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Abstract

This paper describes a novel approach to developiesign guidelines for educational software forlartan.

This approach involves the application of theortieesearch from the field of developmental psyagpland
practical techniques from human-computer interattio guide the design process. The aim of the suatyto
determine the extent to which Interaction Desigrhitéques support theories from developmental psgglydn

informing the design of new software systems fadmm. It was also intended to provide researcharsl

practitioners with a comparison to these two methothe study involved a thorough review of literaton

childhood development and learning as well as a sgely which integrated observations of and intams with

children. The study has shown the effectivenesadf of the data gathering approaches in the dewaént of
design guidelines based on the unique needs afrehil These two methods have proven to be comphnysim

a number of levels, with the literature review pdivg important high-level, all-purpose data anethser study
adding specific contextually rich detail. A combina approach which includes both methods, each thieir

specific strengths, was found to be successfulfaistatep in the design of software for children.
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INTRODUCTION

This paper describes the early design processemrtakdn in the development of a new resource fachieg
middle school aged children (aged between 10 angkdBs) computer programming concepts. Importattilg,
approach involves the application of theoreticaleegch and practical techniques to guide the dgmigress.
The development of design guidelines for a comppteigramming environment, which is developmentally
appropriate as well as engaging and meaningful,blegn based on a mixing of old and new theorieke— t
application of theories from developmental psychgl@and the use of techniques from the field of Homa
Computer Interaction (HCI).

The key lesson from the design process was thertanpee of utilizing research from the fields of depmental
psychology and HCI. There are many methods reseer@nd partitioners can employ to guide the desfgn
suitable technology for children, from participatodesign techniques to more traditional iterativesign
processes (for an overview see Druin, 2002), amtyubese, as well as drawing on a knowledge-baseldped
over the past 50 years in developmental psychol@sgy/been invaluable in the design process. By giingn
design in what is known about how children thinld dearn designers of technology for children arke ab
utilize a long tradition of well established guitkels. The application of Interaction Design techei which
involve the inclusion of children in the design gees to an understanding of children from a deveéopal
perspective is a powerful design strategy. The lopweent of the design guidelines for this new syste an
example of how this strategy can be successfutlyriporated into the design process.

The aims in this early design phase are centreth@mevelopment of suitable design guidelines wisizh be
effectively used in the development of a new progréng environment for children. Specifically, thaper
reports on the effectiveness of the design apptoHud approach was employed to:

» determine the extent to which Interaction Desigchigques support theories from developmental
psychology in informing the design of new softwaystems for children; and

e« compare the information — taking into consideratissues of depth, breadth, relevance and
applicability to software design — which can behga¢d from these two alternate methods.



This paper describes the process undertaken tevactiese two aims. Researchers initially complategview
of Developmental Psychology literature, with a atar emphasis on cognitive development. Resessche
interested in exploring the extent to which suckotietical knowledge can be used to guide the dpuetat
software environment for children. This review fesdiin the development of a number of design dinds.

In addition to a review of literature on childhoddvelopment and learning, a user study which inmaed
observations of and interviews with children wadentaken. The motivation for this user study wasfold. The
School of Information Technology and Electrical Ewgring at the University of Queensland curreatgducts
robot building and programming workshops for middlehool aged children. These students use a visual
programming language — ROBOLAB™ to program rob@asual observations of the students indicated that
there were shortcomings with current graphical progning systems and these observations cast douthteo
power of graphical languages as a suitable intri@udo programming. Subsequently, an objectivéhef user
study was to determine the effectiveness of the QDEB visual programming environment to teach clelar
basic programming concepts. Additionally, researchwere interested in exploring the types of infation
obtained in the user study in relation to the depelental psychology literature. Three questionateel to this
issue have been posed:

1. How does the level of detail (both breadth and ldepompare to that of obtained through a literature
survey?

2. Can these methods be used successfully togethees- tthe information gathered from one process
contradict the other, or are the processes comptamng?

3. How well do each of these data gathering meth@islate into design guidelines?

The researchers were also interested in observitdren as they use current graphical programmamgliages
in an effort to understand the strength and weaea®esf such languages and subsequently usinghfbrsnation

in the design of a new product. The user studyltexsin a number of design guidelines. A compariebthe

guidelines generated as a result of the literatevéew and of those that came out of the user shatdybeen
made. This comparison highlights the importanckath strategies in the design of products for chitd

BACKGROUND

Teaching children to program has been advocatechdyy in the past 20 years. Papert, in his landmenk
Mindstorms (Papert, 1980) recognized that computegramming as an educational activity had gre&miial
as a vehicle for the acquisition of useful cogeitakills such as problem solving and reflectivekhig. Other
researchers have also identified the importancallofving children to experience the unique dynamnl
programming properties of computers and in doinglkawing children to become creators, not juststoners,
of computing activities (Resnick et. al, 1996; K&994; Wyeth and Wyeth, 2001).

The overarching aim of this project — the creatibmn environment that allows middle school ageittodn to
become competent designers and creators of teahneléollows this philosophy. However, the develagmnof

a new graphical programming tool, which takes iotmsideration the unique requirements of childrgada
between 10 and 15 year, presents many challengjese Ts significant research currently being uradem that
explores the psychology of programming and the esponding implications for educational programming
environments (refer to Pane and Myers (2000) fiolaeview). It is becoming increasingly apparémat further
effort needs to be applied in the study of curezhicational programming environments and the devedmt of
new ones.

As research by Wyeth and Purchase (2003) has shoatching the programming environment to the specif
developmental needs allows children to become ¥mgblin meaningful programming experiences that they
would otherwise be unable to access. An importapeet of this matching process is a thorough utaledsg
of children from a developmental perspective (Wyatld Purchase, 2003). When considering the suttabil
programming environments for children it may bet thephical programming languages — with their aisu
representation of functions, their use of wiresdpresent the flow of control and a syntax whickn$orced by
simple wiring rules — are most appropriate for dtgh aged between 10 and 12. Indeed, graphicataroging
languages are recognised as important vehiclesighravhich novices can learn to program (Pane andr#y
2000). However, for older children, who are betibte to think logically and abstractly, textual gr@mming
language where all programming functions are regmtesl as text-based abstractions may be a more@ie
vehicle for investigating the concepts that form tbundations of computer programming.

In order to develop computing technologies thapsupthe natural interactions of people, it is reseey to draw
upon methodologies used to understand human gct®liservation of users is especially importanirduthe
early design stages of a product (Shneiderman, )19&searchers suggest that this observation @omes
closely follow the principles of ethnography. Bloenp (1995) describes ethnography as it relatesutoah-
computer interaction as the process of conducielg fesearch with the aim of developing understagsl of



everyday work practices and technologies in usefdigwing the core principles of ethnographic stugs
described in Bloomberg, 1995), researchers aretaldtudy activities in the natural settings in efhthey occur
and develop detailed descriptions of the work epee. However, whereas traditional ethnographamsdrse
themselves in cultures for long periods of time #doption of this technique by HCI practitionergenerally
limited to days or even hours of observations (8lerenan, 1998). Researchers from the field of Etiocaise
the term direct observation to distinguish natstaliobservation from experimental based obsemaivin
and Bushnell, 1980). During this initial stage loé fproject, this type of natural observation, tgkitace over a
number of days, is most effective for capturing thieractions of children as they interact with #asting
programming language.

An open-ended questionnaire and a focus group lese utilised as part of the user study. Questioemare a
well established technique within the field of Hfor collecting users’ opinions (Preece et. al, 200khe
guestionnaire in this user study is open-ended iasdierived from user observations and is focysadicularly
on eliciting general (not specific) responses tesfions about the programming process. Focus groaps
provide a good forum for eliciting user requirenseas they are good at gaining multiple points efw{Preece
et. al, 2002). This user study utilises this teghrito provide participants with the opportunityofgenly express
their opinions and provide suggestions in relatmthe design of the new programming environment.

DEVELOPMENTAL PSYCHOLOGY RESEARCH

This section is a summary of the literature reviendertaken as the first part of this research ptojéhe
literature review itself was extensive and the tinfation represented here is a high level overviéthe key
elements of that review. In particular, the foomsthe literature review is on cognitive developiresit the way
children understand new concepts and ideas ttkalyiso learning to computer program.

Adolescents have particular cognitive needs. Whexy begin their adolescence they are only abletzave
and mentally operate on objects they have diremtperienced. Only as they progress are they aee gibkp
abstract concepts. An understanding of cognitiveeldgment in adolescence is an important consiiberdt
developing systems to support learning to progréthile the execution of a program can be tangile, t
program itself consists of abstract symbols maaijng abstract structures. The following secticmsew some
theories of cognitive development in adolescents.

Children within this age group are moving from ®tage of cognitive development to another. The geun
children (aged 10 to 12) would generally be atagetreferred to by Piaget as concrete operatioesk(B004,
Peterson 2004). Although these children can unaietstoncrete problems, Piaget would argue thatchapot
yet perform on abstract problems, and that thegataconsider all of the logically possible outcoméssthe age
of approximately 11 or 12 children move from thiage to the formal operations stage and are capdble
thinking logically and abstractly (Berk 2004, Pstar 2004). They can also reason theoretically.

Prominent in cognitive development theory are Riagstages of development. Two stages that are most
applicable to this project are Concrete Operatamd Formal Operations (Berk 2004, Peterson 2004peP
uses the term operation to describe logical tho(aiiman and Snowman 1993). Children aged betwseesn
and eleven are said to be in the Concrete Opegasitage. In this stage, they are capable of logipatations,
but they solve problems by generalising from plalsfconcrete) examples (Beilman and Snowman 1998y
are not able to mentally manipulate conditions smlthey have previously experienced those condit{Bee
and Boyd 2002). Children in this stage are not ablenagine permutations that are impossible oy theve
never experienced (Peterson 2004). Around the gkwen, children enter the Formal Operationsestagpey
develop a capacity for abstract and scientifickimg which has not been fully evident prior to thige. This is
the ability to set up and test hypotheses. Thekwmough tests and hypotheses in a systematic Mainérney
and Mclnerney 1998). More importantly they are dbldo this without physically having to test edgfpothesis
(Marton and Booth 1997).

While is it is possible to observe and measureettsages in children and children seem to be unable
comprehend certain constructs until they've mastezarlier constructs, Piaget's theories underegtintiae
abilities of children (Winch 1998, Peterson 200%he change between Concrete and Formal operatgons i
progressive in nature as opposed to distinct chheteeen one stage and the next (Winch 1998). i elhile to

do formal manipulations in one area may not yebke to act in a formal way in another area. Childat
different ages can display actions belonging tq diferent stages (Marton and Booth 1997). Mosipe in

the Formal Operations stage, new to a concept, temeed concrete examples or metaphors to unddrgie
concept (Mclnerney and Mclnerney 1998). Physicalmrcrete tests and examples are still importahtilding

an understanding of new material. They serve tofosie the validity of the thinking behind and pide a
concrete understanding of new theses (Clement#/aiillen 1996).

Piaget’s theorised that knowledge is constructednbividuals through their actions and interactiovith the
world, through accommodation (the individual's stae adjusts to the environment) and assimilation



(environment is adjusted to suit the individuakthema) (Berk 2004, Peterson 2004). A person’s kedgé of
the world is based on what happens to them. Frdfygatskian perspective, cognitive development t®acept
of cultural transmission (Moll, 1990). Children aog knowledge from their peers, parents and mentemrors
are corrected and extensions to their knowledgeftieeed. Learners are able achieve beyond theialuéties
with assistance from a more capable person (MamohBooth 1997, Mclnerney and Mclnerney 1998).

Cognitive development, according to Vygotski, ia e Zone of Proximal Development (ZDP). This zane
defined as the distance between what the learmevkm@and new knowledge (Stuyf 2002, Moll 1990).sltan
area between what people can do by themselves &ad tvey can achieve with competent assistance, a
mediator.

To place learning in the ZDP an appropriate levéddficulty needs to be established.
This level ... must be challenging but not tooidiff. The educator then needs to
provide for assisted performance. ... The adult glesiguided practice to the child. ...
As with scaffolding around a building, it is gradiyaremoved so that the child can
perform the task independently.

(Mclnerney and Mclnerney, 2002, p46)

While the mediator is more often than not anothesen, it could also be a system of tools the Eaisusing.
Scaffolds provide the learner assistance to woykba their ability. They simplify tasks by providjrdirection,
support for thinking and modelling expectationsuggt2002; Jackson et al., 1998). The gradual reahof/the
support scaffold is also an important part of th@arning process, enabling the child to work onaskt
independently (Jackson et al., 1998).

Design Implications

From the literature survey it is clear that the afjghe student is a key factor in determining wisadble to be
understood, learnt and practiced. Younger studeeéxl more concrete examples and methods to leavn ne
skills, but they are able to learn complex and ralostskills beyond their abilities through the uwdenediators
like scaffolds.

According to Piagetian theories, students in thgetaage range are generally moving from concrperaiions
to formal operations. They're more comfortable witthcrete methods of problem solving, and are qusy
being to be able to solve problems without conceat@mples. Vygotskian theories maintain that tlaener is
capable of solving more abstract problems, progdire learner has support. This support can cortteeifiorm
of mediators, scaffolds and examples.

Based on this literature survey, researchers hawpoped 4 key design guidelines. The new progragmin
environment should:

« have the flexibility to support younger studentsibgluding concrete examples and exercises, while
challenging older students to grasp more abst@awdtoucts;

< allow younger students to manipulate virtual takegiibjects;

e provide a flexible support mechanism for all leaspenvhich assists in enabling them to fit more
complex ideas into their existing knowledge schemand

e ensure that support provided fades as studentiergergrows.

These high level design guidelines will be usednform the design of the new programming environmen
While they don't provide specific details on whhbald and shouldn’t be included in such an envireninthey
do highlight the importance of building a systemttallows for three particular types of activities:

« direct manipulation activities which provide dirdeedback and support the needs of younger children
as they learn basic system functionality allowingn to gain confidence and mastery;

e instruction-based activities which allow older dnén the option of quick and efficient interactitin
build computer programs; and

e conversation style activities which provide useithwhe opportunity to act as partners in convéosat
with the computer — a two-way communication chanmkich provides users with advice and help
facilities.

Identifying these modes of interaction is importanthe early design stage. Once a set of possiblgs of
interacting with a system has been identified fiassible to think about interface design solutions



USER STUDY

The user study was conducted to identify the sttengand weaknesses of a currently used graphical
programming environment in teaching middle schogéda children (aged between 10 and 15) to become
successful computer programmers. Researchers \gerenterested in evaluating the data collectetigint of

the design guidelines developed as a result ofitérature review. The researchers have used thétseof the
user study to develop a set of design guidelinegchwiwill inform the design of the new programming
environment. Based on this study, researcherslswealle to make comparisons between the datargditifrom

a theoretical base and that collected during d Saldy.

In order to gain an understanding of the progrargntancepts children learn, this study has beerethrain
sections:

e observing and collecting data of participants paogmning robots to complete set tasks;
e asking students to reflect on their programmingeeigmces; and

« a focus group to gain insight into what these sttglevould like most in new programming
environment.

The study consisted of 24 secondary school stud€éhese students, all boys, were completing thegiosd year
of secondary school. They were approximately 14syet&d. All of these students were enrolled in botics
subject at their school. Enrolment in this subjeas an important prerequisite for the user studghasnaterial
covered provided the students with some prior égpee with both ROBOLAB (approx 15 lessons) anahgisi
LEGO® to build robots. While the participating schoolsiaco-educational institution, only boys had datbin
this robotics subject.

The students worked in eight self-selected groupkthese groups had between two and four memberadst
of the study. Due to changes in student numbersaandw activity focus, students were regrouped foto
groups of five for the final session.

User Study Methodology

The first step in the User Study was to conducgtaited, in situ observation of children as theyggam LEGO
robots. During this initial investigation the resd®er gathered data as students programmed robbis. study
was performed using the existing ROBOLAB graphitaiguage which is currently supported by LEGO
Mindstorms™. The data collected was in the fornwoften anecdotal records.

The study was conducted at the student's schoehdtconducted during class time, with the permissif the
students' regular teacher. The observation of thgramming process is focused particularly on Hosvstudents
design and put programs together and what progragisiructures (if any) they use. Observations of an
common interface errors made or difficulties end¢ered were also noted. Participants' questions aese/ered
as they arose by prompting with questions to eragmirthe student's discovery of their own solutibimese
questions and the results of the discovered salsiticere noted with the observations.

In total the user study comprised seven, 70 misaessions held over a four week period. These welteih
place of the usual robotics lessons the boys wdwslde attended. During the first six of these sessio
participants were involved in programming a preldudbot. The final session was divided into tworBkute
sessions and involved students answering reflegtimstions and brainstorming ideas as part of asfgooup.

Programming Observation Sessions

The first session was a review session, where ttigests worked through the worksheet introducireptho
ROBOLAB. The following five sessions involved obgeg children as they completed programming tatke
students were asked to record their programminggsses, programs and resultant robot behaviour in
workbooks provided for the study. Observations weken of the students' using of the programming
environment.

Reflection Questions

The final session was divided into two parts. &tigi students were asked to write responses totignsson how
they programmed, why they used particular programgnaionstructs, and how they went about correctimg a
errors. There were three questions that requiretiteen response. These were asked in the firsnBtites of
the final session.

1. Describe the process you use to program.

2. Explain why you used the icons (programming elesjettiat you did. For example: Why use sub-
routines? Why use loops?



3. Describe the process you used to overcome prohiatimshe program.
Focus Group

During the second part of this final session theigipants were re-grouped into four groups of fstedents and
asked to brainstorm the following question: "If yeere to build a new robot programming environmeuitat

features would it contain?" This session in thelgtasked the students to brainstorm for ideas andepts that
they would include in a new ideal robot programmémyironment. This session was held at the endeostudy
so that the students were able to use their expmrseprogramming the robot to focus their suggestio

User Study Results

The observations, questionnaire and focus groupigied researchers with rich information on the sis#rthe
ROBOLAB visual programming environment. The resdfsm the user study have been distilled below to
provide the reader with an insight into the keyliing of the study.

Programming Sessions

The user study showed that students were largddytahunderstand the syntax of the ROBOLAB programgm
environment. This was evident from the childrerdlity to create simple programs for their robotfie most
difficult syntactic knowledge required for succegsprogramming using ROBOLAB is the placement and
connection of the icons. Most students were welk db successfully build working programs basedtlua
process. In addition, participants were observedsieg fragments of code through the effectiveiaatilon of
sub-routines. The primary syntactic problem obsgnas that of “bad wires” and is the result of imeat
connection of two icons. This is largely an integfassue as the icons are small and the conngmbioits on the
icons are very close together. Frequently noviagymmmers inadvertently connect one terminal ofi¢bha to
the other on the same icon and the wire is hidaeleneath the icon.

Importantly, the observations of children’s prognaimg activities also illustrated the key difficel§ that
children had. The processes of systematic debuggmd) planning within the programming process are
considered high-order programming activity (Ohls4®95, Marton and Booth 1997). Interestingly, thesre
only limited examples of students becoming involtreduch activities. The user study also showet] thhile
participants were able to test and debug progrtrisslargely involved the simple correction of veduand fixing
problems caused by the interface. While studente able to find and correct problems in their pewgs, they
were not observed involved in systematic debuggirggesses such as breaking a problem down intdesmal
components and testing these, isolating problemsa methodically outlining a list of potenti#eanatives or
solutions. Initial code solutions were generallgdxhon an assumed similar problem the studentsdwdved in
the past. The students then built upon the irstiddition for all subsequent and familiar lookinglplems. If the
initial solution is incompatible with the currentgblem students tended to “hack” solutions (in neestes an
additive process) rather than discarding the inétssumption.

During the five programming sessions only one grofiphildren were observed actively planning progmang
solutions before moving to a computer to enterpifigyram. Despite three students working on papst; finost
students had implicitly planned their solutions"bglecting icons necessary for the program". Thist'in time"
approach to solving the programming problems wistuelents grabbed the necessary icon to solve tkie ne
section of the path became problematic when stademre involved in solving more complicated the
programming tasks.

Reflection Questions

On the last day of the user study, participantsewasked to answer three questions on their progignm
activities and experiences. The students’ respargesutlined here.

When asked to describe the process they used gwapnothe robot eleven students answered this gquebti
indicating that they used a process of trial angreror "grabbing” icons they knew would make tlodat
perform particular actions. They would form a peogr test the program and replace icons and adjlsew if
necessary. Four students stated they largely ugedbstines of the previous tasks, with two stugefiming to
cut and paste from previously written programs.eehstudents claimed to have worked solutions oytager
first.

Participants were then asked to explain the ugmdicular icons and other control structures. Fmmr students
stated that they used the icons that they thoughé \going to produce a particular behaviour. Sestadents
stated they used sub-routines because they felthtbause of these structures made programs sijgasier to
understand and used fewer icons. One student danoeelty as his driving force for using sub-roesn Four
students stated they didn't use loops or otherrprogontrol structures because they didn't undeisttaem or
know how to use them.



The final reflection question asked students tocdies the processes they used to over come diifisul A
majority of students (15 of the 20 students ashedicated that they used an ad hoc trial and etetnugging
process, guessing at what was wrong and changimgsthntil the program worked. The remaining stusldelt
that they methodically worked through the progranfirid the problem and correct it. One student algicated
that there was a need for outside assistance oa sooasions.

Focus Group

During the focus group participants were askedffer suggestions on the best way to program rolzotd, what
would aid them in doing this. The students wer@nganised into four groups for this session. Theugs
recorded ideas on large sheets of paper. Initiggestions to initiate the discussion were voice hagtic
controlled robots. The supervising teacher helpeebkthe boys on task. The data has been influemgdie
preceding programming sessions.

The data from the focus groups has been brokerthinée groups:
e Programming
* the Interface
e  Programming Assistance

From a programming perspective students requestael éasier to program than "C". They indicated thay
wanted better control structures, programs to b fleliant on jumps or gotos and easier ways @ternd view
groupings of icons. They added to this last pointmphasising that making new icons from groupstbér
icons would make programs smaller and easier tenstahd.

The students also provided ideas about interfageawements. Most of their suggestions revolved mdotine
use of icons as programming elements. Studentsedanbre information on icons and felt that iconsusth be
self-explanatory, or show pop-ups describing thaictionality. They wanted better graphics and waymake

or modify existing graphics and create their owonig In addition to the icons, students also wairtgmtoved
methods of connecting icons. They offered suggestion the layout of icons and how this would create
programs. Many students also indicated that theytedathe ability to use text in the creation ofgreoms. Their
suggestions included typing keywords and typintninat you want and it produces the icons”.

All of the students indicated that they would aggaton some form of programming assistance. Thgstant
would have three primary capabilities.

1. Finding errors

Students requested an environment that highligintsas they are made, provides examples of how to
fix errors, and supports their programming effdngsshowing how the program could be better.

2. The provision of tutorials and examples

Students wanted examples and tutorials that retatélte types of programming activities in whickyh
were involved. They requested that these exam@eaddsely related to the programs functionalitye Th
desired system would be able to get some undeigtanéithe type of program that is being writterdan
provide appropriate support in the form of siméaamples and relevant suggestions.

3. A simulation environment for code execution

The requested simulator has at least two functishewing the results of the program before it is
downloaded to the robot, and support for code mgitStudents indicated that they wanted the alidity
test small sections of code, visual program watkibjhs and a description of how the program would
work. The second function of the simulator was pigidg code or icons. The students liked the idea of
this simulation being a place where they could cbhgexample through moving a mouse around the
screen in order to produce code.

Design Implications

The User Study has provided researchers with at gleal of information which can be used to guide th
development of a new visual programming environm@fitile much of the information could be relatedsioall
interface issues, the User Study also identifieat key areas that should be the focus of designteff

1. Connection methods and layout that parallel theeetgtions of the programmer

A new programming environment should use a graplmtarface which allows students to snap blocks
together as a means of connecting code elemermtsinglvarious restrictions and allowances on the
manipulation of these graphical elements will supgood programming practise and reduce potential



errors. Users of the system will also be alloweduse the keyboard to select, add and position
programming elements.

2. Ability to create new programming elements

The flexibility to customise the graphic elemenyschanging the graphical face of the element tlecef
how users interpret that element's behaviour shdaddincluded into a new visual programming
environment. Users should be able to edit the &ddalocks as a mean of describing new user defined
functions.

3. Support in finding and correcting semantic problems

Users will be provided with tutorials and exercisesupport their programming efforts. This support
will focus on allowing users the opportunity to iBaproduce semantically correct code. Given that
novice programmers appreciate immediate feedbduk,new programming environment will also
include the capability of using test harnessesaterk by the environment) to view the execution of
particular code statements. Such a test suiteadw programmers to find semantic problems with
sections of code as the results of the executiamalll sections of a program will be made visible.

4. Provision of programming scaffolds

A new programming environment should provide vagyilevels of support through scaffolding,
including an initial tutorial with example problenagd exercises. In addition, the environment will
include a simple artificial expert programming Iigence which prompts the programmer with Socratic
style questions based on descriptions of the pnololgtlined by the programmer.

These guidelines will support the development efiew programming environment by providing an impe
interface, more flexible programming execution andortant support mechanisms.

DISCUSSION

The interesting outcome of this study from a HurGamputer Interaction perspective is the evaluatibtwo
different approaches to understanding user regeinégsnTable 1 provides a summary of the guideljse®rated
by both the literature survey and the user studexploring the extent to Interaction Design teghes support
theories from developmental psychology in informihg design of new software systems for childrbis, table
clearly highlights the additional information theem study adds to the developmentally-based guoieliThe
guidelines generated by the literature survey amengeneral and provide information of the types of
interactions that would be most suitable. The &tedy provided a greater depth of information, veigiecific
details on how this interaction might be implemenigithin the context of creating a new programming
environment.

The notion of context is an important differentiab@tween these two approaches to understandingetas of
users. The guidelines generated by the literatwiew could be applicable across are range of dmnéideed,

it is this generality that could be highlightedaastrength of these guidelines. The guidelineswleaé generated
as a result of the User Study where more specifinature. They relate to how children can build poter
programs more effectively using software that has improved user interface and additional support
mechanisms. These specifics will play a key rolthédevelopment of the new programming environment

It is interesting to note the match between gundslideveloped as a result of the literature redgiegvthose that
resulted from the User Study. For each of thesdsiaesessment approaches four key guidelines waezajed.
As highlighted in Table 1, three of the four guides developed using the data from the literatelate to all of
the User Study guidelines. For example, where iteeature outlined the importance of providing ygan
students with concrete examples and allowing offledents a space for more challenging activities,dser
Study found that younger children needed more &teupport in improving their knowledge of prognaimg
semantics while more experienced programmers wesken@ for the flexibility to create new programming
elements.

The literature review produced a guideline that wasidentified through the User Study. This guitel- to
ensure that support provided fades as student iexgergrows — is important in the context of leagniAs the
User Study primarily focussed on programmingw (and not at any time in the future), perhaps it is
understandable that this type of fading scaffold wat identified. While all students indicated ttiegy needed
more support for their programming activities, tlidgt not explore the idea of whether they would ifmeed
should) need such support as they gained progragnexiperience. There is also an interesting terisgivween

the best educational solution and the best “gettiegcoding done” solution. While a fading scaffdda useful
educational mechanism, it could be argued by psafaal programmers that any intelligent supporwjated by

a software environment would be useful for both tlowice and experienced programmer. Improvements to



professional programming environments, in suppgrtdebugging processes and the structuring of code,
highlight this point. However, for the purposesdsveloping areducationalprogramming environment, the
gradual reduction of support is important.

Developmental Psychology Guidelines User Study Guetines

Have the flexibility to support younger studentsitgluding | Support in finding and correcting semantic problems
concrete examples and exercises, while challengidgr

students to grasp more abstract constructs. Ability to create new programming elements.

Allow younger students to manipulate virtual tamgib Connection methods and layout that parallel theeetgtions
objects. of the programmer

Provide a flexible support mechanism for all leasnevhich | Provision of programming scaffolds.
assists in enabling them to fit more complex ide&s their
existing knowledge schemata.

Ensure that support provided fades as student iexper
grows.

Table 1: A comparison of data gathering technidnéke production of software design guidelines.

FUTURE WORK

Further research is being conducted into the ugaeoRobolLab visual programming language by bottidiei
school aged boys and girls. While research condutedate provides a good understanding of the virays
which boys interact with the programming environtersearchers are continuing to gather data whitth
offer further insights based on observations ohlmale and female participants.

In the coming year, project researchers will begork on design and development of a fading scaffahich
supports the programming efforts of children witttie target age group. This system aims to proefdielren
with a helpful two-way communication channel whiehables them to better understand the complexifies
computing programming. Children will continue to d@art of the design process, as both informantagl the
design and testers of system prototypes.

CONCLUSION

This paper reported on two alternate approacheflising theoretically-based literature and condhgta field
study — to developing software design guidelinese Quidelines generated show the importance of both
approaches in the design process. While the literaeview was effective for producing general gliites, the
addition of contextual information from the Useu®t provided important guidelines which will beliggd in

the design of the new programming environment. dVerlap of the guidelines, with general developrakyt
based guidelines mapping directly to context-rialidglines, demonstrates that these two approactes a
complimentary and can be successfully used togettter addition developmentally-based guidelinestiates

the importance of understanding children from a ettgwmental perspective when designing educational
software. Research from the field of developmepsgthology may provide design information that doubt be
gathered during a field study.

This research study has shown the effectivenessadi of the data gathering methods in the developofe
design guidelines. They have proven to be compliargron a number of levels — one approach provige®ral
data and other adds specific contextual detailhBaoe important in the successful design of softwimr
children. In the newly emerging field of Interacti®esign and Children this study represents a ipesitep
towards understanding how to design technologyghpports the unique needs of children.
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