁ |
The 81 observations of the 20 students in the study were
classified as to the mode, immediate or procedural, in which the
vdeve]opmeﬁt took p]éce. Two students did all of their development in
&mmediate mode and then transfefed their work to ﬁroceduﬁal mode.

There were also: 2 students who did all of their developmeﬁtal work in
procedural mode. Six-students did all or mostly all of the
developmental work in every observatijon 1in procedurai mode. When
considering fhe total number of observations, 43% of them were done
totally in procedura1 mode and 67% were done mostly or totally in D
procedurq] mode, while only 14% were done totally in immediate mode

and 22% done mostly or totally in immediate mode.

Tap1e 10 depicts the distribution of the observdtjons according to

mode. This information can be re]ated to specific stﬁdénts in thé

study by examining the data in Appendix 5.

| Table 10

Immediate Mode Verses Procedural Mode
for Program Development

Number of Observations

Time ¥ Immediate Mode Procedural Mode
Al - - 35
Most - 17 19
Half ‘ o S 9

Fifty-three of the sessions began by the studént working in
procedura] mode. Twenty sessions were started in immediate mode,
while three sessions were started with the student doing some

experimenting. There were five sessions where the student began by

debugging work from the last session.
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Procedures and Subprocedures

Although. some develobmenta1 work was done in immedjété mode all
studénts were writing procedures, if not to develop their work, at
least fo retain their work. In only one of the 81 observation periods
was there no pro;edure written, added to, or debugged, and that period
was the first shqrt period {n which Murray worked only in immediate

mode, making notes. He entered the procedure during the second

N

observation period.

Seven of the 20 students did not use subprocedures at any time
during the observations. The complexity of superprocedures and
subprocedures varied considerably. Cindy wrote a superprocedure
calling eight subprocedurés, while several students had °
superprocedures calling multiple subprocedures. A variety of
techniques were,used for joining. procedures. Cindy had one
superprocedure which called the eight subprocedures in turn.

TO MJ

PU

LT 90 ‘
FD 24 '
PD

REPEAT 18 [FD 30 RT 30]

JA

PU

FD 20

PD ¢

JA2

NOSE

MOUTH

EAR1

EAR2

VG

‘TEETH1

END
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Kelly's superprocedure calls three procedures, two of which call

subprocedures. The structure of his program looks like this:

ALL ‘
- REC6 - MOVE
- RECS T
- REC2 - used 4 times
- REC7 - RECZ
- MOVEZ2

Trevor's program, shown in Figure 6, is an exémplé of the way in
which some of.the procedures wérexchained together, with each new
procedure written-calling the one before it,

| Figure 6
Trevor's Hexagon Tessellation

TO SHAPE
RT 90 FD 20-RT 45 FD- 20 RT 45 FD 20 RT 45 FD 20 RT 90 FD 20
END

0T —

SHAPE . : .

RT 45
.FD 20
RT 90
" SHAPE
END

TO S .
T .
BK 20
RT 45
RT 45
RT 45
SHAPE
- END .

T0 ¥
—
RT 45 _
FD 20
LT 45
S

END
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Ray's first session was a beautiful example of top-down
structured programming. After checking the. location of
SETPOS [-130 -113], he began:

T0 C (Started to put CASTLE but was not sure
FRAME how to spell 1t.) '

BUILD - .

BUILDZ

BUILD3

BUILD4

DOOR

END

He said, "Do that for now," and then proceeded to write procedures for

FRAME amavthdgjgﬂﬁiD hen Ray came back for the next session he

continued on, But rather that 7= *“rp?ocedure to test his work

”

% by 0
as he went, he chained the procedures t09ether in a manner like that

mentioned above. When questioned about this he explained that he

liked to do it that way (chaining) until he was finished and then he
would remove Ehe procedure names and call sthe superprocedure. He did
not 1ike to have the messages saying, "1 DO NOT KNOW HOW TO DOOR (or

the next procedure undefined)" appearing on the screen.

o

Meaningful names for procedures and subprocedures appeared to be
important to some students but not to all. This did‘not appear to be
an important factor in debugging’ﬁ?ocedures, as the students were not
working with a lot of procedures at any one time. It is interesting
to note,_that of those students who used four or more subprocedures,
all but two used méaningfu] names for their procedures. The two
except%ons did use some meaningful names but net all. Tﬁis can be

B

observed in Appendix 5.
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The te%tiné and debugging of procedures was frequent and ongoiny,
Gtudents did not usually develop more that a few lines at o Lime
without testing and debugging. This was true not only for those who'
worked with long linear pr0cedures‘bu£ also for those using
subprocedures.

Preventative Debugging

Sometimes stwdents engaged in activities that appeared to be
measures taken to avoid the occurrence of a bug (preventative ’
debugging). Testing a procedure a second time to determine the
position (location and/or orientation) of the turtle in an attempt to
avoid an interfacing or joining bug was an example of preventétive
debugging. This practice was noted on several occasions. Ray made
use of PR POS to determiﬁe the location of the turtle so that the
correct coordinates could be use in the SETPOS command. Many
instances of using a physical referent such as the hand or arm‘for
determining the correct orientation and -avoiding a lateralization bug
were observed. The physical referent was also used as a debugging
strategy. It was first intended that immediate mode work be listed as
preventative debugging, and in some cases it was, but considerable
actual debuggiqg as wé]] as procedure deve]ophent takes place in
immediate mode.

Refining; Expanding, and Exploring

Refining, expanding, or further exploring after the task had been
completed and the procedure worked, was not a common occurrence. A
few of the students spent time exploring with their procedures by

changing input values. This ‘was the case several times with those
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ctudents who made use ot color.  Various background and pen color
combinations were tried, A fnw instances of retining also occurred,
REPEAT statements were used to replace d number ot single conmand
11nes and the replacement of repeated lines with a subprocedure were
observed. - Two of the students used d process of editing gut the
RETURN key strukes to draw the string of commands into one Tine to be
included in the REPEAf statement.
0ff-Computer Debugging

| Throughout the study the majority of the students did not work on
the computer or on their programs except when being observed. In
School B it was apparent that the students discussed their computer
projects with each other, and shared ideas about possible projects.
The commands that Mike used to make the heart shape were shared among
other students, but Mike was able to handle them well, doing the
necessary debugging and making size adjustments to meet his needs.
When Murray came to the computer for one of his sessions he indicated
that he had thought about the problem he had making the letter N and
was going to try it a different way. He did have some difficulty with
his new approach as well and commented, "I don't really know what [ am
doing. 1 should have written it down." Sandy started a session
without loading her file from the previous day. She wished to have a
fresh start and made a regular hexag@n instead of the irregular one
she had previously used. Trevor also indicated on the last day when

the interviews were held, that he had a new approach to try on his

hexagon procedures. Some discussion had gone. on among the students



i School 'Coand they were attempting to assist each other an the
process ot debuyyging. ’
Number of Tries Per Bug

Not every buy 15 edasily rnmovudVPan dftqr it has been
identified. Many buys required multiple attempts and often several
ditterent strategias in order to be successfully removed,  This is
evidenced by the fact that 528 buds were recorded and 1206 strategies,
Lateralizétion bugs, penup/pendown omidsion bugs, and some syntax buys
were among the easiest to correct, while thqse of locating the origin
point, especially when interfacing two procedures or subprocedures,
often required many attempts, and much more time.
Time Verses .Accomplishment

The amount of work accomplished was obviously dependent on a
number of factors, some of which are; the difficulty of the task, the
experience of the programmer, the knowledge of the programmer, and the
style and aggressiveness of the programmer. The work of 3 students is
included Figures 7, 8 and 9 and discussed in this section to
illustrate thé variety in accomplishments. A1l three of these
students were considered to be average or s]ight]& above in their
academic work, and they aT] have above average scores-on.the
inte]leggnce tests. Carol had been exposedyto Logo over the longest
period of time and Connie the shortest. The first is the work of
Connie who was relatively inexperienced and somewhat reluctant. She
worked on her project for 30 minutes. Connfe worked on these
procedures again during the next period, putting the three of them

into a superprocedure. The next is the work of Ray who is a quiet,



Contrdent , tarrlby aggressave worker. He spent b minutes on hire
projoect,  Ray worked on this project daqgain the next day, completing
the dots across the front and adding a door.  Last s the work of
Carol who also appears quiet and contadent but not aggressivie. “She
worked tor 40 minutes on her project. Carol also rjér prned to her
progect the next session, remoyving the bug and mak 1 nqg her dvnlqh nto

two symmetrical sets of three squares ecach,

Figure /
Connie's Work - Three Procedures - 30 Minutes

T0 FOUTBALL
REPEAT 4 [FD 40 RT 90)
END

TO Tt
FD 50 RT 90 FD 25 BK 50
END

TO YOU
REPEAT 2 [FD 60 RT 90 FD 90 RT 90]
END




Figqure 8

Ray's Work - A Castle - 35 Minutes

, %
o« .
P RAMI s . N
BUILD S o PR “
BUlLLDY 111 l
BUTLD3
Bl na e i
DOOR 1L
END

......

TO FRAME

PU SETPOS [-130 -113]

PD FD 150

REPEAT 12 [RT 90 FD 10 RT 90 FD 10 LT 90 FD 10 LT 90 FO 10]
RT 90 FD 10 RT 90 FD 150 RT 90 FD 250

RT 90 1 4

END

TO BUILD

FRAME Py

FD 150 RT 90 PU FD 20 PD LT 90 FD 50 .

RT 45 FD 45 RT 135 FD 82 LT 90 PU FD 10 RT 90
END

70 BUILDY

BUILD

PD LT 180 FD 50

REPEAT 2 [RT 90 FD 10 RT 90 FD 10 LT 90 FD 10 LT 90 FD 10]
RT 90 FD 10 RT 90 FD 50

END ‘

7O BUILD3

BUILD?2

LT 90 PU FD 20 PD LT 90

FD 60 RT 90 FD 50 RT 90 FD 60
END
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Figure 8 (Continued)

© 70 BUILD4 | : h

BUILD3 3

LT 90 PU FD 10 LT 90 PD FD 80 RT 135 FD 60 RT 45 FD 46

END ‘ .

&y

T0 DOTS '

PU SETPOS [-130 —113] LT 180

FD 100 PD

DOT [-120 -131

DOT [- 110 -13)

DOT [-100 -13]

pDOT [-90 -13]

- poT [-80 -13]
_DOT [~70 -13]

END

Figure 9
Carol's Work - §ymmetrica] Squares - 40 Miﬁutes ‘

TO WAS -
REPEAT 4 [FD 60 RT 90]

. PY

RT 90

FD 10

LF 90

FD 10

PD

REPEAT 4 [FD 40 RT 90]

RT 90

FD 5 -
LT 90 . S
~FD 5 - : -
PD.

REPEAT 4 [FD 25 RT 90]
LT 90

LT 90

PU . . .
FD 15 A -
“RT 90 A
FD 10 . g /
LT 90 L ,
RT 90 . - L ; ,
BK 3 .

) fy
" REPEAT 4 [FD 60 LT 90]

END. ¥

P
. _\‘N’/. =



Bug Serendipity { 7

On several occasions bugs resu1ted 1n very attractive des1gns
that were not sought for as part of the task being/done. These br1ng
'surpr1se and pleasure to the students, and somet?mes distract them
momentarily from the original task. These 1nterest1ng, unexpected
designs he]p'add acceptabiTity to errors that occur in the procedures
students write. A few examp]es of the graph1cs displays, from the
work of students tesse]lat1ng hexagons mnd from M1ke S recurs1ve heart:
procedure, were 1nc1uded in Figure 55/

.‘Bugs Verses Ab111ty '

The total number of bugs per student is not a very mean1ngfu1
f1gure in most cases. There are several -reasons for this. First, not
all students were observed for the same length of time. Second]y, not
a]] students worked at the same speed or accomplished the same amount

Therefore, a low number/of bugs does not mean that the student is a ‘

superior programmer, nor does a h1gh number of bugs mean that the

student is a weak/programmer. In fact the converse is more likely to
\
be true.: //

Styles of’Proéramming Exhibited by Individuals K .

A variety oﬁtprogramming styles were observed. The work;Of some
students w111 be mentioned briefly 1n this sect1on.

Lana S work was representat1ve of the linear or “spaghett1" sty]e
programmer The whole procedure was one long str1ng of commands - each

on a separate line. The complete program was contained in the s1ng]e

procedure. Althoudh she would do a short section and test that,
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k "z’*f' sectjon, Lana's final work showed no sigs of modular or .structured
; programming.
/‘\\ Linda's program consisted of a number of subprocedures, each
n ca11ed in success1on by the superprocedure. Her subprocedures
resembled the "spaghetti" program except that 1t was chopped into
short 1engths with the breaks coming at Jogical 1ocat1ons such as the
end of each 1etter in the formation of the word LOVE. In one program,
\ Linda showed that she had some idea of effective modu]ar‘programming
when she repeated the use of one subprocedure in the superprocedure.
Mike uszd)subprOCédures‘and also used several multiple .command
xJines. He showed skill in adJust1ng the order of ‘commands within a
| procedure 1n order to avo1d the restricting use of HOME
Ray had a good grasp of Logo pr1m1t1ves and used- them to his
advantage The conmands within each line were grouped for clarity and
'procedures were named with thougrt His programming was very easy to

follow and showed ‘a 1og1ca1 organization of subprocedures and

superprocedures In the first observation session Ray- showed a very
e;cellent example of a top down structured program

Trevor spent some‘of his computer-sessions experimenting.' He
liked to try things oggﬁand see what resulted. Other sessions were
spent with a definite project jn mind, during which time he
demonstrated a clear understanding of modular programning. He‘a1so
made use of top down structured programming.

The majority of Donfs work could be referred to as relatively’

2

undirected, accidenta] programming; me‘wou1d type in lines with
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strange number combinations and multiple commands within REPEAT
statements, and wait to see the result.

Troy made use of subprocedufes and syperpocedures. ‘He sometimes
msed a chaining technique to Jjoin his procedures. For examo]e, REC4
\called REC3, which called REC2. This technique‘was seen in the work
of several students.

Although the styﬂes differed, all students encountered bugs. They‘
had developed some skill with debugging strategies and worked at
attaining a bug tree program.

Other Difficulties Stddents Encountered

A_number.of difficulties were faced by stodents. Although these
are not bugs they may have been the cause of bugs and did present
debugging prob]ems to many.

Having a turn command at the beg1nn1ng of a subprocedure or as
the first part of the REPEAT . command was one of the most predominant.
difficu1ties Students would get the turt]e pos1t1oned and then call
a subprocedure that started with a turn command only to have that part -
of the diagram at the wrong angle. Often students d1d not know why
the join was not properly made. Somet1mes they knew why, but had
trouble compensating for the beginning turn. got f1n1sh1ng off a
shape with the final turn to achieve the totaﬁ turtle trip also caused

problems when joining subprocedures.

Many students found it difficult to determine the length of

diagonal lines. Some also were unsure of the turns needed if the

£

diagonal did not use a 45 degree turn. \



98

The REPEAT command was misunderstood by a number of studénts.
Several students would put a forwardQAé turn, and a forward within the
brackets, when they really wantedAjﬁét a forward and a turn, or wanted
a forward, a turn, a forward, and a turn. Several stuQents were not
_able to make a rectangle using the REPEAT command. Trying to insert
too much with{n the REPEAT also made it diffi;u}t fér students to
understand what they had.

Another minor difficulty was faced when students(%rieq to debug
procedurés with the turtle hidden. This was especially troublesome if
the bug was_the result of a missing PENDOWN comménd.

. Some studenté faced problems in trying to interpret the
éssignmeét Others had little idea of projects to try on their own
when they had completed the ass1gnment given by the teqcher. Other
students,were pleased to have the freedom of choosing their own taskél

| Summary

This chapter pro;ided an explanation of the data analysis
‘ brocedures aﬂd information on the bugs observed and the debuggiﬁg
strategies used by grade 6 students. The strategies wére related to
the bugs and students opinions were reported. A discussion of

students' attitudes and a number of other considerations followed..



CHAPTER IV
~ SUMMARY, FINDINGS AND IMPLICATIONS,
CONCLUSIONS ANB%RECOMMENDATIONS
A summary of the 1nvest1gat1on Y presented in the first part oq
this chapter. The findings and ﬁﬁggnjimp1icatlons are discussed and
re1ated to the 1iterature reviewed. Thfs js followed by an
enumeration of the conclusions drann fron the study. Finally, some

recommendations are proposed for research and for teaching.

‘Sunlna ry

In the area Qf computen programming instruction in school, and
specifically in re]aNion to the use of Logo in the classroom, there is
considerable focds on the importance of debugging Logo procedures as a
valuable aid in the deve]opment of thinking skills. It is pertinent
then that the’proeeés of debugging be understood.

The major purposes of this study were to:

1. identify and classify the bugs present in the work of
students,

2. identify the strategies that students use to debug Logo
programs, and |

3. dedcr1be the att1tudes of students toward bUgs

The data for this exploratory study of Eogo programm1nggbugs and

debugging jstrategies exhibited by grade 6 students 1h 3 e%em@htary
.schoo1s in Edmonton were co]]ected during January and February, 1985.
The schodls were chosen with the assistance. of -.the Edmonton- Public -

School domputer consultants. Teachers and students who were actively
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involved in Logo programminé and willing to participate in the study
were selected. Students were chosen in 2 of the schools by their
teachers as being representative of the class in regard to_Logo
prograhming. In the third school all of the grade 6 students were
observed in the split grade 5 and 6 classroom., A fairly wide range of
programming ability was evident. Actual programming assignments were
those given by the teacher as part of the ongoing brogram.

Each of the 20 students -involved in the study was observed an
average of 4 times fof an average of 30 minutes each observation
period; a total of 2 hours per'student. In addition, each student was
also involved in a préliminary acquainting session and culmination
questibnnaire'énd tape’recérded interview sessions. Durjng the
‘observations, exten;iQe notes were taken, disk files were kept, and
tape recordings were made where possible. The notesrtaken included
the actual input students were entering at the keyboard, the comments
made and actions observed, and notations about attitudes evident. Log

notes were also kept throughout and at the end of each day.

Discussion and Implications of Findings
Bugs '

Amoﬁg the 528 recorded bugs, a to£a1 of 25 types of bugs were
jdentified and grouped into 8 categories. The categories, when listed
in £he order of frequency of bugs with the number 6f cases in
parenthesis, are dimension (165), lateralization (96), omission (74),
origntation (67), locating origin (48), Qyntax (25), excess (14), and

there were 39 miscellaneous bugs.
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The dimension bug, which accounted for 31.2% of the total bugs
récorded, was the mbst prevalent bug for 14 of the students. (For 2
of these students the number of dimension bugs was the same as the
number of bugs in another category.) Orientation bugs (12.7%) were
also very prevalent. Since the students' work was graphic and much of
it was without set dimensions or orientations, it was not surprizing
that these bugs were common. Relatively little formal work in school
has been dene with degrees. It is surprising, therefore, that
students do as well as they do in‘the area of orientation. The less
fegu]ar the shape the more likely the incidence of orientation bugs.

"The number of lateralization bugs (18.2%) was higher than
expected by the researcher, considering'that the students were in
grade 6. It was evident phat those students who were more experienced
and engaged in more.advanced programming tasks had fewer

Tlateralization bugs. Small pencil turtles which jndipgte left and

I
K
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e

right-would be useful for those students who hgxeinuﬁérqug
lateralization bugs. '

Locating origin bugs (9.1%) were very,time consuming for students
to remove. .This was 1ikely because a combination of factors was often
involved including dimension, orientation, the semantﬁcs of the SETPOS
command, and éhe logical thinking required.' It was. also noted that a
turn'command at the beginning of a subprocedure made @he situation
more complex. The difficulties experienced by children in this area
support the writings of Solomon (1975, 1976), Watt (1979), and Gorman
(1983).
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Locating an appropriate origin presented students with the most
difficulty. The majority of unsolved bugs was also related to origin.
The provision of manipulafive‘aids and chafts would be of value in
this area. Either individual student or wall cﬁarts of the Logo
screen coordinate grid could be designed by students and used as a
reference when needed. | —

Syntax bugs (4.7%) were not nearly as prevalent as the researcher
had anticipated. Since students had not had keyboarding instruction
many more typing errors were expected. Also the limited background in
Logo might have resulted.in more incorrectly formatted commands. It
appeared that most students worked fairly carefully and avoided
commands if they were unsure of the syntax.

Students often forgot to include PENUP and PENDOWN commands. 0Qne
wonders if the reason for this frequent forgetfing is related to the
attention that is placed on obtaining the correct déstination for the
turtle. Whatever the cause and wherever the bug (at the beginning of
the main procedure, within the procedure, or in.a subprocedure) it
<till had to be dealt with by every student in the study.

Meaningful procedure names were used by éome students., The
encouragement of this practice is advisable, especially as students '

write programs with mu]tible subprocedures. Clean files were kept by

a number of students, while others made no attempt to delete

procedures no longer desired. These procedures were sometimes
mistakenly called again, especially if the name was not descriptive.
Some bugs were easily corrected in only one attempt. This was

true for the majority of the lateralization, omission, and syntax



bugs. Other buys were much more difficult and time consuming to

correct and involved several attempts and often a combination of

strategies. Locating origin bugs, found- in the work of those students

tessellating shapes as well as other origin bugs, were especially
. ot
difficult. Up to.l6 attempts at correcting 1 buyg were recorded, and

in excess of attempts per bug were evident on a number of occasions.
. ) 4 v L ‘.‘

. R e
Dimension and¥prientation bugs were frequent but many of these were

easily corrégﬁzg because they often needed only fine adjustments for a

T
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fpified strategy uses were grouped under 14 heddings.

i
" order of frequency, are guess and check (494),

it

-The étrategies,
observe and change (146), immediate mode (109), clear screen and start
again (92), play ﬁurt]e - physical referent (81), delete and start
again (62), follow pattern (42), play computer - search listing (34),
error messages (25), simp]ffy (18), seekwinformation.(17), change plan
of approach (17), abandon or change task (6), and there were 63
miscellaneous debugging strategies.

A wide variety of strategies was used by some students while
others used relatively few. Most of those students who haa a.high
number of miscellaneous strategies were also using most of the other
13 identified strategies. It appeared that the programmers considered
by their teachers and the researcher to be more advanced were also
those using a wide variety of debugging strategies. 5

Using error messages effectively resulted only 1f~students were

familiar with the error messages, knew how to read them, and

/
C
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understood what they meant. Error messages were received by several
of the students. In many instances the message referred to syntax
bugs, were understood, and npcessary_debugging took place. Un some
occasions the message wd rod or not understood and was not dealt
with until no other alternatives existed. Since the work of some of
the students was at a relatively simple level, they did not receive
more than the simplest messages. The use of STEP, TRACE, WAIT, and
PAUSE were suggested by Gorman (1983) and Nelson (1985) as effective
debugging strategies. These were not used by students in the study
although one student did use <CONTROL> G, one used STOP,‘and another
asked about slowing the turtle down. The use of error messages and
built in debugging tools may be more evident with more advanced Logo
students, although Weintraub (1985) indicated that highschool students
do not use the error messages fully in the debugging process. This
may be an area in which some instruction is required.

Playing c0mputef, Sr going step by step through the listing doing'
what the computer would do, a$ suggested by Bruce (1980), was‘a‘
strategy used by 13 studen;s in the study. Twelve of these students
plus another 3 were also users of wﬁat has been called playing turtle,
as suggested by Solomon (1975), or using a physical referent and
following the movement of the turtle. The results of this study
support the earlier research on the effectiveness of playing computer
and playing turtle, but not in regard to the effecti;e use of .
manipulative aids. Manipulative aids, suggested as a debugging device

by Solomon, were not used by students in the study. t is assumed

E



that the students in the study did not have access to aids that could
have been used for debuqying purposes.

Desk checking for bugs, as suggested by Cassel and Swanson (1980)
does not appear to be a first step in debugging for grade & Logo
studenés. In only a very few instances did students come to the
computer with programs written in advance. Most students worked
directly at the keyboard, composing and constructing the program as
they worked, either 1in pro'&edura] or immediate mode. ¢

The use of immediate mode to work out difficulties was valuable 1
to students, even when they did not take notes to transfer into
procedural mode. The combined strqtegies of immediate mode and making
notes could be recommended to students. For those students who do all
of their program development in immediate mode some encouragement
could be provided to use it less often. If used just for resolving
difficulties or testing ideas progress could be speeded.

One fairly effective programmer in the study who was noted using
top down structured programming on occasion, said that he didn't
. rea1]y plan ahead and write things down, but just went straight into
writing procedures. Another said{he pictured things in his head
rather than drawing diagrams. The careful p]anniﬁg, writing, and
checking on paper that Cassel and Swar on (1980) discuss is not an
approach used by the grade 6 Logo students observed in this study.

The statement by Leron (1985) that suggestions to plan ahead or look
back are often met with resistance Ly children may explain the lack bf

planning ahead by students in the study and also the unneeded

procedures or parts thereof which were not removed.
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I students were required to, do some preplanning during thevr
utf«computvr'timv, they would likely henetatoan PWO wdys. birst, o the
planning time would result in a more caretully structured procedure,
Secondly, hands-on time would be used more wff\riwnt!y tor entering
and debuyging rather than planning, f

Those errors agpoaring in the work &f the students are limted by
the type.of assignments they were involvcd 1n and by the degree of
sophistication and level of programming expefti%e the students had
attained. Students working at more advanced levels would likely
encounter some of the same bugs but would also encounter others such
as those met in 1ist handling, mathematical operations, conditional
statements, interactive procedures, handling outputs, and file
commands. One student referred to conditional statements but said
that he.was not sure hb@ to use thgm. The student who had a recursion
bug in his work was also not aware of how to use conditional
statements.

Some strategies which may normally occuE were not present or very
rarely seen during the study. Only one 1n§tanceleach of asking a
friend, asking the teacher, or using a book was recorded. This was
11ké1y due to the nature of the study and the fact that the résearcher
observed, took notes, and in some instances tape.recorded in close
proximity td the student. A number of instances of talking to or
asking the researcher occurred, and_though response and help were
seldom provided, one would assume that talking through the problem may

have been a helpful strategy. Bruce (1980) and others would agree

that this is a useful debugging strategy. ,
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Attitude

Responses to the adapted Nyberg and Clarke (19/9) attitude scale
indi«dtud positive to very positive attitudes toward the debuygging ot
Logo programs, with only one negative total scale score occurring,
The highest scores occurred on the usetulness sub-scale, while the
lowest scores were on the difticulty sub-scale.

The COnmentSWfrom the interviews with the 20 students, on’ how
they feel about buys, indicate that negative feelinygs do exist for
some of these students. However, many of the students displayed and
expressed 4 very positive attitude, The relationship between
attitude, ypngth.of time the student has been involved with Loygo, and
the degree of understanding and success with Logo is not known.

A posiﬁive feeling of control and success cannot be expected to
develop for thé student if he is not successful in debugging the
program. Those using multiple attempts to eradicate one bug often
worked without showing signs of frustration, but some of them did
express the concern that bugs take too much time. There were very few
instances in this study where the student was not sucgessful or at g
leaét partially so. Occasionally the student wOu]d adjust ‘the task
but usually they appeared to be satisfied with the results they

i

obtained. Abandonment of the task occurred only three times.
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. Conclusions

‘The following general concluding statements are suppobtéd,by the
results of'tﬁjs study. H

1. The Légo programming work of grade % students results in many
and varied bugs.

2. The moéf brédominatéibug which occurred was dimension,
1nc1ud1ng 1ength of line or side of shape,, distance between parts,
number of REPEATs, or c1rc1e d1mens1ons.

..?:3} Lateralization (confusing left and. r1;ht) omission and then -
ofientation bugs were next in frequeﬁcy, fo?1owed by 1ocat1n§ orﬁgin,
éyntéx, and excess.' | |

4. Many and variéd straﬁegies were‘usgdlby the students: in order\\
to rfd their progréms of bugs. )
| 5. Gueés‘and check was by far the most common strategy,
‘accountiing for 41% oflthe‘uées. Gueésés varied from being very®
feasonab]e and accurate to being very unreaéonab]e.ang random.

6. Rarely (O 5%) did students abandon or change tﬁé task as a
strategy for dea11ng with bugs. ’

7. Mu]tlp]e strateg1es were often used to correct the same bug.

;8. Many bugs required more that one attempt at debugging before
they were eradicgted. | 7

9. Latera]ization and omissfon bugs were usually debugged by
observ1ng and changing. | |

10. The error message prov1ded by the computer was usually

sufficient to correct syntax errors.
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11. Lateré]iiafion bugs were the easiest to debug, while
locating origin bugs were the hardest. )

12. Students attitudes regarqing debuggifg ranged from positiQe
to very bositive. Bugs were disliked by some students, often because

%ié%y ;eré@time consuming,.but were seen by some as a way of 1e§rning
things they might otherwise miss.

13. Students stated as well as illustrated their‘Eommitment to
the comp]etjoﬁ/of tasks andvthe challenge of debugging{“

14. Lité}é_eyidence of detailed planning prior to keyboard work
or 160k1ng back:tgxéefine a procédure or make it more efficent was
noted;

15. Ass{gnments giyen to studenté we;é fairly open ended and

provided for the needs of most students. There was a wide range of

results produced by the students.

%
£ Recommendations for Research A

This study was exploratory in nature and therefore limited in

scope. It would be desirable tombbser§é and compare the results when

a more tight]y contro]]ed classification of student abi]ity,'know1edge
of Logo, and expeéienbe with Logo was used. '
Some studeﬁts made use of’a wide variety of strategies. A heavy
reliance on guess and check existed for most students. A.study in
‘which an attempt to teach strategy use and application for debugging
may provide further insights into how strategies are learned and

applied.
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No attempt in this study was méde to influence the type of
assignments in which the students were involved. Most assignments
were-very open ended, although some studentg were provided with
written instructions and some guidance. Further research is needed
into ﬁhe effect of the amount of structure and guidance provided in
the assignment‘and expectations and level of achievement required and
their re]étion to attainment, growth in Logo knowledge and expertise,
and impreved application of debugginb strategies.

Different prograhming_sty]es were observed during the study.
Many of the students using a modular approach to programming were
accomplishing more and tackling more difficult tasks, but appeared to
encounter the same\kinds of bugs as non-modular programmers ahd with a
faﬁr]y high frequency. Further fesearch Aighf be conducted into the
relationship between programming style énd the kinds and numbers of
bugs which occur. Those styles most effective could then be
encouraged.

lLateralization bugs were ﬁuch less frequent among the students in
one school. A student there indicated that she had previous1ylmade
use of a physical referent and doesn't have much trouble with
1atera1ization bugs now. A longitudinal study into the bugs and
strategies whicﬁ consistently remain over time, those.which become

extinct, and the process of extinction would be helpful.
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Recommendations for Teaching

Some recommendations were alluded to in the discuésion section of
fhis chapter. In addition some more general recommendations for
teﬁching can be made.

The evident Tlack of’effective}strategfes.bésides guess and éhégﬁ‘\
for some students suggests a need to searcH for he]pfu] strategies to
add to students' repertoire. Students could be assisted to use guess
and check as efficiently as possible b, providing companion strategies
such as following patterns, uéing physica] referents, manipulative
aids, charts, diagrams, graph paper, and note taking. It is |
reconmended ;hat students be given help in developing new and
effective strategies for debugging.

Since STEP, TRACE, WAIT, and PAUSE are Considéred to be important
debugging strategies by Logo researchers, yet were not evidenf in the
work of any of the students in the study, it must be assumed that
these strafegiés néedAto be taught. Beginning Logo students have many
new ideas to master and ‘would not be aware of these strategies or
their va]ﬁe. Some of the students in the study showed a need for
 these: strategies. Teachers need to make available to the students
information ébout these strategies and an opportunity to practice
using these and‘other related strategies.

The provision of'additiona1 guidance for students who are
uncertain about an assignment or show difficulty hand]ing very open
ended assfgnments could pro?ide for grpwth and encourqgément for those

students. Teachers can extend learnings and encourage students to try
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new approaches and encounter new Lbgo“situations to strengthen

thinking skills. Patterns for modelling need to be proavided.
Concepts such as'recursion, structured programming, and even the
correct use of the REPEAT statement do not occur automatically.
Although a variety of bugs seemed to occur for é]] students; some
specific difficu]ties are prominent in the work of individuals. An
awareness of these difficulties ana assistance in overcoming them_
could greatly speed that studgnt's progress. ldentifying and
providing assistance to overéome persistént bugs could be undertaken
jointly by the teaéher and studeﬁt. |
The prpvision of manipulative aids and displays of Logo
primitives, sample procedures, and editing cémmahds is recommended as
an integral part of the Logo environment. |
’If'the teacher can heTp students reflect on and verbalize their
computer experiences, growfh and conceptualization could be
facilitated. It appéars ffom previous resegrch and the reéu]ts of

this study that systematic planning ahead and looking back do not

occur naturally for most students. It is also likely that.transfer
does not occur adtomatica]]y, but must be encouraged by the teacher on
behalf of the student. The opportunity for transfer of learning
between pubi] and pupil and between teacher and pupil could increase
the knowledge of Logo and improve debugging strategies for bofh thé

transferer and the trénsferee.l
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OBSERVATION SHEET

STUDENT DATE

TIME
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SETTING

PROJECT

Uses modular prog.

Test/debug each part

JRSSHESHISIS,

Uses meaningful names

CLASSIFICATION

Error Debugging

Provoked Debug.

Unprovoked Debug.

NOTES

STRATEGY
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9.
10.
11.
12.
13.
14,
15.
16,
17.
18.
19.

20.

. 21,

22,
23.

24.

. worthwhile
. not secure

. familiar

happy

. deadly
. hard
. failure

. student

centered
like

practical

Ay i
experiment

useless
fair

fast

unsure
dull’
unimportant
tense

bad

active
enjoyable
favorite
unnecessary

abstract

Name

DEBUGGING COMPUTER PROGRAMS

worthles$
secure
strange
sad
Tively
easy
success
teacher
centered
dislike
not practical
be told
valuable
unfair
siow
sgre
interésting
important
re]axed
good
inactive

dull

lJeast favorite

necessary

concrete (real)
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NAME

STUDENT INTERVIEW

Comp]et1ng a task (problem or procedure) that 1 start is
a. very important

- b. 1mportant

c. not. important
d. other

.when I have d1ff1cu1ty do1ng a task I feel

a. challenged

b. ‘unsure _ _
c. discouraged \
d. other -
When 1 make errors |

a. want to correct them 1mmed1ate1y

b. want to come back to them later

c. never want to correct them , o
d. other .

When I have all the bugs out of my work 1 feel-
a. satisfied

" b. relieved but want easier work next time

c. encouraged to try something harder
d. other

When I have difficulty doing a task I
a. quit

" b. try another approach

c. look for materials to use

d. ask a classmate for help-

e. ask a teacher for help

f. other

How do yoo feel about bugs?

Do you feel you need or would 1ike to know more about Logo?

What thjggs would you like to know?

How -can you find out more?

What is your most common kind of bug?

What is it that causes most of your bugs?
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"12. When you have bugs i%_your work what do you most often do to get

rid of them? .

___.Guess and check ____Consult a book or chart

___ Draw a diagram d '~ Pencil turtle, turn chart
___ Write notes __ Use finger, hand, pencil
___ Calculate numbers : Play turfle, get up and @a]k

___ Ask teacher or friena Follow line by'line - notes

Follow 11né by Tine - graphic

Look for a patteT@y

___ Modutar programm: - ‘Delete and start over
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University of Alberta
Edmonton, Alberta T6G 2G5
January 18, 1985 J

Dear Parent,

During the next several weeks I will be observing children at
School as part of a research project in, Elementary
Education, involving computer applications. I have chosen to tape
record the children's comments as well as keep files on their computer
work. Children will also be asked to respond to a short questionnaire
regarding computer work. o 5

This project has been approved by the University and Edmonton
public Schools. The 'signature of the principal of
School, affixed to this letter, will attest to the fact that I have
his permission to conduct this research study.

If you have no objection to your child taking part in the study,
would you kindly fill «n the attached form and have it returned to
your child's teacher. i

Sincerely yours,

Mrs. Gloria Cathcart

' Principal, ,
S School '
o —r—— cnoo -q

. Please detach.and return to your child's teacher.

I am willing to have my child, y
take part in the research project in computer applications should
he/she be selected to be a.parti;ipant,

Date . | Parent's signature
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Name

Barry
Barry
Barry
Barry
Barry
Barry

Caro]l
Carol
Carol
Carol

Cindy |

Cindy
Cindy
Cindy

Connie
Connie
Connie

David
David
David

Don
Don
Don
Don
Don

Doug
Doug
Doug

Mark
Mark
Mark
Mark
Mark

[S 2 I N F% I8 A O IN d

Obs

S w o 2wy — SO wro

W N -

w N =

W N =

oW

Date

Jan
Jan
Jan
Jan
Feb
Feb

Jan .

Jan
Jan
Feb

Jan
Jan
Jan
Feb

Jan
Jan
Feb

Jan
Feb
Feb

Jan
Jan
Jan
Feb
Feb

Jan
Jan
Feb

Jan
Jan
Feb
Feb
Feb

21
21
28
28
4
4

21

28
28
4

21
28

28

4
21
28

4

21

4
4.

21
21
28
4
4

21
28
4

24

31

1
7
8

Complete Observation Schedule

Min

30
25
30
40

- 50

25

30
40
20
40

40
30
50
50

30
25
15

30

25

35

25
30
10
20
20

25
25
25
20
30
25

30
35

Project

BOX WITH TUN
TUNNEL.CONT
SYMMETRY.3D.

SYM.BOX.CONT

SYM.CIR.FACE
SYM.FACE.EXP

3PRO _
SYM.SET.SQ.
SYM. SQ.CONT
SHAPES '

SUPER.3SUB
S3S.FACE.CON

. S3S.FACE.CON

S3S.FACE.CON

SUPER.3SUB
S3S.CONT
SYMMETRY

"THREE.PRO

MAKE.FACE

NEW.FACE

THREE.PRO
THREE.PRO.NE
SHAPES.SYM?
SYMMETRY
NEW.SYMMETRY

* THREE.PRO

SYMM.BUTTERF
SYMMETRY

HEART . ARROW
ADD.LETTERS
ADD.LOVE
SHAMROCK
EASTER.EGG

Sup Sub
1
1
1
1
1
2
2
1
1
1 .
1 2
1 3
1 .5
1 8
.3
1 3
2
3
1
1
2
3
1
1
1
3
1
1
1 2
1 5
1 6
1
1 1

Mng.N Begin

No
No
No
No .
No
No

No
No
No
No

No
Some

Yes .

Some

Some
Some
No

No
Yes
Yes

No
No
No
No
No

No
No
No

Yes
Yes
Yes

“Yes

Yes

Pro
[mm
Pro
Pro
Pro
Pro

Pro
Pro
Pro
Exp

Pro
Pro
Pro

"o

Pro-
Pro
Pro .

Pro
Pro
Pro
Pro
Pro
Pro

Pro
Pro .

Pro
Pro
Pro

Pro
Pro
Pro
Pro
Tmm
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Dev.Pro

Most
None
Most

Most

All -

Al

All
All
All
Most

All
All
Al

All

A1l

Al
Half

All
AL,
Most’

ATl
ATl
Al
ATl
Al

- AN

Most
All

Most
A1l

Most
Most
Half
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Name Obs Date Min Project Sup Sub Mng.N Begin Dev.Pro

Mike 1 Jan 31 40  LOVE 1 Yes. Pro Al
Mike ‘2 Jan 21 35 ADD .HEART 1 1 Yes Pro AT
Mike 3 Feb 1 25  HEART.ROTAT 1 Yes Pro All
Mike 4 Feb 7 20 HEART.R.CONT 1 1 Yes Exp Most
Mike 5 Feb 8, 35 SYMMETRY 1 No Pro Al
Murray 1 Jan 31 15 BE .MINE . Imm None
Murray 2 Jan 31 25 BE .MINE 1 Yes Pro All
Murray: 3 Feb 1 25 BE .M. CONT 2 Yes Pro All
Murray 4 Feb 7 30 .BE .M. CONT 1 2 Yes Pro Most
Lana 1 Jan 24 20 VAL .CARD 1 Yes Imm None
Lana 2 Jan 31 30 CARD.CONT J§ “Yes Imm None
Lana 3 Feb 7 30 CARD.CONT 1 Yes Deb None
Lana 4 Feb 8 25 CARD.CONT 1. Yes Imm  -None
Laura 1 Jan 24 30 LOVE 1 - Yes Tmm None
laura ' 2 Jan 31 20  LOVE.CONT 1 Yes Imm  None
laura 3 Feb 7 40 : CARD.SHAPE 1 Yes  Imm None
Linda 1 Jan 31 45 ,; PEACE 1 1 Yes Imm None
‘Linda 2 Feb'1l 35/ PEACE 1 4 Yes  Imm Most
Linda -3 Feb 8 55 LOVE 1 4 Yes Imm None
Ray 1 Feb 11- 15 CASTLE 1 2 Yes Imm Most
Ray 2  Feb 13 20  CASTLE.CONT 1 & Yes Pro Most
Ray. 3  Feb 14 20  CASTLE,CON 1 7 Yes Pro ATl
Ray 4 Feb 18 35  TESS.HEX 1 3 Yes. Pro Half
Ray 5 Feb 25 45  TESS.TRI 1 3 Yes Pro Half
Sandy 1 Feb 11 25 CASTLE 1 2o Yes Pro  Half

‘{Sandy 2 Feb 11 35  CASTLE 1 5 Yes Imm Some
Sandy 3 Feb 18 30  TESS.I.HEX 1 3 No  Imm Some
sandy 4 Feb 25 40 TESS.HEX 1 5 Yes Pro Some
Shauna 1 Feb 13 55 SQ.IN.REC 1 -7 Some Pro Al
Shauna 2 Feb 18 20  TESS.I.HEX 2 Yes Pro All
Shauna 3 Feb 18 25  TESS.CONT 1 3 Some Deb Some
Shauna 4 Feb 19 50  TESS.CONT 1 7 Some Deb Some
Ted 1 Feb 13 30  FAN 1+ 1 "Yes Pro All
Ted 2 Feb 14 20  FAN 1 1 Yes Exp Al
Ted 3 Feb 18 30 TESS.I.HEX 1 1 Yes Pro Most
Ted 4 Feb 25 30  TESS.CONT 1 4 Yes Imm Most
Trevor 1 Feb 13 25  GRID 1 2 Yes Pro Half
Trevor 2 Feb 14 30 TUNL .FLOWER 2 2 Yes Pro Half
Trevor 3 Feb 18 50  TESS.I.HEX 1 3 Some Imm Some
Trevor 4 Feb 26 35  TESS.FRESH 1 3

No [mm Some



Name

Troy
Troy
Troy
Troy

Vicki
Vicki
Vicki
Vicki

Obs

BN -

£ DN

Da

Feb
Feb
Feb

Feb

Feb
Feb
Feb
Feb

te  Mi
18 40
19 20
25 35
25 15
18 25
18 25
19 30
25 30

0bs

Date

Min
Project
Sup:

Sub

Mng.N
Begin

Dev.Rro

n

Project Sup Sub Mng.N Begin
REC.SQUARE 1 3 Yes [mm
REC.S.EONT . 1 3 Yes Pro
REC#2 3 ~ 5 Yes Imm
REC.2.CONT 1 6 Yes Deb
SQ.REC 3 Yes Pro
TESS.SQ 1 1 Yes Pro
CHALL.3 2 2 Yes Pro
SQ.IN.REC 1 2 Yes Deb

i

Key to Headings
Observation number
Date on which observation took place
Length of observation in minutes
Title or description of project
Number of superprocedures
Number of subprocedures
Uses meaningful procedure names
How session begins - procedural. or
immediate mode, debugging or
experimenting
Amount of time spent developing in
procedural mode
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Dev.Pro

Half

AT

Most
Most

AT
Half
Most
All
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SCHOOL C ASSIGNMENTS |
EXPLORING POWERFUL IDEAS

The FAN.LEFT procedure can be a very.-interesting procedure to
explore the powerful ideas of recursion, variables and using
conditional statements. This prpcedure can also be used as a building

block for different procedures to create some beautiful designs.

1. What hapbens when you omit or change the condition

IF :DISTANCE < O [STOP] 2
2. What happens when you change the variable that controls the angle?
3. 'What happens when you try different inputs for distance and angle?

4, Create other procedures that can use the FAN.LEFT procedures.

TO FAN.LEFT :DISTANCE :ANGLE
IF :DISTANCE < O [STOP]
FD :DISTANCE

BK :DISTANCE - 5 \
LT : ANGLE |

FAN.LEFT :DISTANCE - 3 :ANGLE

END




EXPLORING TESSELLATIONS

"Construct procedures to make a design similar to the design

on this page. Remember, it is often wise to break a large problem

:

down into simpler, more easily solved problems.

& _
What other shapes can you tessellate? Try combining shapes and

tessellate then.
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LOGO CHALLENGE

Define a procedure that will draw rectangles with different widths and
lengths.

Define another procedure that will draw different sized squares.

Problem #1}
Using proéedures, construct a rectangle 160 steps be 200 steps. Cover
this rectangle with squares 40 steps by 40 steps. How many 40 by 40

squares will cover this rectangle?

Problem #2
Construct another rectangle 200 by 250 steps. Cover this rectangle

with squares 25 steps by 25 steps.

Problem #3
Construct procedures that will position the turtle. Try to use the
Logo command REPEAT. Use variables. Make your variable names

deseriptive if possible.
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4

SAMPLE COMPLETED OBSERVATION SHEETS AND' LOG NQTES

STUDENT  Mike  UATE _ February 1 [IME 11:20 to 11:45

1
SETTING [n unoccupied classroom adjacent to regular classroom

PROJECT Making a small heart, repeating the heart for a desigﬁ
¥

: oy
No Uses modular prog. Yes Error Debugging MY
Yes Test/debug each part No Provoked Debugy. ,jf ! {
. Coos | k}
¥
? Uses meaningful names Yes Unprovoked Debug. ﬁw%”x
CLASSIFICATION NOTESS _ STRATTRGY, | ¥
Mike begins 1in pﬁpcedura1 mode. W “lﬁ
70 H A R
HT 3,@"'
PC 3 L
REPEAT 228 [RT .5 FD 1]
END Tests
"I think it might be big. [ know
how to make it small.,”
Edits - TO H
1. Dimension - REPEAT 228 [RT 6 FD 1] Guess and Chech
Qe Aize END Tests i
"Too small. Nice circle."” . .
Edits - TO H L w
PC 3 B -
Dimension - REPEAT 30 [RT 4 FD 1] * L w
No. of PC O Guess and Cheek:
Repeats 'HOME # '
arnc s4ze PC 3 o
REPEAT 30 [LT 4 FD 1]
2. Length FD 20 -- Changes to D 40 Guess and Chech
END Tests :
"Not too bad so far."
Edits, changes PCs to PU and PD, and
changes two lines.
Dimension - REPEAT 30 [RT 2 FD 1] v
Qe Aize PU Guess and Check
HOME
PD

REPEAT 30 [LT 2 FD 1] Tests



Dimension -
No. of
Repeats
_ Dimension -
No. o4

Repeats
(5 tries)

Length

4. Ornientation

gﬁ?

"I was thinking of making a circle
of hearts. I have to make the
REPEAT go more." :

Edits the same two lines.

REPEAT 100 [RT 2 FD 1] .
REPEAT 100 [RT 2 FD 1] Tests

-~ "Almost!"

Edits the same two lines.
REPEAT 115 [RT 2 FD 1]

‘REPEAT 115 [RT 2 FD 1] Tests

"Make it FNRWARD 30."

Edits to change last line.

"No. It was 40 before. Make it
FORWARD "50." ‘

FD 50

RT 77:5 -

FD 50 ~Tests

"Oh, wrong way. It's suppose to be
LEFT." (Checxs procedure) "Yah,
it's suppose to be LEFT."

Edits second last line,

LT 77.5 ) ... Tests

"I don't think I got it far enough.

No, it should go FORWARD 55."

Edits

FD .55

LT 77.5 ‘ :
FD 55 : .. Tests
"Close enough. No, just a little
more. " o

Edits -

FD 66

LT 77.5

FD 60 Tests

“Oh, almost!"
thits s

FD 60

LT 78.5 -

FD 60 ‘ ‘ Tests

“Oh! Couldn't believe it!"

(Mike's procedure was saved to disk

at this point and appears following
this observation sheet under MIKEL)
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Guess and Check
®

Guess and Check

Guess and Check

Observe and
Change

Guess and Check

GueAA_and Chech

Guess and Check
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HOME does

not allow
notation

(b :
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Goes into editor and adds
REPEAT 5 [H] Tests

"See it goes to there and then goes
to HOME. I think 1 can fix it."™
Edits : '

TO H

HT

PC 3 o

REPEAT 115 [RT 2 FD 1]
PU

HOME

PO

REPEAT 115 [LT 2 FD 1]
FD 60 '
LT 78.5

FD 60

REPEAT 5 [H]

END

Mike changes the sequence of
commands to avoid using HOME. He
deletes PU HOME PD, inserts the Aha !
three lines, changing the LT %o RT,

changes the LT in the-REPEAT Tine to

RT, and then deletes the three lines

preceeding the last REPEAT. He does

not hesitate throughout this whole

process.

(Procedure is saved on disk at this
point and“called MIKE2.).

TO H  (Edited procedhre.)
HT :

PC 3 '

REPEAT 115 [RT 2 FD 1]

FD 60

RT 78.5

FD 60

REPEAT 115 [RT 2 FD 1]

REPEAT 5 [H]

END Tests



Unprovo ked
debugging
-exploring

Mike is very pleased as he sits and:

watches his procedure work. Finally
he realizes that it is not going to
stop. He seems to understand what
is happening (recursion) but not
what to do about it.  He edits again
and changes the last line.

REPEAT 5 [RT 35 H] Tests -

“That's what 1 call pretty weird!"
' Session ends.

(Procedure from the disk is, found
under MIKE3.)

‘( :
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Mike's Procedures and'Graphics F{:om Disk
. )

: MIKEL

70 H

HT

PC 3

REPEAT 115 [RT 2 FD 1]
PU

HOME

PD.

REPEAT 115 [LT.2 FD 1]

FD 60
LT 78.5
FD 60
END

: MIKEZ
TOH -
HT

PC 3

REPEAT 115 [RT 2 FD 1]

FD 60 S
RT 78.5 "
FD 60 W
REPEAT 115 [
REPEAT 5 [H]
~ END

FD 1]

MIKE3

T0H e

Yot

HT P
PC 3 e
REPEAT-TTS [RT 2 FD 1]
FD 60

RT 78.5

FD 60

REPEAT 115 [RT 2 FD 1]
REPEAT 5 [RT 35 H]

END :
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OBSERVATION SHEET

STUDENT Sandy . DATE _ February 11 TIME _ 2:40 - 3:05

SETTING In computer lab, at bne‘end. Another class.in the lab

140

PROJECT Designing a castle ?

Yes Uses modular prog. Yes Error Debugging

———

Yes Test/debug each part Provoked Debug.

Yes Uses meaningful names ' Unprovoked Debug.

CLASSIFICATION . NOTES STRATEGY

En®ers in teach mode: oty

TO SETUP

>SETPOS [0 -80]

>END ' Didn't test.,

Edits
1. Omission TO SETUP
PU - PD Py
SETPOS [0 -80]
PD : ‘ \
END Tests. .

In immediate mode:

Observe Listing
and Change

7. Length FD 50 | Inmediate Mode

FD 50

#RT 90 : . Guess and Check

FD 10
RT 90
FD 10
LT 90
FD 10
RT 90

3. latenabiz- LT 180 - | Immed.iate Mode

ation FD 10

RT 90 . Observe and

FD 10 ' Change

RT 90
FD 10
LT 90
FD 10
LT 90



4. Semantic -
~ REPEAT

5. Dimensdion -

6.

REPEAT

Dimension

Length

" "I know I've got to keep doing this
©s0 . .." She goes to the editor.

TO WALL

FD 100

RT 90

FD 10 &

RT 90

FD 10

LT 90

FD 10

LT 90

FD 10

END o
Sandy sees that she could have used
repeat so goes in after FD 100 and
adds:

. 3 .
REPEAT 10 [] She tests.’
Error message. Sandy understands,

realizes her mistake, and using the
delete key, removes the last bracket

" from the REPEAT. She then deletes

the RETURNs between each line,
drawing them up into the REPEAT
statement.

TO WALL

FD 100

REPEAT 10 [RT 90 FD 10 RT 90 FD 10
LT 90 FD 10 LT 90 FD 10] Tests.

"Too many times." She counts the
parts before it wraps.

Edit. Changes REPEAT 10-to 7
. Tests SETUP WALL
Edit. Changes REPEAT 7 to 6
Tests

In immediate mode:
RT 90

FD 10

RT 90

FD 100

RT 90

FD 100 °

FD 20
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Sees Pattern

Guess and Check
Eron Message

bGueAé and Check

Guess and Check

_Immediaie Mode.-

Guess and Check



7.

)
Dimension

Dimension

Logic
(Miscell. )

Removes
s0me

\\\ 142

(This finishés of f the top, makes
the right side and the bottom.)

Edit. Sandy thought one more REPEAT
should fit on the screen so she
tries again. ,
Changes REPEAT 6 to 7 and tests.

Changes REPEAT 7 back to 6.

Writes superprocedure.
T0 S

SETUP

WALL

END

In immediate mode again tries:
RT 90 FD 10
RT 90 FD 100
RT FD 140

Edits, adding the above into the end
of tMe REPEAT statement. Should go
afqgn the REPEAT.

TO WALL

FD 100 '

REPEAT 6 [RT 90 FD 10 RT 90 FD 10 LT
90 FD 10 LT 90 FD 10 RT 90 FD 10 RT
90 FD 100 RT 90 FD 140]

END S Tests.

Studies listing. "No wonder!" Sees
that commands should come after the
REPEAT but does not take it all back
out. (The listing of Sandy's work
to date, taken from the disk appears
on the page following the ‘
observation under SANDYl} Her WALL
procedure now reads:

TO WALL

FD 100 :

REPEAT 6 [RT 90 FD 10 RT 90 FD 10 LT
90 FD 10 LT 90 FD 10 RT 90 FD 10 RT
90] -

FD 100 ¢

RT 90 o

FD 140 ¥

END

Guess and Check

Guess and Check

Immediate Mode

iiAtth
- Aha!
\ Guess and‘ Check
|
|



Puts some
bachk

Removes all
excedsd

Adds agten

Sandy tests and at this point takes
a pencil and graph paper to help
figure out her bug. She follows the
listing, drawing as she goes until
she comes to the end of one REPEAT.
She then reinserts the FD 100 and
tests again. She sees where the
REPEAT should end, deletes, and
tests.. She now adds some of the
commands after the REPEAT as they
should be. ;

TO WALL ///

FD 100 = —— / v

REPEAT 6 [RT 90 FD 10 RT 90 FD 10 LT
90 FD 10 LT 90 FD 10]

RT 90

FD 10

“RT 90

FD 100
END ' Tests.

Sandy counts the 10'sv

Edits and adds before the END -
RT 90 _ '
FD 130

HT

END Tests S.

Sandys's procedures are again saved
on the disk and are as listed on the
following page under SANDYZ.
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" Pencil and

ghaph paper
Guess and Check

Guess and Chech’
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Sandy's Procedures and Graphics From Disk

SANDY1
TO WALL
FD 100
REPEAT 6 [RT 90 FD 10 RT 90 FD 10 LT 90 FD 10 LT 90 FD 10 RT
90 FD 10 RT 90] '
FD 100
RT 90
FD 140
END

~ TO SETUP

PU

SETPOS [0 -80]
PD

END

i
i
1
;
|
{

ﬂ

]
!
1
|
i
TO S 1
SETUP

WALL
END

|
|

SANDY?2
TO WALL :
FD 100 . S
REPEAT 6 [RT 90 FD 10 RT 90 FD 10 LT 90 FD 10 LT 90 FD 10]
RT 90 ' .
FD 10
RT 90
FD 100
RT 90
FD 130 T
HT
END

10 SETUP LU

PU |
SETPOS [0 -80] 1
i
!
1
1

)

PD
END

T0 S
SETUP
WALL
END
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Log Notes on Sandy
February 11

Sandy is a very confident appearing little girl, who says, "1
know." She started right in in teach mode, wrote a setup procedure
and then before testing went back into edit mode to add PU and PD
which she had omitted.

She handles the editor with ease -- moves a number of single
command 1lines into one line in the REPEAT statement.

Worked all through this first part without making an error except for
a RT 90 in immediate mode which was quickly changed by LT 180, and
didn't reoccur in edit mode. Sandy used REPEAT 10 which wrapped
around and then guess and test to find right size. Sandy took no
notes, but looked at immediate mode steps -- went to the editor and

entered the steps from memory.
\\;*4) February 14

Sandy tried several things in immediate mode but did not follow
through with most 'of them. The TOP she did try was not balanced so
she was not pleased with it. We left it with the top askew.

Sandy is a bubbly girl with lots of ideas. Her teacher says she
is very popular. She was excited today -- Valentine's and a field
trip. .

February 18

Sandy came smi]in%, eager to try out the new task assigned by her
teacher. She started in immediate mode after reading the assignment.
She followed the diagram closely, starting with a RT 45 and putting

two RT 45's together in the center.

She began typing the information into a procedure and after the third
line hit <CONTROL> G, and with a fresh start used REPEAT 6 {RT 45 FD

:SIZE] END and then into the editor to add the variable to the name.

She had to this point worked in the teach mode. :

Sandy strikes me as a bright, fairly impulsive girl. She is very
bubbly and her thoughts seem to race ahead. Taking time to stop and
think things through more thouroughly today may have helped her. When
the 30 minutes were up Sandy had two procedures that 1inked two shapes
together, each in a different way, but no succes with a row.
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February 25

Sandy came to work at 10:00 when the others went to the gym to
organize for the sp LEE} as she was not going to the gym. She chose
to stay and work KfaQ%gh recess as well, This whole session was
taped. She chats @wa quite freely. She knew this time that she
wanted a regular 6;sided shape, -but did not know the turn required, or
how to find it, except by experimenting, which she did in a fairly
organized fashion. Since her shape started with a FD rather than a
turn, she seemed to handle it better.

Although Sandy was interested in writing a row procedure, her efforts
were quite circular. She was very aware of the tremendous amount of
overlapping that was taking place but did not solve this problem in
the time that she worked (40 min.). She did get some interesting
designs, which she enjoyed, even though she did not let them take her
of f task. :
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Bug Specimen

Samples of student work 1llustrating the various bugs will be
included and discussed in this section, An’attvmpt has been made to
choose bugs which are representitive of those found in the work of
others as well as the student from-which if was taken. In some cases
asé%}isks are used to mark the bugs being discussed.

Dimension Bugs :

The work of Bafry, as he designed a pair of three dimensional
boxes (later changed into a face) as an example of symmetry, is a
typical example of the occurrance of dimension bugs. Barry worked for
oﬁe 25 minute period during which five dimension errors occurred,

Although the procedure contained two REPEAT commands they were free of

errors and all the bugs\were in determining lengths for other tnan the

front face of the cubes. |
T0 JOE
REPEAT 4 [FD 90 RT 90] . ’
END

ﬁBarry tested his procedure and then worked in immediate made.
.FD. 90 . .
T 45

20- .5

s
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10 JOE
REPEAT 4 [FD 90 RT 90l
FD 90
RT 45
*FD 20
Barry did not remember the immediate mode work. Notes at this point
would have helped immensely. He tested and then reentered the
editor, changed the FD 20 to FD 40 and added:
RT 45
*FD 50
RT 90
He then changed FD 50 to FD 70 to FD 90
Cindy's 40 minute period in which she worked with three circles
to design a head was representative of the problems in working with
circles in Terrapin Logo. Her large circle was made by REPEAT 90 [FD
30 RT 307 while the small one was REPEAT 30 [FD 10 RT 30]. In.an
attempt to make the small circle smaller the following lines were
entered and tested;
REPEAT 90 [FD 10 RT 10]
REPEAT 90 [FD 10 RT 30]
REPEAT 30 [FD 5 RT 30]

The desired result was achievay&dg

ho Keed was paid to the number of
times the circle was retraced or the stopping position of the turtie.

Most students observed using circ]es'apﬁeared not to haVE a good grasp
of how to make the circle the size they desired or what parts of the
REPEAT command to adjust to get the desired results. -

Trevor's 25 minute period spent designing a grid made use of

three REPEAT statements and illustrated a clear understanding of their

fuﬁ?tion. His only bug was in determining how many times he needed to

repeat the particular part of his very compact modular program.
)

£
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70 SQUARE :S1ZE
REPEAT 4 [FD :SIZE RT 90]
- END '

He tested twice-by using SQUARE'4} CS, SQUARE 10. He then worked in
immediate mode.

FD 10

SQUARE 10

FD 10

SQUARE 10 :

*REPEAT 10 [FD. 10 SQUARE 10]

*REPEAT 4 [FD 10 SQUARE 10]

*REPEAT 6 [FD 10 SQUARE 10]

Thevor continued, determjn1ng how to start' the next row of squares.
Following his 1mmediate mode work Trevor knew how many REPEAI@fhe

- needed, but it did teke time to solve this dimension bug. He then
enteredftheffdjlowing subproeedure; B

 TO LINE
RT 90
FD 10 ,
LT 90 .
_REPEAT 24 [FD 10 SQUARE 10]
END '

‘ He then faced the difficulty of determ1n1ng the number of 11nes needed

for his graph and proceded{xo hand\e that prob]em in the same manner.
g
,LINE : o
_* REPEAT 4 [LINE]
'REPEAT 24 [LINE]

"Too many l1mes The design'wrapped-around the screen and over
; I k -t

» ,1tse1f. Trevor}counted the squares tWice, but found it difficult to'

keep tréck.

TO GRAPH

REPEAT 23 [LINE]
HOME HT

END

4

He tested and then edited it to:
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REPEAT 27 [LINE]

'ﬁf I had to. guess approxinfately how many squaresvit would make." He
‘%%wtested and then edited again.

REPEAT 28 [LINE]

+

Thus his final bug free.proceduhe was:

T0 GRAPH =~
REPEAT 28 [LINE]
HOME HT

END

. Although Trevor was considered a knowledgable, very efficient
programmer, he faced dimension bugs. It was not surprising then, that
' - 5
dimension bugs were prevalent problems for most students.
Orienfation Bugs~“

A .number of orientation bugs occurred for Shauna when she was
trying to teSsel]até an irregular hexagon. Even the designing of the
,hexagoh itse]f'pﬁeéeated orientation bugs. After removing the
Jateralization bugs Shauna had:

TO SHAPE B
- LT 45 : ‘
* FD 20 - 3 ! - h
LT 45 , :
FD 20 / '
LT 45 ' ' :
FD 20. '
LT 45
FD 20
LT 45
FD 20
She tested this and said, "“Oh, boy! Does it look the same?" "I got
jt1" She edited, changing the fourth LT 45 to LT 90 and tested again.
Then it was necessary to add LT 90 ﬁD 20. The'origntation bugs

. o . * '
prevailed throughout the establishment of a tessellation, as
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illustrated by the following short éegments, She had two

subprocedures, SHAPE and ALLvend was trying to use them repeatedly.

SHAPE ALL SHAPE ALL ,  SHAPE ALL

RT 90 RT 90 - RT 90

FD 20 FD 20 FD 20

RT 45 RT 45 RT 45

FD 20 FD 20 FD 20 | |

LT 45 ALL SHAPE G
SHAPE

JIn each of these attempts the orientation was not correct.

Mike's orientation bug cited here occurred when he was trying to
make the letter V. When at the bottom of the first stroke he entered

LT 45. This was changed to LT 140 and then to Lgel75. LT 140 ‘was

va]ready too large so LT 175 was a very inapprqbriate attempt. Mike

then entered LT:'100 and commented, "Getting there. That looks pretty

goed.“ He then entered LT 105'and then’LT 103.5, and said, "Looks

' [
pretty good."

il

Ldateralization Bugs

Many of the 1ateealization bugs oceurred on 99 degree turns. The
fbl]owingﬂshort excefpt fro& ppe immediate modevwerk of Laha contains
two lateralization bugs and her coﬁrectionjof each.

FD 70
PD -
LT 90
“FD 20
> RT 90
FD 10
RT 90 .
FD 10 ' . :
BK 10 : . A
*RT 90 ‘ s
*LT 180 :
FD 10
*:T 90
*RT 180
FD 20

> R
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When working with the tessellation problem, Shauna ended a
section with RT 45 and then wished to ca]l‘a‘subprocedure. When it
was tested, Shauna pointed and said in disgust, "Right 1is that way.
~ Left is that way." She then changed the RT 45 to LT'45.‘T
’0r1g1n Bugs ’ | ' R§

~The examp]es included in this section are drawn from the work of

4 students who encountered bugs in determining the or1g1n fontthe

™ procedure or superprocedure.

Vicki faced difficulties sett1ng the or1g1n for her task. ?irst
she did not see that the reason her 1arge rectang]e did not f1t the
screen wWas due to the origin point being at HOME.: She said of her
teacher, ”Why does he want it so big! The screen isn 't that b1g
~ When she realized that a new origin point must be used, she ed1ted her "
rectang]e procedure, enter1ng at the beginning:
PU

LT 90
-FD 60

A

“When she tested she said, "Oh, I forgot PENDOWN. I think it will
lwork ! Sheladded PD and tested again. She responded, "Oh, now 1 have
to go here,“ and po1nted to the bottom 1eft corner of the screen. -
Fo]10w1ng the FD 60 she added T R
LP 90 :
_FD .35
. *LT9 - . , =
' PD Lo AR a f.s
Instead of”® ‘changing the LT 90 to LT 180 or RT 180, the more common

approach (turn-move- turnback), V1ck1 changed the first turn at the

o
i

beg1nn1ng of the rectang]e construct1on.
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Linda's project was to write LOVE, starting near the upper left
corner of the screen. She set the pen color to one and began:

LT 90
RT 30
FD 50

At this point she typed DRAW and started again.

PU
LT 65
FD 100
FD 50
PD

FD 20

Again she typed DRAW and started over.

PU

RT 90

LT.180

FD 100

FD 30

RT 90

FD 60

PD

FD 20
This time she was pleased and so entered the necessary steps into the

Ly

editor in order to establish fhevpfigin, and then added the part to

make the letter L. . S N
TOL %°%
PU .
LT.90 ‘ :
FD 130 xS
RT 90 :
FD 60
PD
. FD . .

When 1ooking at the immediate mode work of Linda, one can see how the
origin bug is linked with orientation and dimension bugs. Hgf‘wdfk'
also showed her problem with lateralization.

While desfgning.an'egg, Mark began his procedure:

R e
Lo
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TO EGG
PU.
“SETY 100

////ﬁﬂqgizas then ed1ted to SETY 90 and then o, 80. Later it was edited

to SETY (-80) when Mark dec1ded the egg" wow1d be better near the
bottom of: the screen. , ” iff:‘”,
Ted used ‘a SETUP procedure with var1a~1e inputs to determ1ne thev
or1g1n for tessellating his irregular hex;Zon. The»procedure Was
first wr1tten with one variable, used to determine the number of times
the shape, called PENT, would fit across the screen. Upon using it,
Ted realized that he didn't know how much to go forward between each

shape in order to establish the origin location .for -the second shape.

Therefore he added a second variable and tested:

TO SETUP :P
REPEAT :P [LT 90 PU FD 45 RT 90 PD PENT]
END

TO SETUP :P :C
REPEAT :P [LT 90 PU FD :C RT 90 PD PENT]
END

He then tested a number of values.

SETUP 15 25 CS

SETUP 15 30 CS

SETUP 15 27 CS

SETUP 15 33 CS

. SETUP 15 34 CS
"Almost." |

SETUP 15 35 CS

"That's it, I think." At this point Ted was letting the shapes ‘wrap
around the screen and was trying to get them to overlap perfectly. He

later establishigsthat seven repeats were needed to fill the screen,

\



going‘across. The variables were moved from the procedure and it was

written:

TO SETUP .
REPEAT 7 [LT 90 PU FD 36 RT 90 PD PENT]
END

Ted then worked in order to establish the origin point for the whole
process to begin. Once he solved that bug, he deciqed on pfocedube
names and first wrote the superproceddre.

TO PENTS
SETUP1
SETUP
SETUP2

"1 think that's all 1 need."
END
He then wrote SETUP1 as follows: .

TO SETUP1
PU SETPOS [120 0]
END

He tested PENTS. A1l was fine except that he received the message, "I
don't 'know how to.SETUPZ." ‘Some more immediate mode work followed and

then the procedure, c§T1ed SETUPZ was written in order to make the
. o v
transition between the horizontal.row of shapes and the vertical row.
‘0 SETUP2
PU -
FD 36 LT 90
END

There were still bugs to be worked out in finding the origin. The

location in SETUPL, although tested in immediate mode, was not
N . ! ) O
satisfactory. Ted followed his previous style, edited the procedure,

added a variable and tested. -

156 .
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TO SETUP1 :P

PU SETPOS [120 :P]

END
Upon testing, the message "SETPOS DOESN'T LIKE :P AS INPUT" resulted.
This was understood by Ted and the offending part removed. He then

edited and tested until he was satisfied., His next step, a]though it

does not relate to an origin bug, is noted here. Ted saw a need to

“have a variable back in SETUP so that it can be used to make both the

vertical row of shapes as well as the horizontal one. He edited both
SETUP and PENTS. At the close of the session the procedures‘wehe
saved and the listing and graphic appear in Figure 10.
Figure 10
Ted's Tessellation .
TO PENT
RT 45 FD 15 RT 45 FD 15 RT 45 FD 15 RT 90 FD 15 RT 45 FD 15
RT 45 FD 15 RT 45
END N
TO SETUP :P
 REPEAT :P [LT 90 PU FD 36 RT 90 PD PENT] -
END
7O SETUP1

PU SETPOS [125 80] -~
END

, | Tt ; '

PU ' ™
FD 36 LT 90
END

TO PENTS

SETUP1 S
SETUP 7 L J
SETUP2

SETUP - 6
0
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Omission Bugs i
Although the omission bugs were minor in nature and usually

easily corrected, they did occur in a number of settings. The PENUP

]

and PENDOWN omissions were evident in the move procedurefﬁwhether the
move was executed with SETPOS, SETX and SETY, or a turanorward-
turnback approach. The samples cited here are typical of those
occurring.

Ray's omission bug arose in the following procedure.

. TO MOVE
" SETPOS [-100 -100]
- END

After testing, Ray exclaimed, "Oh, I forgot PENDOWN!" The procedure
was edited to read:

TO MOVE
PU SETPOS [-100 -100] PD
END

Ray was a very efficient programmer when compared to his classmates,
but -was not exempt from even the simplest of bugs.‘ Bugs of this

nature were easily dispensed with and caused him little concern.

When positioning a subprocedure, Mark entered the following:
T0 V. o A
PU
HOME
SETX 0
SETY (#80)
RT 135" %
FD 18
LT 90
FD 18

3

_He tested and said, "I forgot PENDOWN." Mark edited and added PD

‘f{,\ .
aﬂ@§§%SETY (-100), Remembering to include PU does not insure the

Wsion of PD. This work also contained an example of the use of
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excess information which was not counted as a bug since it did not
interfere with the design. It was not necessary for Mark to use both
the HOME and SETX O commands. One or the other would have been
sufficient, |

Troy's work also has a PENDOWN omission.

TO MOVE2

RT 90 FD 25 LT 90 PU BK 150

END
After testing Troy said, "Oh, I forgot PENDOWN." Troy edited and
added-PD‘to the end of the line. MOVE, written the day before had the
same bug in it. It is interesting to note the comment uttered by each
of these students upon testing their procedure. It seems that the bug
is really one rrnlated to forgetting and not to misunderstanding.

Vicki omitted the FORWARD command in her tessellation of squares
(which she misspelled). While concentrating on the number of REPEATS
needed, she had commented, "I don't know how many it will take to fill
the screen.,”

TO SQ

REPEAT 16 [RT 90 SQARES]

END
After testing Vicki said, "You have to move it over cause it will Jjust
keep going RT 90, RT 90." Vicki edited, changing the REPEAT and
adding a FD 45,

TO SQ

REPEAT 4 [RT 90 SQARES]

FD 45 '

REPEAT 4 [RT 90 SQUARES]

END

‘Murray had entered the procedure MINE from his notes. Upon

“testing he commented, "Oh, wait a minute. »I think I forgot to write
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something down." He studiéﬁ the listing and his notes, and in fact,
he had omitted RT 135 PU FD 33. This type of bug occurred in the
work of all the students who were consistent note takers.

Excess Information Bugs

Many of the instances of excess information’dfdvnot adVerse]y
a%fect the design so are M@t considered as bugs. PENUP and PENDOWN
errors were usually omission bugs, but also appeared-as excess. The
work of Barry is an example of this. Only a part of his long
procedure is listed here.

TO PRO
*REPEAT 3 [FD 90 LT 90]
*py
*HOME
*pD ,
REPEAT 4 [FD 90 LT 90]
. *py
*HOME
*pD
REPEAT 4 [FD 25 LT 45]
FD 25
* % PU
LT 90
FD 50
LT 45
*pD
FD 50
LT 45
FD 90

When the procedure was tested, Barry saw that the PU** was excess and
SO he‘removed it. Notice all the other excess commands, marked with a
single asterisk, in this section. !

Troy's work with rectangles illustrated "~is problem with excess

information relating to variable inputs.
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TO REC2 :SIZE :WIDTH
Fh :SIZE
RT 90
FD :WIDTH
RT. 90
FD :SIZE
RT 90
FD :WIDTH
END
TO REC3
Py
BK 110
LT 90
FD 50
PD
RT 90
*REC2 200 160 200 160
HT
END

When he tested REC3, Troy receivedvtheAmessage, "I don't know what to
do with 200 in REC3." Neither did he!

After-making a rectangle Shauna made a square as follows:

T0 SQ :W :L
REBEAT 2 [FD :W RT 90 FD :L RT 90]
EN

After testing it she realized that she needed’on1y one variable input

to make a square so she edited the procedure.

TO SQ :SIZE
REPEAT 2 [FD :W RT 90 FD :L RT 90]
END

This, of course, did not work so she returned it to-the original form

+

and moved on to the next part of her éssignment. This example and the
]

¢ before it not only illustrate excess information, but a lack of

understanding of variable -inputs. |

Syntax Errors

The bugs relating to syntax errors were not numerous, especially

when one considers that none of the students observed had received.
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ﬂfﬁﬂ'methud of
&w
typ1ng These bugs werE\gen ra11y eas11y identified by the students

Lo 'H jm
and eas11y W\}t1f1edu The f0110w1ng are taken from the work of a
number of d1fferent st%dents _The spe111hg of REPEAT ( typed REPAET)

was the bug of 2 studené@w CUVWD was mmstypeaﬁ%s CUPIT. Other typing

et

errors 1nc1uded RT, 9 far RTﬁgo FD 5 for FD 50, FD 50 for FD 5, and
ENDC for end. The omwss1on of a space resulted in the following:
25LT, 180FD, 20END, 1FD, :SIZERT. Two occurances of unmatched
brackets and one misplaced brécket gave error messages. The 1ncorrect
syntax for SETXY also occurred. The attempt to use 17 as tge name of
a procedure and P as an input value for SETPOS were a1so observed as
bugs. The shifted brackets in Terrapin £0go represented the most
difficult bug to remove since the two‘brackets visually appear the
same but are understood differently by the compu-er. .

Miscellaneous Bugs

« C N

A number of students made use of HOME SETPLS SETY and SETY‘oﬁf,
their own MOVE definition with1n their procedurec or qubprocedures =
On many occasions this did not present a problem, but for 5 students,

when they tried to use their subprocedures again on,a‘different~part

of the screen, bugs occurred . L Wt

v - » =3
Mike's work illustrated the of fending HOME command. 'He,Wag; '

PR

unable to repeat the heart in a new location.

TO H Lo sl
HT ' . JRERGEY
PC 3 e
REPEAT 115 [RT 2 FD 1]

PU \ -

HOME . e
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PD |
REPEAT 115 (LT 2 FD 1]

ﬂg~ | FD 60

LT /8.5
FD 60
END

Mike was willing to debug his procedure to get the desired results.
Mark, when faced with a similar buy abandoned the ided and,
changed the project. His procedures follow.

TO EGG - TO EGGS
~ py CSETY (-10)
SETY (-80) - LT 180
PD ) EGG
RT 180 END
REPEAT 22.5 [FD/5 RT 8]
,FD 10
"REPEAT. 11 [FD 5 RT 5]
Py
HOME
SETY (-80)
PD
- REPEAT 12 [FD 7 LT 5]
SETY (-10)
END

He tested EGG, then EGGS. Ray's bug occurred when he embedded his
MOVE procedure in a procedure callad P. He then tried to repeat the
procedure P, and the bug surfaced. He was able to remove the MOVE

procedure from P and then use both procedures appropriately in a
v

(superprocecure

Using the words TG !hd ED within a procedure are not acceptabXe
Cindy and Barry respect:ve1y discovered this. Cindy was calling a
subprocedure and instead of typing the namé JA she typed TO JA. Barry
entered;ED within his procedure as he thought that it would make the *

whole screen flash off and then back to his graphic.
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- Some. semantic problemsﬁwith REPEAT occurred. These were very
evident .in the work of Doug.

. T0 BUTTERFLY : :
REPEAT 2 [ RT, 45 FD 20 RT 80 FD 10 RT 35 FD 30 RT 35 FD 40]
[RT 45 FD 10 RT 45 FD 20 RT 45 FD-10]

 REPEAT 2 [ LT 45 FD 20 LT 80 FD 10 LT 35 FD 30 LT 35 FD 40]
END

He rece1ved the error message, "You don't say°what to do Qith [RT 45
..{f - his mf@d]e T1ne. He d1d not understand this, nor did he
. understand the contents of the ~Wo 10ng REPEAT statements. DougvaTSo
Tattempted to use comnands’ such as PU 50- ana PR 60 to get the turtle to

'go 50 steps toward the top of the. screen and 60 steps to the r1ght of
the screen. - 4 o ,’”v' §%ﬂ S ’

e

In observ1ng Don S use of REPEAT statements in was not cTear
whether he fule.understood the-semant1cs involved, although .he’ d1d on
some occas1ons use them correct]y. One of his procedures and the

graph1c appear 1n F1gure 11. Don was T1ke1y “perform1ng at this.
4
. stage and certa1n]y d1d not have a clearly planned prOJect in m1nd

It 13 1nterest1ng to note that h1s doubTe d1g1t anut vaTues are all

' adJacent keystrokes*' o ’ﬂe | | e A

(/’ o The 'L0GO SYSTEM BUG wh1ch occurred in Tr0y Swark on came as

!

»f,a mystery and was totaTTy cr1ppT1ng.o The Tanguage had 'to be reToaded



~ Figure 11
~ Don's Gréphic
TO D.L. . ) ¢
REPEAT 4 [FD 45 LT 90 FD 45] -
REPE@ 7 [FD 32 RT 43 FD 871 S

FD 6
REPEAT 9 [Fp 54 LT 32 FD 98]
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[

Debugg1ng Strategy Spec1men
A representat1ve samp]e of student work illustrating the various
debugging strategies wi]] be included and d1scussed in this sect1on.
In most cases the strategy is discussed in re]at1on to the part1cu1ar
bug the student was try1ng to eliminate.
Immediate Mode .

The work- of Ltnda is representative of the work of 3 students,
all ‘girls and all from School B%;yho~f1rst worked in immediate mode,
taking notes as they;went a]ongjv Then the work was transfered from
the notes into the editor, tested‘anu tt necessary, further ?thgged.
Linda'n‘s':“‘v'iork goes one step beyond that of the other ‘two, sin,;me' not“‘
only planned her work in modules hut made use of subprocedures.él |
‘ The following is taken from the‘WQrk of Linda, as she started her

Valentine's.Day project in which she designed the large letters L O U

E to go diagonally across the ‘screen.

& Types Writes : :
¥ ;s L 5 , s
RT 90 . o .
LT 180 LT 90 .
- 'FD 100 . . o
FD 30 FD 130 , , : ,
RT 90 « - RT 90 . '
PR FD 60 \\§>' FD 60 : _—
. PO .~ g PD. . : ’ e
o FB 20 FD' 20 : o
BK 20 BK 20 . Sy
‘LT 90, (erases by backspaeing) '
" RT 90 RT 90 o .
FD 10 .. ‘ S - ;

In this samp]e of work, L1nda s notes accurate]y represent what - she

~

. wanted” tn her procedure Th1s is not ‘always the case as is ev1denced

~

in Laura S work in the sectlon under mu1t1p1e strateg1es nearvthe end

T . - A
I‘R‘ ’ ’ -

,-:"_ .
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of this appendix. Students taking notes from their immediate mode
work to transfer into the editor do face difficulty. The omission of
11nes or incorrect copying is not uncommon. During an observat1on'
period with Laura, she used <CONTROL> T to get the text screen and
check'her work but missed the top 1ine which had scrolled off.‘ Lana,
who al'so did a considerable amount of immediate mode work, often typed
with her left hand wh11e_wr1t1ng w1th her right. She also devised a
system of entering four iides, copying four lines, and then filling
vthe four 11nes with question marks by hitting the RETURN key four
times. when the Tast .qugstion mark d1sappeared as the next four Tines
| were typed, it was again time‘to copy the lines into her notegook iib
In them&?rk of, some students, such as. Troy's work, a fa1r1y 1arge

block of time véis spent‘1n 1mmed1ate mode, with no notes be1ng taken

by the student. The student Rhen attempts to transfer Lresults to
| prgacedural mode, and often faces som‘e of “the same d1“’i°f&ﬁesi that
weregjust fmgolved 1n 1mmed1at§“m&ﬁe The exper1ence of hav1ng worked
in immediate mode seemes benef1c1a1 1n that probﬁems were resolved
much more qu1ck1y the nef% t1me On two occas1ons %zrry asked, the

researcher to take notes f%gﬂlfm, which was dgne. .Murray's comment,

while working in procedural modé wei "I don't really know what 1'm
doing. 1 should- have written it doyn. ﬁ . e %y =%§%Q

e

Some stude%ts have very good Aeca]] of 1mmed1ate mode work, as’
ev1denced by Sanqy S work wh1ch is dJSplayed be]ow In immediate mode

she typed: S . ' A 3 PRI

S
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FD 50 A TO WALL
FD 50 FD 100
RT 90 RT 90
FD 10 : FD 10
RT 90 g, RT 90
FD 10 % . FD 10
LT 90 - LT 90
FD 10. FD 10 ,
RT 90 LT 90 ' Ve
LT 180 L FD 10 .
FD 10
RT 90
A - FD 10
' "~ RT 90
i FD 10
he % LT 90
l‘*'?:‘ N FD 10 a
,,‘-"rt ' ‘n I.T 90 . o 4 . 5 "’gﬁ'&??a;l”

| o 1've got to keep doing this so ... ", She‘o1eared tne screen,

E:went into the teach mode, and began typ1ng the WALL procedure shown to

_the right.” After entering the above, section, Sandy SAW evénﬁhore

" clearly the pattern that she was using, typed an END statement and
went into the editor to put all but the f1rst line of the procedure
into a REPEAT Statement A]] of the above was done without making a
note and w1th act: recall Of the 1mmed1ate mode wolk eliminatigg the
double FORWARD and the 1atera11zlilbn error, as it was entered in

R

procedura] mode
The work of Carql ywas done mostly in prochural m0de'and )
immediate mode was useq only to test for a larger sized c1rc1e to put
- into the procedure 1nstead of - the small one, | 3’ |
 REPEAT 72 [Fp.4 RT 5] instead of REﬁtAT 72 [FD 2 RT 5]
Mark used 1mmed1ate mode when he was unsure of the forward 1ength

required. " = .

&7 FD50 gy20 Bk 20  FD5 FD S



bat
'ty-"‘

Then he calculated the total forward d1stance._ Later he used

immediate mode ‘when he rece1ved an error message fo]low1ng the

.”‘,

! execut1on of a procedure which started w1th th1s 11ne
. ae SET XY (:100), (-100) .
He first, tried tofdebug.this line in the editor by removing the space

“ . o . T . ' o
' between SET and1( After working in immediate mode he returned to the

ed1tor and entered * - S - .‘
SETY (-100)° .48
SETX’ (-100) : *3‘;

5 &

b5 o

- Observe and Change. : ;°g3 : o ‘n.;i f ‘ . 59» g@«x_y

P
----

change was used most often in the case of 1atera11zat1on bugs and
PENUP and/or PENDOWN bugs. Many of -the 1atera11zat10n bugs re]ated to
.'Teft and right turns of 90 degrees. The following sample from the
1mﬁed5ate'modeQWOrk of Barry, showe the11atera]12ation bug with a 45

,_ dé%eng]e and ‘in each case he would observe and make the necessary
change. ,‘ ' \ : o o : A\

FD 90 o «
RT 45 - 2
FD 20 - ¢

FD 20 ' e s R, |
# 17 g A
* ORT 90 . Y
- FD 40 ‘ : 3
| FD 20 : w :
FD 20 R
LT .45% &

RT 45 ~ R

RT 45 - % L E
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PU
HOME
REPEAT 4 [FD 90 LT 45]

When he tested the procedure he said, "Oh, I forgot to put PENDOWN. "
Observing immediately that he had omitted PD, he reentered the editor

" and added PD after HOME.

€,

Trevqr s work in procedural mode shows s1m1]ar exdmples of the
- observe and change strategy of debugging. The end of h1s FLOWER
procedure was:

PU SETPOS [-30 -30]
REPEAT 90 [FD 2 RT 1]

e

_ Upon testing he commented “T forgot to put PENDONN He reentered“ﬁﬁﬁﬁék

‘h

"5the ed1tor and added PD. He %hen tested a§a1n andéyﬁ1s t1me was able .

SR e : oo

to see the turt]e draw the arc stem he desired. His comment was, 'Oh my&t}

oh! 1 forgot one thing.u Before 1 put RT 180 (h1s jmmediate 'mode workkﬁpiii

and it went this way. Now it went. through the f]ower. Fo]]ow1ng~. i v
" ) . - " ui‘s
thjs observation he edited again w1th his procedure then 1ook1ng 11ke

7

this: o R | ‘ “;nyk Qt K
/. IR
PU SETPOS.£=30 -30] PD | S TRy O
T 180 REPEAT 90 [FD 2RT 11~ .. *kqgiy .
: ‘ S 2 L Pl
Guess and Check P
3 ! 1&1\3&,l"

/ﬁhe uses of guéss and check were many and its application varied

1

from a very random guess to a very educiﬁed prec1se guess

Cohnie, in making a rectangle, had the fo11ow1ng procedure

»

TO YOU
REPEAT 4 [ FD 60 RT 90 FD 90 RT 90]
END '
When she tested this procedure she commented, "It goes over twice so‘E‘

should change tpa;.(meaning.tﬁe nufiber of REPEAT's) to 2." She W



pauses. "Or maybe only once." She ed1ted the procedure to read
REPEAT 1 [FD ... and tested again. "It only went hdlfway - have to
have 2," she said as she edited it to REPEAT 2, ‘and then tested again
to be sure. |
Don's work illustrates a gi;r1y random series of guess and check
strategies. He was try1ng to kdcate one c1rc1e within another, and at
no time showed any cons1derat1on of the radii of the c1rc1:3i The
. following sequence is taken from the observation notes.
HO&G
LT 45
PU :
FD 45 :
PO ﬁ@’ SRR

1

Don tested and said, "I shou]d have put’ PENUP before HOME‘ He |

entered the editor, added RU and changed LT 45 to 59 comment1ng,
"When I put"45 it didn't turn enough.( He tested aga1n, then entered
the editor and added LT 85, and ﬁnenftested.aga1n He salde “I m

e AT
try1ng to find the right spot " and entered the ed1tor aga1n.‘ Thei_*

S

resulting procedure was then added to:

PU ‘
HOME : | ¢
LT 59 | \

FD 45

B

LT 8

PU | ‘

*ED 45

fvg

He ;ested again .and added:

RT 35 S e

" He tested\again and’ added: o
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REPEAT 30 [LT 23 FD 13]
At this pdint Don tested again, observed the missing PD, and
commented, "1 didn't put PENDOWN. ['ve got to put it (meaning the
small circle) up a bit more.“ He then reentered the editor, made a
changeé: and tested three more times in the following sequence:
Deleted RF 35 and put in PD

Changed the last FD 45 to FD 49

Changed the FD 49 to FD 57. v

;ﬁﬂthough Don was content to stop at this point, his circle was not

symmetrically located to the previous one. His guess and check method

was not the most des1rab1e and one would likely reconmend that he

¥

fo11ow the pattern Found in the ear11er part of the procedure.

g"

In trying to adjust the ]ocat1on of the teeth on the ﬁace, Cindy

changes the FD 35 to FD 45 then to FD 55 then to 60 and finally to

&

.65, to get the~prec1se 1ocat1on ‘desired. Although her f1rst guesses

™

cou]d have been more accurate, she had little choice for strategy.
N

except to guess and check Thisyis a150 the case with Mike. He

angTﬁ for the letter V. He ]ater worked to get the precise turn
desired by adjusting from LT 140 to LT 100, to LT 105,~and,f1na11y to
LT 103.5. ' w o

Playing Computer or P]aylng Turtle - /{ﬂ\\

. P]ay1ng eb?Futer or p]ay1ng turt1e as it is often called in Logo

11terature ;an 1nc1ude a var1ety of approabhes. It was used by - )/°

students who were*working in. immediate mode as well as procedural

mode.

kchanged from RT 125 to RT g%g and then to RT 140 wh11e determining the
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During the second observation with Cindy, she was observed moving
her'upper body to hé1p determine the desired turn. During the third
Cbbservahion, while adding to a procedure, she said, “I've got to stand
up." She took two paces, turned left, and then returned to the chair
and entered a few commands. Later, while still having difficulty with
the procedure, she took gome paper, got up, walked, talking aloud and
recording as she went. She then entered commands from her notes into
her procedure. This was followed by four other notations of Cindy
turning her body or a part thereof to help her determine the route the
turtle should take. On two occasions in this same observation Cindy
went line by line through the jisting of the procedure, matching it to
the diagram.

A simﬁ]arusituation existed in the second observation of Murray,
who was designing the letters B E M I NE. He began his debugging

sion by comparing his notes to the listing of the procedure in the

editor. When thig did not Feveqj,the bug he went through the listing
<t

Tine by Tine, drawwng a d1agram This was successful in finding one

@y ez

bug. He ‘then cont1nuéd through the - 115t1ng, drawing as he went. He
responded witﬁL“Ah hu. Right there there 'should be aVFORNARD. -
Later, wh11e designing the next step, he looked at the graphic on the
screen, his hand traced phe moves, whi1e‘his head and shoulders |
followed the turtle. . : - '

. CLEARSCREEN (CS) or DRAW was used by q’gymber of students and on

Clear Screen and Start Aga1n

a few occasions was used repeatedly before a debugged program was

achieved.
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The following example comes from the ‘Monl%’aé)fv\Undia. She was -
A N

trying to 1océtéiuﬁ;turt1e at an appropriafe‘sEan@ﬁngjppint before
beginning her lettering. |

PC 1

LT 90 -

RT 60 -

FD 50

DRAW .

PU

LT 65 %
FD 100

FD 50

PD. o
RT 90 g
FD 20

DRAW :

Trevor's work was actually a continuation of the task from th
previous day on tessellating hexagons. Since he had left the sé§§f_
with bugs in his work he chose not to load his files, but rather make

o ‘ - g : : i
a fresh start. He redefined the shape, an irregujar. hexagon, and then

AN

R

in immediate mode used the proeeduce with other commands.to discover a

@

way to tessellate them.

LT 90 SHAPE  CS :
SHAPE LT 180 SHAPE CS _ .
SHAPE LT 180 RT 45 SHAPE (S ' : o
SHAPE RT 180 LT 180 LT 180 LT 90 SHAPE  CS ’

"Not quite!™ - : . ‘
SHAPE RT.45 FD 20 RT 180 LT.90 RT 180 LT 45 SHAPE CS
After 16 tries Trevor had a procedure that linked two shapes together -

in the manner he wished. It Togked like this:~ .

‘ ‘ X
0T . .
SHAPE - & , %
RT 45 FD 20 RT 90 = ;
SHAPE  * . e
:‘;, . i m,
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Six more tries ih immediate mode with CS betwsen each to get < fresh

start resulted in a procedure that would link.ﬁ third SHAPE to the two

Y]

already joined.

TO S
1
BK 20
RT 45
RT..45 g +y
'RT 45 §

sHAPE R
END & MRS .
Delete and St@main

- A .
&
is is very similar to the above category, 1t refers to
work done in¥he procedural mode and is therefore treated separately.
wWhile making his tunnel, Bérry had completed part and responded,

"There! That's how [ want it." Following this he added:

BK 25

RT 45

FD 50

LT 45

FD 25

LT 45

FD 25
"He tested but was not pleased with the results so he deleted all but

the first line. Then he entered:

During an observation with Cindy, a procedure for MOUTH {(on the

left below) was written to add to the exixting face procedure.
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| +
© T MOUTH TO MOUTH
PU PU
FD 20 - FD 35
PD LT 90
LT 90 PD
FO 30 FD' 20
RT 90 RT 90 '
FO 10 “FD 5 -
‘ LT 90-RT 90
, RT "90
FD 50
RT 90
FD 5
: RT 90 -
.. FD 30+
END

¥

After testing MOUTH, fhe superproceduﬁe was brought irtto the editor
and MOUTH was added after NOSE and thén tested agaih. The result was
not as desired so MOUTH was edited and the first FQRNARD'changed to FD‘
90 and retested. Next the LT 9Q was removed. Following testing a RT
90 was.added 1"its place and again tested. .At this point all of
MOUTH ;S; deleted éhd a fresh start made. The result was a long narrow
rectangle shape made with the MOUTH procedure on the right above.
Simplify |

Because of uncertainty with the syntax of the SETPOS command,
some students were observed simplifying their approach, Vicki was
observed enter%ng the following line:

SETX" 5Q iOO

When she tested it she received the message, "I don't know what to do
with 100." Vicki responded with, “0h, I did it the wrong way." She

then deleted the line and entered: A
o (.

LT 90 . | : »
- FD 60
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Pyler comment was, "This is easier.” When beginning her session the

’

next day, Vicki was observed looking around the room at the wall

“’charts. When asked what'she was doing, she said she was looking for a |
' chart that to]d how to set X ‘and Y, but couﬂdn t f1nd one. Therefore

she proceeded to use the. same approach she had used the day before.
A
During an obsenvat1on Sandy edited a pgocedure from the previous

géy in which she had‘corréct}y used SETPOS. ~She made the following
change: o o . T

SETPOS [0 -80] “to SETX -100
- SETY -50

~

She commented that she was not surexof-SETPOS'so was going to use the'
other. Mark had-handled-a problem with SETXY in Terrapin Logo in a

similar way, by using SETX and -SETY when he was unsure.of "the syntax

~

of the SETXY command.

S o B
1 R AU
- l\

Using the REPEAT command presented prob]ems for\a number of

students, wh11e making a rectangle, Cindy removed the REPEAT 4 which
was giving her a square, and ehtered the eight commands instead.
(Barry 'retained the REPEAT command but solved his bug bywswitching

the task to a square'instead of a rectangle.) REPEATs wereéremoved by
\both Ted and Sandy wh11e mak ing hexagons. ‘L |
Trevor %tried to tesse11ate a hexagon which he called OBJECT1. In
attempt1ng to get rid of a bug he decreased the number of REPEATs from
six to two and then removed REPEAT comp]ete]y .
- TO ROW
REPEAT 6 [0BJECT1 20 RT 180 FD 20 OBJECTI 20 LT 45 FD 20 LT

_ - . 90 FD 20 LT 45 RT 180]
- END
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TO RON
REPEAT 2 [08JECT1 20 RT 180 FD 20 OBJECTl 20 LT 45 FD 20 LT
: 90 FD 20-LT 45 RT 180]

END

TO ROW .
OBJECTL 20 RT 180 FD 20 OBJECT1 20 LT 45 FD 20 LT 90 FD 20
"4 LT 45 RT 180 _ e o
£ND . ‘ S

% .
Later in - the same sess1on he again removed the REPEAT from another

procedure, worked with the contents in 1mmed1ate mode for a time, and .

.then,reinserted-the REPEAT.

TO ROW.L-
REPEAT 6 [ROW ROW.LT 45 FD 20 LT 90 FD 20 LT 45 RT 180 BK
? 20]

v‘/ END
" This is the only observation’of a student sTmp]tfying and then
returnind/to the more complex.” Although this did make a nice design
that Trehdr was pleased with, it still was not bug free with respect
; to the task he was trying to accomplish. | o

" 0na number of occas1ons students using the strategy of
s1mp11fy1ng were observed avo1d1ng the use of subprocedures as they
found them too complex. One such example appeared in the work of
David. He had a_procedure named HEAD and then began: ~

TO EYES

. RT 60
<CONTROL> C

David said, "I don't know how. I'm just going to puf it all
together;" He then entered the HEAD procedure in the editor and
. /

proceeded to add the eyes onto the part already containedfin HEAD.
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Shauna removed a subprocedure from the end of the first REPEAT
statement and added it later in order.to simplify the action and in
=Y

the end had the fol]owingkprocedures:

“ TO ROW - TO F

REPEAT 1 [SHAPE ALL D] START
RT 90 " ROW
FD 20 | '. ROW .
RT 45 : START .
FD 20 ; PU
RT 45 | BK 30
FD 20 | RD

LT 45 - ROW
'REPEAT 1 [E] o ROW

S . o END

END

- She had retained the REPEAT statements with the hope that she could
increase the value“from one back to eight when she got the bugs worked

4 .

out. This did not happen, and neither did the deletion.of the

‘unnecessary commands..’
Ray 'simplified his prdcédure by removing a subprocedure from the

calling procedure, tested the procedUreSlup to the offending

subprocedure to be sure they were fipe. He then debugged the

subprocedure.
Vicki's simpiification showed.hér uncertainty with using //éls
variables. She began her proéedure; ‘ - %}/éé}
TO RECTANGLES | E I 4
FD :SIDE | . | : &

7

Then she'changed it - to FD 50 and continued without using vériab]es;/
. N . ,ﬁ

{

\

- Seeks information

A variety of information seeking strategies were observed. . Cindy

consulted a book to find out how to make a rectangle using the REPEAT
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command. She could not focate it. Vicki looked around thebroom for a
chart on the use of SETPOS or SéTX and SETY but was unable to:find -
one. Barry received help fme his teacher on one occasion whén he - was
using'the shifted bracket ([)‘on_the Apple //e, in a procedure and
" could not decipher what was wrong. Shauna consulted with a friend as
towwhy her procedure was not working. Her friend Tooked at if briefly
and said that she had the pen up.- She’t}ped PD and ‘tried it aéain |
Qiﬁh the same result. The friend said,="It's in your procedure." and
walked off. | |

' On many qccasions questions were asked of the researEher. These
were treated, if possible, as a case of the student thinking aloud, or
asking .a retorical question. When this was not satié?acﬁory with the
student, ﬁhe researcher would respond“wilh,’”whét do you think?" or
“Do what you thjﬁk is best!" There were a total:of eleven 1ﬁstahtes
wherg tHe researche;,did_give infdfhation. This did not include
assistance given by‘thé_fesearcher in disk and~f11e handling and
assistance with the editor commandé ahd procedures., - Tﬁese cases were
not recordéd as they were Fonsidereg not to 1nterferé with the‘data'
co]]e;pion, The fo]]owing exahp]es‘show instances where infbrmation
was given by the researcher, ;
An ernor message resulted from Cindy'; work.

TO ME . - _

E¥'90 . N\
FD 24 ’

PD

REPEAT 90 [ FD 30 RT 30]

* T0 JA (a subprocedure) .

PD
REPEAT . . .
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9
Cindy was unable to-find the bng‘on ﬁéﬁ”%wn. Affer waiting for a
iwhi]e to see What she would do, assistance was given by the
researcher. Her own teacher, present in the room, was busy’with the
class. Later in the same seesion, while working‘with circles,
assistance was giVenAby the researcher, te determine the'number.of
REPEATs so that control could be established over the stopping point ‘
on the circ]e. Cindy"cou1d make a circle but had Tittle idea of ,how
to get it to stop when the circumference wasfcomplete.b On a 1ater_
occasiqn Cindy was tryfng to carry out a move, had turned to the ’
r{ght gone forward, and then proceeded with the next part. She was
perp1exed as to why th1s d1d not work, so the researcher drew a
d1agram for her of the turt]e s movement and head1ng She was then

»

:ab]e to fix her procedure,

David hadiseiera] REPEAT ‘statements which appeared to be a random
co]leetion ef commands. On one occasion the resesarcher: talked
" through the commands in an attempt tb‘expfain what would happen, and
asked if that was what he wanted.

A subprocedure that was causing difficulty for Sandy Wae
simplified when the reseercher suggested-movfné the turn command from
~ the beginning of the“REPEAT to the end so that the subnnoeedure.c0qidv

AR}

be more easily joined to itself.

T0 P :SIZE

REPEAT .2 [RT 45 FD :SIZE RT 45 FD :STZE RT 90 FD :SIZE]
- END,

T0 P :SIZE

REPEAT 2 [FD :SIZE RT 45 FD SIZE RT 90 FD :SIZE RT 45]
END
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When Mikg ended up with a recursive'proceAU#g that he could not
control, the researcher talked with Him about what he wanted it to. do.
Since he was fami]iar with Superéﬁocedureé, it was suggested that the
writing of a’superprocedure which called for his subprocedure the
éppropriate number of times was one solution, and then hé‘removed the
recursive\fine. |

DQring Linda's first observation session she became totally
confused and flustered. Assistance was brovided for her, as it was
felt ﬁecessary for her self-esteem and to establish rapport for later
sessions. »with'relief she said, “Thaﬁk«ynu.foP helping me."
Following a Pattern

For those students doiﬁg an ass{gnment on symmetry; one woﬁ]d
jexpedt to see extensive use of this strategy. This was the case in
the work of Barry and Connie. - Cindy also uséd this strategy in
working out the details of hgr face p}oject. '

‘ Ray was able to follow a pattern to debug the DOT commandy
stétements which had bugs in them. He had found the location of the.
first DOT by using the PRINT POS command and then had written a
éuccession of statements. These a]]vincluded negative numbers, and
since the first was to go at fhe 1oéation, DOT [-120 -13], he in error
decreased(the'x va]ue.to move to the right. | |

pof [-130 -13]
DOT [-140 -13]

-~
Ray quickly saw the pattern, changed the values, and added the rest of

the DOT commands he desﬁred. o
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L]

P4

In establishing the origin'point for each row in his triangle
tessellation, Ray was able to see a pattern and use it. He said, "I

do FD 30, LT 90'and then 50 less than the one before. Then RT 90 and

FD 15." This was a fairly complex pattern and was established

quickly. In actual fact he was not subtracting 50, but was using 50
and then making adjustments, |

Sandy was quick to see batterns, both when building the castle
and tessellating hexagons, and as a result in;]uded'th%‘ﬁecessary
lines in-a REPEAT statement, Although the exampie heré was used in
bui]dfng the procedure, it was useful later in debugging a part of the
procedure, | A o

TO WALL

FD 100

RT 90.

FD 10

RT 90

FD- 10

LT 90

FD 10

LT 90

FD 10 :

She saw the pattern and ‘changed the procedure. : .

“T0 WALL - |

FD 100 .

REPEAT 10 [RT 90 FD 10 RT 90 FD 10 LT 90 FD 10 LT 90 FD 10]
. %

e o o

*

Error Messages

Recorded here are some of the bugs which resulted in error .

. messages being printed by the computer, and how these were used to

Ll

remove the bugs. \\\\\\\\\k“

The following is from the work df‘Sahdy.
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TO WALL

~FD 100
REPEAT 10 []
RT 90 ,
FD 10 . . .

_The contents of the REPEAT, which had been written first as.a string
of commands, appeared following the REPEAT instead of within the
brackets. When she received the message, “'NOT ENOUGH INPUTS TO
REPEAT", this was qu1ck1y corrected
Sandy rece1u&¢~4ﬁ G@Fﬁr message as a result of this procedure:
‘\[su
T P SIZGT T AN . O

REPEAT 2 [RT 45 FD :SIZERT- 45 SFSBEYMW? 90 FD S1ZE]
END s

' The necessary space was inserted between :SIZE and RT after the
" message, “SIZERT HAS NO VALUE IN P" was read.

_ ’Shauna‘and Vicki received error meseages saying, "T DON'T KNOW
HOQ TO REPAET", when they had m155pe]1ed REPEAT.  REPAET was |
corrected to REPEAT

” N frox s work resulted in error messages because of the variable
inputs. ‘

TO REC2 :LENGTH
FD :LENGTH

RT 90 ) | ‘J
FD :LENGTH

He tested. this by entering R&C2 67 89, and received a message that the
computer.did not know what to do with 89. After several attempts ﬁo
debug this, which included changing the variable names, Troy realized
that he needed two variables in tﬁe ﬁame and then typed:
| 10 RECZ :SIZE :WIDTH

- FD :SIZE

RT 90
FD WIDTH
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This" resulted in the message, "I DON'T KNOW HOW TO WIDTH: JUST BEFORE
LEAVING REC2". Tfoy responded with, "Oh, ['ve got to use a variable -
dots." He then tested the procedure with REC2 40 80 40 80 and another
serie§ of megsages and debugging attempts followed. After many
attempts, often ignoring the messages, Troy 1efgnthis bug unsolved.
When using the procedure as a subprocgduf@’the next day he was again
faced with the bug and did eventually conquer it. Troy received more
error messages than any other student. He had considerable difficulty
handling them and on several occasions tried to ignore them. He a]sé’
was the receiver of the message, "LOCO éYSTEM BUG", which could not be
removed, and resulted in the loss of a11 the pfocedures he hadvtyped
in that day, as it would not allow him to SAVE or continue work. His
work was reentered on_another machine from the notes.of the
resesarcher. No one Qas aware of what had caused the bug or hoy to
get rid of it.

Barry a]sé received error messages.

TO 17
REPEAT 4 [ . . .

Barry received a message that TO doesn't like 17 as input so he
changed the name to JOE. He later received a message saying .there
wege not eﬁough inputs to'FORwARD, as a result of the following
statement.

REPEAT 4 [FD]
The necessary input was added and Barry continued work. Barry also

‘received the error message, "THERE IS NO PROCEDURE NAMED 4[FD90”;



18/

Barry had two bugs heré. The space Wds added but the hidden buy, the
shifted bracket, was resolved after consultation with his teacher,

Other error messages resulted from spacing bugs, unmatched right

-

brackets, and, extra letters.
Changing the Plan of Attack

When havigg difficulty with the placement of a section of the
symmet rical design, Carol swipched the location of the axis of
symmetry to make the removal of her bug easier.

Mark's work is an example of sevefa] students, wholwhen having
di?ficujty placing the turtle, would change ;heir apprdach by pyping

HOME and then attempt the required location again.

KT 90

PU !
FD 45

RT 90

PU

"HOME

Mike's changevin plans was made to get rid of the Timiting effect
of having HOME in the procedure. It would not allow him to place the

procedural drawing on the screen in a variety of places. He was
designing a heart by making the upper right portibn, returning HOME,
making the upper left portion, and then adding the bottom part.

ry

T0 H

REPEAT 115 [RT 2 FD 1]

PC 0 :
HOME |

PC 3 .
REPEAT 115 [LT 2 FD 1] '
FD 60 \
LT 78.5

FD 60

REPEAT 5 [RT 35 H]

END
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when Mike tested this procGQUru‘he conmentud,_”va, it yoes to there
and then goes to HOME. I think 1 can fix it."” He made all the
necessary changes without a single slip., This was an exciting example
of very clear, logical thinking.

TO H A

REPEAT 115 [RT 2 FD 1]

FD 60

RT 78.5

FD 60

REPEAT 115 [RT 2 FD 1]

REPEAT 5 [RT 35 H]

END
" The Jast 1ine‘st111 contained a bug as it has a recursive call within

a REPEAT command, but the task he had set out to accomplish was well
executed.
Abandon or Chanée Task

Switching to a square rather than a rectangle was done on more
than one occasion. As mentioned earlier, Barry did this.

When working on his Easter project, Mark changed the task from
mak ing several eggs to making one egg and decorating it. The reason
for this was a fixed SETY‘cpmmand in his procedure, which did not
allow the egg to be placed at various locations on the screen;

Linda, as well as other students, changed the task of writing'L O
VE to L 0UEin ordgr to avoid the dif;iculty of the diagonél line.

David switched from round eyes to V shapes because of the
difficulties he had in making small-circles.

When the nose on the face Barry was making gnded up.in the eye,

. he changed his plan, made a corresponding part for the other eye, and
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then began again on the nose,  When ditticulty arose with the arcs in
his symmetry project, Barry decided to add stuares instead ot arcs,
Vicki decided to make a diamond when the triangle prodedure
resulted in a bug. When stdrFLng this se;siun,'shc stated that she
was not going to complete the task bwegun earlier as it was too hard,
Only two other instances of abandoning the task weré recorded, and one
of those was by Barry who wished to experiment with something elSe.'
He said of the abandoned task, "Will work on him tomorrow."
Several other cases of unfihished projects were observed but not
recorded 9s‘such, because the teacher had asked the students to worﬁ
)
on something else. Thus the task could not be considered as abandoned
by the student, and in fact the one mentioned above by Barry may not

\

have been permanently abandoned either. The observation in which this

-

happened was the last one with him.

Other Strategies

Mathematical Calculations. The following are fairly typical<ﬂ:“'

-

the instances where mathematical calculations were recorded. Carol
had made a square with sides of 120 turt]e steps, and tﬁen wished to
center a circle within it. With her finger on the side of the sguare
she said, “That's FORWARD 120. I want to go halfway (moves finger up
halfway), so that's 60." In making the large letter N Murray had-made
the first stroke of the N and then the final stroke, leaving the
diagonal to be done last. MWith'the turtle at the bottom, heading 180,
he typed RT 155 FD 50 and the N was complete, but he needed to
reposition the turtle for the next letter so some calculation was

necessary. Considering the RT 155 and using his hand, Murray said,
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-~ ,
“Turn RT 2% to taie up.  Then 90, That's RT 115 to do the whole thing
because 1 want to face that way {pointing to the right)". bigure 17

depicts the steps of Murray's work.

¥

Figure 12

Murray's Calculations

RT 155 FDSD N msN RT 90N

Calculations were not always correct. For examq}e, Ray,
following a seriés of turns to both the left and right (RT 180 LT 50
RT 20), added or subtracted incorrectly and had 'to work ig‘iMmediéte
mode some more to come up with the RT 150 that was required.

Drawing Dfagrams. Although few diagrams were drawn, they were an

effective means 'i’debugging. Laura's diagrams (Figure 13) were done
in three stages as she débugged her Valentine Card procedure, while
Murray's small diagram was carried only far enough to work out the

missing commands. While Connie had been working, the observer

sketched a diagram of her project. When she had difficulty debugging
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Figure 13\

, Laura'§ Notes and Diagrams
VDN (v e Cac .

ks ED &2
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she used the observer's pencil and ‘paper and made a drawing which’she
retraced several times. Sandy's diagram, shown in Figure 14, was done
on graph paper, which was very effective for her as she had a series
of short lines and turns. Don's comment was, "I just p1cpﬂre it in my

head." This was likely the case with all students at sgme t1me, but

. those students who used pencil”and paper diagrams‘foupé them
profitable. ‘ - o . : ,/“
. ‘ . . ’/

Figure 14 -
Sandy's Graph Paper Dray{hg

| |

/
vy
/
p
/
. AR ' o ,
Note Tak1ng Note tak}ng was a much more common strategy than
: ) ‘
the drawing of d1agrams /As was mentioned in the discussion of the
immediate mode strategy7/which often accompanied note taking, stUdents(
o / o R
faced difficulties with thejr notes, as well as using them as a
valuable tool. Several students, including Laura (Figure 13), Lana,
Linda, and Murray, not only made notes, but kept a notebook.
Others”11ke C1ndy, made notes on scrap paper and kept them on]y as
¢
long as they were needed to debug the program. She made notes only
during some of the observat1on sessions. Her notes were usually short

sections which were then transferred to the current procedure. Most
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of her notes.were made while she walked or moved %rlbody or hand,
playing turt]e. Some were made while observing the screen display and
some were actua11y copied from the editor. Murray made notes a]ong.
with‘the 1mmedtate mode‘work, but more often while just planning,

looking at the screen, and accompanying his physﬁca] movements.

Abandoned Procedures. A number or procedures that didn't work or

Lwere no longer needed, appear on the student's disk files. Troy

started his session with the fo]]ow1ng procedure.
TO REC s '
REPEAT 2 [FDaZOO RT 90 FD 160]
END “a;i,x,

Upon testing. it he cowmented ‘"That d1dn t work. Oh, I know how to do

- it." He proceeded to wr1te RECZ wh1ch used variable 1nputs,‘and REC

Vnever was touched aga1n V1ck1 wrote a procedure ca]]ed RECTANGLE

.that did in’ fact make a rectange,‘but then wrote another called REC

wh1ch was a d1fferent s1ze. She had attempted to make the f1rst w1th
1nputs for size but was-unsure “and s0 when she needed a rectang]e of

another s1ze she d1d not conswder the f1rst one or attempt to edit the
1endth vaJues. Vicki also wrote a procedure for.a tr1ang]e which she
was not able to debug and so 1t,was;abandoned but left in the
workspace. Shauna wrote a variaﬁgg input rectang1e procedure which

worked”perfect]y. She then abandoned it and wrote two more fixed

'_va]ue rectang]e procedures -When she was in thebprocess of writind

the th1rd identical’ move procedure named E (G and L}are the same) she

rea11zed that it was unnecessary, did not f1n1sh it, nor did she use L

'b\. s

again. No attempt was made to clean the workspace. However, clean

workspaces were kept by a number of students who wou]dferase those
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procedures which resu]ted‘from a typing error..Such was the case when
Mark typed CUPIT instead of CUPID, the name of his procedure.

Change Order of Procedures. Ray found it necessary to change the

order 'in which he called the subprocedures on two occasidpsﬁ He,

along wifh ;thers, was noted chaining procedures together so that the
proceaure currently under construction would call the previously
completed one, which-5n’tﬁrn'ta11ed the’one that was completed before |
.it. This was uSua11y an effective strategy. Oné time, however, he
had the previous procedure té]]-the new one and instead of adding to
vthe top as before it was now necessary to add to the bottom and call
two procedures, A more common cause for remoVing.a procedure ‘was due-
té the use of fixed positions within it. On a number of dccasions a
MOVE procedure had to be remomga from another procedure so the

procedure could be used repeatedly withouﬁ reusing the MOVE procedure.

. . |
Using. <CONTROL> G. Shauna made three attempts at using <CONTROL>

,

G to locate the point-at which her tessellation procedure went astray.

She found {t difficult to stop it at the right moment and then
appeared to ot be.sure how to use the i formationlgiven in thek
message to her édvantage. She then deTeted the whole pro;edure,\-v
worked in 1mmedjéte mode, and then rewrotebthe procedure, Whilevl
working with the mouth on the face, Cindy asked, "Is there any‘way you

can pause it when it's doing this?" Such a strategy would have been

~helpful to her.

Using Variables. - Variables were used in procedures as a means of

~

debugging when the length or the number of REPEATS was not known,

Ted's work (Figure 15) illustrates a combination of these 'two uses. -
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He was attempting to tessellate 1rregUﬁar hexagons (which he called
PENT), spacing them end to end and fryingvto make enough to fill the

width of the screen.

Figure 15

L}

Ted's Variable Input Procedure

TO SETUP :P :C , O
REPEAT :P-[LT 90 PU FD :C RT 90 PD PENT]

END
o P AP T S P s S
e 2:_‘_;_{- z; z_::_ ;_>{ b 25 zﬁ_ > >
- / pm———— N, P
o O o< o > >

Using PRINT POS.. Ray's Fepeated use of PRINT POS as a debugging

sf?g?égy.worked effectively. On one occasion, after making a number l
of immediatelmode moves to position the turtle correctly for the first
row in the hexagon tessellation task (Figure 4), an appropriate
]ocation was found. He then worked in immediate mode to find the
éorrect location to spart the next row. Then Ray typed PR POS,
mentally nofed the values he got back (-95 -55), edited the procedure
called ALL, and entered the va]ues'into the SETPOS command.

TO ALL |

MOVE Co

REPEAT 5 [S MOVE2]

PU SETPOS [-95 -55] PD
" REPEAT 4 [S MOVEZ]
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Experimenting. A number of 1nstancesﬁgé&@xper1ment1ng were
noted. ‘Some ef these consumed the whole periodwer:a fairly large
block of time. A]though these were left d;%ﬁﬁtfe§sified blocks when
the student 1ndiceted that he just wanted to experiment, the
researcher is aware that in fact debugging was in some instances
taking place and the experimenting could be called a strategy. It
would be very much 11ke'some of the guess and test sessions thatvtook
p]ace. Some of the experimenting had been assigned by the teacher as
indicated ear]ieré whi]e-somevwas at the wim of the student. CaroT
wanted. time out to experiment with circles, while a number took some
time to experiment with color. Marks comment about color was, "It's
random - can never tell how it turns out." "

Multiple Strategies. )

A]thodgh each strategy type has been discussed separately and
examples have been cited to illustrate the debugging strategies, it is
important to reasze,that often multiple strategies were used as a
joint’attaek on a particular bug. | |

" Three strategies often seenvtogether were iﬁmediate mode,
physical referent (usus'l]y finger or hand), and gue?s*and-chétk
Searching through the ljisting line by line and u51ng a&phxs1cqi . ;kgﬁ.
referent were also often used together. Some of these comb1nat1oes
are d1scussed further fin the section on how strateg1es re]ate to bugs.

The following sample comes from the work -of Laura,‘called

Valentine Card. A copy of her notes and diagrams appeéred in Figure

13. She worked in jmmediate mode, taking notes in a notebook.
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i

: {
. Types Writes . Comments
. PU )
RT 90 ' , ,
LT 180 LT 90
FD 50 | '
. FD 20 FD 70
RT 90 ~ RT 90
PD . -~ PD
FD 50 . :
FD 30
" BK 80 . .
FD ,80 FD 80
RT 90 - RT 90 .
FD 30 FD 30
RT 40 RT 40
_FD 10 . FD 10
LT 40 ' LT 40
FD 10 FD 10
LT 40 - .FD 40
FD 10% 7 |
RT 40* | :
FD 30 . FD 30 o
RT 90 - RT 90 \
FD 80 o .
RT 90 : "I'm going to make it longer."
LT 90 ' {
FD 20 |
FD 20 , FD 120 “90, 100, 120."
RT 90 RT '90 ‘ J :
FD 80 FD 80 (This was 1aﬁer changed to 82.)
RT 90 ,. RT 90 |
FD 40 "Oh, I never went far enough."

‘At this point Laura. decided to go into Fhe editor Spd enter what she
had recorded in her notes éﬁd then work on the ]enqth bug that she was
awaré of in the last line above. She typed quick]}ﬁwith'the-]eft '
hanu, her righ; hand -on the book. The first 1ine, LHv90, was entered
as LT 9 0, which resulted in an error message. Lau:a quickly fixed
this. While entering the 11n¢§ above she skipped tyb lines mqfked
with asterisks and as a result had another bug to fir. Her response

was,,"Oh, yuck., It didn't work." Using the cursor jas a line marker

at the front of “each line and moving the cursor with <CONTROL> N,

2

~
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Laura played turtle with her right hand moving through the .air. When
the cufsor arrived on the first LT 40 line, Tfacy changed it to RT

40, left the editor and tested the procedure. She laughed and said,

"That wasn't the problem." She once again entered the editor and

moved through.the 1isting; this~time Qsing her péﬁci] to draw the X
turtie's path on paper. 'She changed the RT 40 back to LT 40 and then
removed the néxt LT 40 and tested. She reentered the editor, and
instead of adding in RT %0 where the LT 40 had been removed, she typed
FD 40, She agafn'tested and then.reentered the editor, addinglin alT
40, and again testing. - Laura and the listing were at this stage |
becoging cqnfused. She entered the editor once more, and using pencil
and papef she drew and followed the listing until §He came to the

first missing statement. ‘From here she 1gnored-evefyth1ng below,
inserting.new. lines as she drew. She waS'typfng w%th thevqgft hand

' . . . . 0
and drawing with the right. After entering the new lines she theny .,

e,
deieted everything below and tested again. Laura really didn't use
her notes to debug this section and in fact the omission also occurred
in her notes so they would not have been helpful if she had referred
to them. An error, RT 90 instead of RT 40, stii] existed at the end
of the observation. | | |

Iﬁ this sectibn‘of Léura‘s'wofk Qe see her extensive use of
immediate mode, use of notes, (albeit not too ac;urate]y), guesé and

check, observe and change, using error messages, playing turtle,
. - B )

drawing a diagram; and de]eting?a Section.
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Observation and Log Notes ITlustrating Student Interest

Observation Notes on Cindy .

Cindy was-an example of a very exuberant worker. She came for
bl nN . '

3

her sessions with a déiinifetask in mind and enjoyed explaining what

she was about to do. 'Hhe expf&ssed her pleasure throughout her work

Y

with such expressionsﬁﬁ
o Be)
A

, "0Oh, I did it. Goody!" (Claps hands.) "I

fectly!" "“Perfect! Now make little ears."

tf." Many of her comments are recorded here to

7 S
3 T
f%@%ﬁf]?'

[y

ma’t:hat took place as.she was busy debugging
her programﬁ%“g l |

"His eye is too big? How do I shorten it down?"

"Oh, 1 did it. Goody!" (Claps hands.)

"Now I can change this one.,"

"Now I'm going to put them (subprocedures) a]f together."

“Oh, yuck!”

"From there (points) I've éot to get over here. ‘I'm going to
“shorten that circle.”

"I did it |

"Now I'11 Took at the other one." (Model -or pattérn),"Repeat 12,
" that's what I did." -0 |
Cindy not only chatted about her work, but used é fair amount of
physical movement (playing turtle) to work out her turns and moges.‘
She also wofked on a very similar program at home on a different make

of computer. She brought computer books to show the researcher and
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talked about working on the computer with her mother. She was anxious
to learn more,

Thé following notes are taken ... the January 28 observation of
Cindy‘s work. Although she faced'maﬁy bugs'she was cheerful and

éxurberant throughout.

r

Cindy consults a book froﬁ the 1ibrary (Learning WithLogo by Dan
Watt) to get help on making a rectangTe.

“L've.got to stand up." Cindy takes two paces and turns left,
then sits again.

Cindy takes paper, gets up, walks, and records.

Cindy wants a rectangle but doesn't get it with REPEAT 4, which
gives her a square. She deletes the REPEAT 4, starts in immediate
que, and then gets uﬁ and turns, types, turns in her chair, types,
moves upper body, types, moves uppef body, and typés. She then types
<CONTROL> T so she can see the text séreen, and copies down the
conmands. She then enters the commands into the procedure. When
completed she says, "Perfect!- Now make little ears. The next program
will be called ears - EAR1 and EARSZ.T |

Observation—and Log Notes on Mark

Mark worked guickly, always ready with the next step. He was at
times a difficult programher to follow as he would jump from one
subprocedure to another as he was debugging. As he worked on his
Valentine's project hevmade an arrow through the Heart and began the
lettering. The following comments were recordeq as he worked., -

"I'm going to correct that turn.”

"I'm going to take the peh and 1ift it up."
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"Now I've got the arrow. Now I'm going to extend it, PENUP, come

over here and make it sort of look like it went into the heart.”

"Let's see if this works. (Tests.) It worked." (Very matter of
fact.) |

"What 1'm goiﬁg to éo is after | make this arrow ['m going to
print down here, (Points) WILL YOU BE MY VALENTINE." |

“Oh, no!" |

"That's more like 1t.“‘

"1 think I didvthis right."

"That should set that there. What is wrong?"

! forgot‘PENUP. That's when you 1ift the pen and if you don't

it leaves this streak behind."

"One thing I learned is SAVE it after you get a few things done:

because I was typing in this one program about three pages 1bng and
the power shorted and I lost the whole thing." (He saves.)

"rull screen adds the extra for lettering. My turtle is down

here'sdfyou won't be able to see it. Now W. I hate doing lettering.

Although he said he hated doing lettering, he did not show'that

attitude, but worked along in his cheerful, chatty way. He chose to
do 20 letters!

The following comments were made in the log notes of the
researcher about Mark. They give some insight into the approach and

attitude with which Mark works.,



January 24, 1985
Mark works quickly and with confidence. Mark's difficulty with
SETX, Y (-100), (-100) was worked out with littie sign of frustration.
Charts or a book would have been a useful reference.
January 31, 1985
Mark truly doés work quickly -- switching from one procedure to
another "-- and back - sometimes making adjustments to the
superprocedure and sometimes to the subprocedures. He was so flitty
and I was getting tired (last student before lunch) that [ really had
trouble following. He too said he was confused, but he doesn't take
time to stop and plan -- an idea flashes and he OpePthé on. impu.lse.
He also makes changes in more than one place at a time and then when
he tests it is hard to tell which change did what. Part way through
he changed his plan, deleted a whole section agd then started on LOVE.
. February 01, 1985

What do I say? Between jumping from one procedure to anbther,

editing without testing, making multiple changes, and the quickness of

Mark's work,lit is very difficult to. follow. I think that he’'could be
féntastic if he was not so u&disciplined in his approach,
February 07, P985

Confident Mark came invready to tackle a St. Patrick's design
today; Others are sti]]ndoing Valentine's but he has finished! He
chose to do a shamrock.

He was his usual quick\movjngféelf. He spent a fair bit of>t1me
juggling the three circles and was aware when he finished that it was

not balanced, but it was "good enough": His work certainly is not
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what you would call carefully thought out or well preplanned but
rather bui{t on impulse, He is never stuck for an idea, though.

After makiny the second circle he had difficulty locating a
suitable starting location for the third circle. He finally abandoned

,his moves, put the pen up,ﬁyent HOME and started out from there, (At
no time did he go back and delete the four unnecessary lines.)

After completing the th\(d circle he decided to adjust the stem
to his uneven leaf but in doing so he left it open at the bottom. His
stem is now more strangely made. He was pleased to have done a whole
project in one period and gugsses he will have to "do Easter now".

| February 08, 1985

Well, it was on to Easter! Mark decided to make an egg. He
experimented to make a hé]f circle, then partitioned the half circle |
and asked me if I knew how to make an egg. Following my negative
responses he set to work experimenting. He sure is a good logical
thinker -- not always organized -- and keeps a number of things in
ﬁind. He wi]lvexperiment in immediate mode, go into the editor and
transfer his results, never using pencil and paper and often making
further refinements. ' ‘

His attempt to make eggs was abandoned after one try when he
‘realized the SETY he had used in EGG spoiled EGGS. Instead he chose
to decorate his egg and started on a DEC prgcedure. )

Mark has his own disk. Sometimes he saves his work on the class
disks, but ﬁhose procedures he consi@ers spécia] he puts only on his
disk. "Other kids look at your programs on the c’'ass disks and

sometimes they copy them and call them theirs,"”

#



