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ABSTRACT

The purpose of this study was to investigate the probl~'m-solving strategies of

students as they attempted to find a solution to a technological problem. Ten

Grade 7 students. who had received no prior technology education instruction.

were formed into single-sex dyads and provided with a design brief from which

they designed and made a technological solution. The natural talk between the

subjects was transcribed. A description of their designing-in-action was added

to the transcript. Actions were coded using an emplrically derived scheme

grounded in both a general problem-solvlng model and theoretical models of

the design process. Segments coded as designlng were analyzed uslng

descriptive statistlcs. This analysls provlded the data for mapping. that is.

visually representing. the design IJrocess used by subjects.

Results showed that novice designers do not design ln the way descrlbed ln

textbooks. Their strategy ts not IInear but hlghly Iterative. Subjects developed

thelr ideas using three-dimensional materials rather than two-dimensional

sketches. They were unllkely to generate several possible solutions prier to

modelllng. but developed solutions serlally. The act of modelllng stimulated the

generatlon of additional Ideas. Evaluation occurred repeatedly throughout their

deslgning.
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RÉSUMÉ

Le but de cette étude est d'examiner les stratégies de résolution de

problèmes utilisées par les élèves pour élucider un problème technique. Dix

élèves de grade sept, sans éducation technologique préalable. ont été groupés

en paires de même sexe et assignés une description de problème pour lequel

ils devaient trouver une solution technique. Les discussions spontanées des

subjets furent transcrites. Une description des étapes de leur cheminement

technique y fut ajoutée. Les conduites furent codées selon un schéma

empirique basé à la fois sur un modèle de résolution de problèmes de type

général et des modèles d'organigrammes d'organisation théoriques. Des

segments rattachés au cheminement technique furent analysés en utilsant la

statistique descriptive. Cette analyse a servi à faire une représentation visuelle

des démarches techniques utilisées par les sujets.

Les résultats semblent Indiquer que les novices ne suivent pas le

cheminement décrit dans les manuels. Leur stratégie n'est pas linéaire mals

très répétitive. Les sujets ont développé leurs idées à l'aide de représentations

tri-dimensionnelles plutôt qu'à l'aide de schémas bi-dimensionnels.

Contrairement à ce que le modèle théorique suggère, Ils n'ont pas développé

des solutions possibles avant de commencer le processes technique, mals Ils

ont développé de:; solutions par à-coup. L'acte de production de modèles a

stimulé la génération de nouvelles idées. Ils ont été évalué tout au long de leur

cheminement technique.
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CHAPTER 1: INTRODUCTION

"Theory surely leads ta practice. But practice alsa leads ta theory.

And teachlng. at its best. shapes bath research and practice. "

(Boyer. 1990. p. 16)

This study derives from the observation of the researcher that untutored

Grade 7 students appear ta have tacit knowledge of how to problem solve ln a

technological context. Left to their own devices ln an environment rlch in three­

dimensional materials they frequently design a solution to a problem ln unique

and creative ways. However, the strategies students use appear to confllct wilh

design process models descrlbed ln technology education textbooks and

currlcula. To date, IIllle research has investigated the actual practice of

untutored designers to conflrm or deny emplrlcally the existence of thls

apparent confllct. Yetthe dlscovery of a confllot between theoretlcal models

belng taughtto students and thelr taclt strategies would have Important

Implications for the teachlng and learnlng of design.

Chlldrens' experlence of designlng uslng materlals beglns ln their earllest

years before school. Thelr play wlth toys or the objects around them - wooden

blacks, empty boxes. textiles - Is used imaglnatively to slmulate the adult world.

Witness the Ingenulty of chlldrens' sand casties on the beach. tree houses,

skate board ramps. ail examples of designing and rnaklng ln action (Breckon.

1995). Oullerslde (1993) has observed the emergence of design ablllty ln a

three year old chlld. She concludes that "It Is evldent that chlldren enter formai

schoollng wilh a weailh of knowledge and experience relatlng to design ...

whlch should be utlllzed and bulit upon by the teacher" (p. 49).

1



•

•

•

Itls reasonable to suppose, therefore, that by the tlme students enter

secondary schoollng they have a very slgnificant fund of experlence wlth

deslgnlng, thatls, working from problem to solution. The steps they follow to

achieve a solution, however, do not appear to conform, either in number or ln

sequence, to those described in textbooks. Some of the elements of the

"correct" process are omilled by students. Others are very evident but are not

used ln the sequence as described. Hence, the formalteaching of deslgnlng

appears to confllct wlth the taclt strategies students brlng wlth them to the

technology classroom. Accordlng to Oullerslde (1993) "children ... use the

process and process skills [of deslgnlng] unknowlngly. We should try to raise

childrens' awareness of these process skills ... in order to enable them to see

and understand, what and how, they are thlnking" (p. 49).

Research Questions

The purpose of thls study was to Investlgate the design strategies of students

untutored in technology education as they allempted to find a solution to a

technological problem. The study was founded on the general question: What

design process do Grade 7 students, who have recelved no prlor Instruction,

use to solve a technologlcal problem? This general question led to the

following four research questions whlch have gulded this study:

1. Whlch steps contalned in theoretlcal models of the design process are

present ln students' strategies?

This question was investlgated by provldlng subJeets wlth a technological

problem to solve. The subjects' actions and task talk (the naturally occurrlng

conversation) while designlng were audio and video taped. A protocol

contalnlng subjects' task talk while deslgning, a description of their deslgnlng-

2
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in-action. and the duration of each dlscrete action was coded. Codlng was

Informed both by the task talk and responses glven during a seml-structured

retrospective Interview. Descriptive statlstlcs were used to summarize and

analyse the percentage of time spent by each dyad on each of the flve steps of

designlng Investlgated ln this study.

2. What design process do Grade 7 students. working in slngle-sex dyads.

use to solve a technologlcal problem?

To investigate this question the design process for each dyad was "mapped"

using an XV scattergraph. with codes shown on the vertical axis and the tlme

spent on each code plotted along the horizontal axis.

3. In what sequence do students employ steps of the design process?

This question was investigated by recodlng and remapplng the data used for

Questions 1 and 2. Indivldual codes were grouped into the five steps found ln

theoretical models of the design process. This new data set was then mapped

uslng an XV scattergraph.

4. How do the strategies used by students dlfler from those ln theoretlcal

models of the design process?

This question was investlgated by vlsually comparing a map of the subjects'

strategy wlth a map of the theoretlcal design process.

Technology Educatlon's Place ln the Curriculum

Education about uslng tools to fashion materials to make useful objects Is

surely as old as humans. Vet only ln recent years has technology education.

Involvlng both deslgnlng and maklng. become an Integral part of general

education. As Donnelly (1992) has noted "technology as a component of the

secondary curriculum Is still ln the process of creation" (p. 123). Therefore.

3
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unlike established subjects such as mathematics and science, there is IIltle

accumulated knowledge about what students should leam and aboutteachers'

understandings of how it may best be taught (Donnelly, 1992; Kelly, Kimbell,

Palterson, Saxton, & Stables, 1987; Oison, 1996; Siraj-Slatchford, 1993).

However, since technology education is increasingly a mandatory subject for ail

students from kindergarten to the end of secondary education (Department for

Education, 1995; Ministry of Education & Training, 1995; UNESCO, 1983) there

is an expanding need for research findings to support curriculum developmen!.

Curricula are dynamic entities constantiy evolving in response to changing

needs, as envlsioned by the society and the educational community in which

they operate. There is currentiy an ever-widening agreementthat citizens of the

21 st Century will need skills and capabilities significantiy different from those

taught in the pas!. These new skilis include the ability for creative thinking and

problem solving, the motivation to be a IIfe-long leamer, and the values and

social skills to participata fully in a society whose composition, structure and

needs are constantly changing (Department of Education & Science, 1989;

Ministry of Education & Training, 1995; Premier's Councll, 1990).

Concomitantiy, much has been wrllten about how technology education can

contribute to and Implement these broad aims (Department for Education, 1992;

Donnelly, 1992; Ministry of Education & Training, 1995). Accounts tend to focus

on the economic benefits to the GNP of a technologically IIterate populace, the

educational value to the Indlvidual, and the need for a citizenry which can both

make Informed decisions about the use of technology and survive in an

Increaslngly technological world (McCormick, 1992; Medway, 1989).

The goals contained in current technology education currlcula reflect these

broad alms of education. An examlnation of curricula from the United States

4
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(Illinois, 1983; Indiana, 1985; New Jersey, 1987). Brltain (Department for

Education, 1995; Schools Council Modular Courses ln Technology, 1982),

Ontario. (Ministry of Education & Training. 1995) and Quebec (Ministère de

l'Éducation, 1983) provldes a IIst of common goals. These include: (a) sklIIs to

cape with, live and work in a technological society; (b) understandlng the impact

of technology on the individual, society and culture; (c) the use of tools and

materials; and (d) the ability to design practlcal solutions to problems.

Current research (Resnick & Klopfer, 1989) urges educators to offer learnlng

experiences beyond what Whitehead (1929) referred to as "inert knowledge".

Technologyeducatlon provides students with opportunities to apply knowledge.

to generate and construct meaning. It fosters the kind of cognition that

combines declarative knowledge. that is, the what, with procedural knowledge,

that Is, the how (Anderson, 1982; Wasserstein, 1995). As Kimbeli, Stables,

Wheeler. Wosniak and Kelly (1991) point out "there lis] general agreement on

certain basic tenets of [technology education]. It is an active study, involvlng the

purooseful pursult of a~ to some form of resolution that results ln

Imorovement (for someone) in the made world" (p. 17). And as Breckon (1995)

reiterates "technology [education] provides that excellent method of learning ­

learning through dolng" (p. 11).

The "doing" ln technology education involves designlng and maklng using a

design process. As Barlex (1995) observes "[design] has huge value in

preparlng young people to understand and communlcate sophlstlcated Ideas,

and to turn those ideas Into real. useful thlngs" (p. 12). Further, the design

process is fundamentally a learning process (Outterslde. 1993; Rowland, 1993):

"By engaglng ln design the [student] discovers what he or she does not know

about a problem and its solution. Filling that gap Is a learning process"

5
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(Rowland, 1993, p. 85).

Deslgnlng: The Essence of Technologlcal Actlvlty

Technology has been defined in a number of ways (Department for

Education, 1995; Down, 1989; McGinn, 1978; Mltcham, 1978). Widelyaccepted

amongst technology educators is a definitlon which recognizes that the essence

of technology lies in the ability to shape the made world in ways which we

choose and which will enhance the quality of Iife (Assessment of Performance

Unit, 1981; Department of Education & Science, 1989; Nuffield Design and

Technology, 1994a). Technology educators further recognlze that at the heart

of technological aetivity lies a problem-solving process using a heurlstic

referred to as the design process.

Most technology education curricula and textbooks provide a "map" of this

process showing a pathway through Its apparently dlscrete stages. But just how

accurate are such maps when compared to elther what expert designers do in

practlce or novice designers, that is, untutored students, do when allowed to

use thelr taclt knowledge?

A number of authors have descrlbed maps of the design process used by

expert designers (Cross, 1994; Jones, 1970a; Lawson, 1990). Lawson (1990)

observes, however, that "these maps tend to be both theoretlcal and

prescriptlve. They ... have been derived more by thinking about design than by

... observlng it" (p. 29). There Is Iittle evidence to support the idea that these

maps descrlbe what expert designers actually do (Akln, 1978; Darke, 1979;

Eastman, 1970: Lawson, 1990).

Simllarly, doubt Is being cast on the efflcacy of design process models

contalned ln much of the technology education IIterature. There currently exlsts

6
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only a small corpus 01 empirical lindings about children as designers. either at

the elementary level (Johnsey. 1995a. 1995b; Outterside. 1993: Roden. 1995).

or at the secondary level (Kimbell. Stables. Wheeler. Wosniak. & Kelly. 1991).

The studies at the secondary level. however. were conducted in lurisdictions

where students receive technology education Irom Grade 1. Studies 01

secondary students in those jurisdictions which do not. or did not until very

recently. provide technology education at the elementary level have not been

carried out. Polya's (1973) remark in the context 01 mathematics education

seems germane: "A better understanding 01 the ... operations typlcally uselul in

solvlng problems could exert sorne good influences on teachlng" (p. 130).

Theoretlcal Framework for the Study

A typlcal lorm 01 design process comprises a "characteristic ... sequence 01

actions" (Hayes. 1989. p. 3): Identilying needs and opportunities. understanding

and detailing the problem. generating possible solutions. building a solution.

and evaluating a solution (Barlex. Read. Fair. & Baker. 1991: Department 01

Education & Science. 1987: Department lor Education. 1992). Akln (1986) has

demonstrated how thls process shares many propertles with a general problem­

solvlng model used ln the resolution 01 iII-structured problems (Reltman. 1965:

Simon, 1973). that is. the luzzy problems that are Irequently encountered ln real

lile.

III-structured problem solving has been Investigated uslng protocol analysls

(Ericsson & Simon. 1984; Hayes. 1989: Hayes & Flower. 1980). A protocol

provldes "a description 01 activltles. ordered in tlme. whlch a subject &ngages ln

while performing a task" (Hayes & Flower. 1980. p. 4). Thus vlewing designlng

as a partlcular lorm 01 problem solvlng allows lor the adoption 01 protocol

7
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analysis as a research methodology in this study. It also allows the

development of a coding scheme to reflectthe problem-solving nature of

designing as described in design process models and human problem solving

liIerature (Glaser & Strauss, 1967; Miles & Huberman, 1994; Strauss, 1987;

Tesch, 1990). Coded protocols subsequently provide the data for mapping the

design process used by untutored designers in this study.

Summary

Technology education as part of general education is a comparalively recent

innovation. Unlil quite recently few examples of practlce and even fewer of

research data were avallable to support and guide curriculum developmenl.

Technology educators recognize thatthe essence of technology is problem

solvlng to meet human needs. The process of problem solving uses a heuristlc

referred to as the "design process".

The purpose of the present study is to Investigate and understand students'

pre-instrucllonal design strategies. In the emerglng field of technology

educallon such an understanding will add to the empirical basis for the ongoing

development of currlcula and classroom materials.

The IIterature related to the theorellcal framework for this study, that Is,

problem types. the nature of design and deslgning. and models of the design

process. will be revlewed in Chapter 2. Chapter 3 will describe the

methodology of the study. includlng the selecllon of subJects, the procedures for

data collecllon, and the method of data analysis. Chapter 4 will report the data

obtalned and the results of the analysis. Flnally. in Chapter 5. the results of the

analysis and some impllcallons for the teaching of technology will be dlscussed.

and recommendallons for further research will be presented.

8
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CHAPTER 2: REVIEW OF L1TERATURE

"The natural world may or may not have been designed; that.

ultimately. is a question of faith. Everything else in the world

however. has been designed; that is a statement of fact."

(David Brown. no date)

As technology education has come to promlnence durlng the last three

decades. much debate has focussed on the nature of technologlcal actlvity, the

essence of the activity, and how It may best be taught to students. The latest

version of the National Curriculum for Design and Technology ln England and

Wales, for example, states "puplis should be taught to develop thelr design and

technology capability through combining thelr deslgnlng and ma!<ing skllls wlth

knowledge and understanding ln order to design and make products"

(Department for Education, 1995, p. 2).

Deslgnlng (and its attendant making) is now recognized to Ile at the heart of

technologyeducation. Yet the ways in which studants design and how thls may

best be taught Is only now beglnning to be understood. How do students, that

Is, novice designers, go about designing? If, as Cross (1990) clalms, "design

abllity Is a form of natural Intelligence, of the kind that the psychologlst Howard

Gardner (1983) has identlfled" (p. 134), then how can a student's design ablllty

best be developed?

This chapter will revlew the literature ln four areas of current research whlch

contribute to the theoretical framework of the study:

1. Definitions of the term "technology", with partlcular emphasls on those

whlch have contributed to the current focus of technology education as

9
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designing and making.

2. A description of problem types.

3. The nature of design and designing as a particular form of problem

solving.

4. Models of the design process, including a detailed analysis of those

which have had the greatest influence on the current lorm of designing and

making in technology education.

The chapter will end with a summary 01 these four areas 01 research.

What Is Technology?

ln order to effectlvely educate chlldren in and through technology, Indeed to

understand technology education, it is first necessary to clarily what is meant by

the term "technology". Unfortunately, as Hansen and Froelich (1994) point out,

whlle "phllosophers, anthropologists, sociologists. historlans, and teacher

educators continue to study [the term technology] a widely accepted definition

remains obscure" (p. 179). Donnelly (1992), for example, identified ten different

definitlons in the British technology education Iiterature alone.

This difficulty undoubtedly arises from the complex nature and purposes 01

technology. Even the term itsell, derived Irom the Greek "techne". meanlng "art"

and "logis" meaning "treatment 01" is not universally accepted as the most

approprlate to describe what was once known as the "useful arts". Fores and

Rey (1986) propose that the German word "technik" is a more accurate term to

describe "the lunctloning of ... man-made [.s!,QJ things and the methods used in

their :nanufacture" (p. 37).

Adding to the widespread difflculties of definition are two confusions

perpetuated both by the popular media and numerous wrlters. First, media use
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of the term in advertislng and everyday reporting has many believing that

technology is computers, cars, high-fidelity audio equipment, space rockets and

the Iike; that Is. the artefacts with which we are surrounded.

The second confusion equates technology with "applied science". There are

numerous difficulties wlth this view, which Sparkes (1993) describes ln the

following way. Flrst. the goals of science and the goals of technology are qulte

different. The goal of science Is the pursuit of knowledge, olten for ils own sake.

The goal of technology. by contrast, Is to create successful artefacts and

systems to meet peoples' needs and wants. Secondly. the key processes ln

science and technology are qulte dlfferent. In science the two key procesees

are experimentation and theory creation. In technology design, invention and

the production of artefacts and systems are key. Thlrdly, science progresses by

the process of reductionism, the search for disti~lct and irreducibie concepts.

Technology, on the other hand, Is hollstlc. requlrlng a process of "puttlng It ail

together" in order to design successful artefacts. Fourth, science, in ils pursuit of

objectivity. excludes as far as possible ail subjective descriptions of events.

Maklng value judgments is, however. an Inherent part of deslgnlng artefacts

and therefore always a part of technology. Fllth, because of their dlfferent goals,

science and technology engage ln dlfferent kinds of research. In science

"research" usually means the search for new knowledge and understand!ng;

new data and for causal explanatlons of them. In technology the search Is for

the princlples underlying better processes, or for better ways of maklng or dolng

things. Finally, there is the simple Issue of historical sequence. There Is ample

evidence to show that technology preceded science by many thousands of

years. The hlstory of technology provldes many examples of technologlcal

innovations for which the science was unknown at the tlme. However, while ln

11



• the past new technology was based on accumulated experience and

knowledge, today it is often based on underlying scientilic principles. Today,

technology and science are partners. Technology makes much use of science,

and science makes much use of technology in achieving their respective goals.

Unlortunately. even some contemporary writers continue to perpetuate this

erroneous view 01 technology as applied science. In the recently published

Report of the Royal Commission on Learning: For the Love of Learning

(Queen's Printer, 1994) technology was defined as "the application of the

problem-solving and reasoning strategies [students] acquire in mathematlcs,

science, and language to concrete problems" (p. 47). Obviously in the view of

the Ministry the bow-and-arrow and the steam engine are not examples of

technology, for both of these were existent long before the underlying

mathematical or scientific principles were understood by their makers. Thus, as

• Custer (1995) points out "at both the popular and academic levels there is a

need for solid conceptual examination 01 the seemingly lamiliar term

technology' (p. 219).

Hansen and Froelich (1994) analyze definitions of technology from a variety

01 perspectives: an historical viewpoint traces technology's evolution as a

discipline: an anthropological view describes technology as a social

phenomenon that is an intrinsic part 01 human culture: a sociologlcal viewpoint

examines the effects of technology and the causes of technological change: a

phllosophical viewpoint is epistemological, asklng questions about the

knowledge associated wlth technology: and finally, an educational perspective

vlews technology as a discipline whose essence is the "ability to do".

McGinn (1978) characterizes (rather than defines) technology as a form of

human activlty that Is "fabricatlve, materlal product-maklng or object-• 12
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transforming. purposive (with the general purpose of expanding the humanly

possible). knowledge based. resource employing. methodical. embedded ln a

sociocultural-environmental influence field. and informed by ils praclitioners'

mental sets" (p. 190).

Milcham (1980). in an altempl to elaborale a typolc>gy based on funclional

distinctions. describes a four-dimensional framework for conceplualizing the

lerm. This includes technology as: (a) artefacl (Ioois and manufactured objecls).

(b) knowledge (scienlific. engineering. uniquely technological "how 10"

knowledge. as weli as insighl from the social and physical sciences). (c)

process (problem-solving. research and development. invention. and

innovalion). and (d) volition (ethics. lechnology as social construction. and

lechnology as a social force).

While each of Ihese definltlons conlributes 10 an understanding of Ihe nature

and scope of technology care must be exercised by those charged wllh the

development of technology education curricula and classroom materials not to

focus on any one element to the exclusion of the remainder. For example. past

technology education curricula have focussed on the hardware and knowledge

components. This is insufficient. for il results in a curriculum that must change

as the tools. techniques and materials of technology change. For example.

technology defined as artefact only Is a restricted definition. for several reasons.

First. the hardware does not exist in isolation; it requires what Kline (1986)

refers to as "socio-technlcal systems of use" (p. 2). He provldes the example of

an airplane. a piece of technological hardware which by llself is no use. It

requires the infrastructure of an airport. which in turn requires systems and

people to make it function. Hence whIle Il Is true to say that an artefact is the

product of technology. to define technology ln this way neglects both the human

13



• dimensions and the impact 01 technology on humans. This is what Franklin

(1990) is relerring to when she delines technology as "practlce" and talks about

the ·prescriptive technologies". Finally, defining technology as hardware

necessitates a constant redelinition of the term. As the products of technoiogy

change so therefore does the definition. This Is unsatlslactory.

Technology defined as know-how or knowledge (specifically, knowledge

about the use of tools and materials to produce artefacts) Is equally Inadequate,

lor It ignores the use to which the technology is put. Yet as Archer (1992) has

descrlbed, technology is a delinlng characteristlc 01 humans and their attempts

to control the envlronment. And as Henchey (1987) has pointed out "we miss

the significance of the role 01 technology in our society if we think 01 technology

in terms of tools, machines and techniques" (p. 42).

What is required by technology educators Is a delinition which reflects the

• unchanglng essence of ail technologlcal activity. In other words, what is the

commonality 01 ail technologies over time?

An early consensus amongst technology educators defined technology "to

be a purposeful activity aimed at meeting needs or satisfying desires through

the production of artefacts or systems and drawing on knowledge, skills and

personal quallties" (Medway, 1989, p. 4). One of the earilest and most

influentlal operational definitions was proposed by Harrison and Nicholson

(1980), who defined technology as "a discipilned process whlch uses sclentlfic,

materlal and human resources to achieve human purpose: the problem solving

actlvity of design Is at the heart of the technological process" (p. 5). This idea

that technology has as its focus the satisfaction of human needs and wants

through the design and making of products is reiterated in r"!cent curriculum

proposais from Scotland: "Technology Is a distinct form of creative activlty ln

• 14
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which human beings interact with thelr environment to brlng about change in

response to needs and wants" (Scottish Consultative Council on the

Curriculum, 1994, p. 3).

The 1993 recommendatlons for the UK National Curriculum for Design and

Technology (National Curriculum Council, 1993) defined technology as "the

creative application of knowledge, sklIIs and understanding to design and make

good quality products" (p. 3). In May 1994, in an attempt to c1arily the many

interpretatlons by teachers of this statement, the draft proposais for the National

Curriculum (subsequently passed Into leglslatlon ln January. 1995) moved

away from a pure deflnltion of the term and toward an operationallzed version,

which read: "Design and technology caoablllty (emphasls added) requires

pupils to combine thelr deslgnlng and maklng skllls wlth knowledge and

understandlng, ln order to design and make produets" (School Curriculum and

Assessment Authorlty, 1994, p. III). This notion of capablllty was discussed by

Black and Harrison as early as 1985, when they wrote "capablllty ... caUs

simultaneously for both action-based quallties and the resources of knowledge,

skllls and experlence ... [It Is the] Interaction between the process of innovative

actlvity [designing] and the resourcesbeing called upon [which Is] the key

element of successful ... capablllty" (p. 5-6).

This concept of capablllty has been welcomed by teachers, for as Barlex has

written for the Nuffield Design and Technology Profeet (1994b) "[It] avolds the

trap of [continually] trying to deflne ... technology" (p. 1). AddltionaUy, It

emphasizes the "distinction between the resources for capablllty - technlcal

knowledge and understandlng, design strategies, and maklng skllls, and the

ablllty to use those resources ln deslgnlng and maklng" (p. 1).

The notion of moving away from attempts at a pure deflnltlon of technology to
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one of capabllity has important implications for this study. If the aim of

technology education is to provide opportunities for students to become

technologically capable, and if one of the resources for capabllity is a familiarlty

wilh design strategies which the student may use as approprlate, then il might

be useful for curriculum developers and teachers to gain an understanding of

the tacit knowledge of designing that students bring wilh them to the technology

classroom. For, as Ausubel. Novak, and Hanesian (1978) have written, "the

most important single factor influenclng learning is what the learner already

knows. Ascertain this and teach ... accordingly" (p. 163).

Problem Types

Bringing about change in the made world requires the designing and making

of artefacts. This is a form of problem solving, ailhough as Rowiand (1993)

correctly points out, whlle "deslgning involves problem solvlng, [not) ail problem

solvlng is ... designing" (p. 82).

A person is confronted wilh a problem when he or she wants somethlng and

does not know immediately what series of actions can be pertormed to obtain il

(Newell & Simon, 1972). Hayes (1989) writes that "whenever there is a gap

between where vou are now and where Vou want to be, and Vou don't know

how to find a way to cross that gap, vou have a problem" (p. xil). Reitman

(1965) stated that "a system has a problem when it has or has been given a

description of something but does not yet have anything that satisfies the

description" (p. 126).

Simon (1973) distlnguishes between well-struetured problems, such as

puzzles or arilhmetlc word problems, and iII-structured problems, the fuzzy

problems that are frequently encountered in reallife. Well-structured probiems
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malnly requlre for their resolution the Information contalned ln the problem

statement and perhaps other Information stored ln long-term memory, Includlng

procedural knowledge such as knowledge of an algorlthm. III-structured

problams are characterized by the fact that the Information requlred to solve the

problem is not entirely provided ln the task Instructions (Breuleux, undated).

Thelr resolutlon requlres a subJect to rely more extenslvely on resources of

long-term memory or to go to external sources for additional Information.

Reltman (1965) defined an III-structured problem as one whlch required the

resolutlon of a large number of open constraints. Reitman used the term "open

constralnt" to refer to "one or more parameters the values of whlch are left

unspeclfled as the problem is glven to the problem-solvlng system" (p. 144).

Technologlcal problems are rarely well-structured. They are more

approprlately descrlbed as III-structured. III-structured problems lack a clear

formulation, requlre the resolutlon of a large number of open constralnts, have

no one "correct" solution, and lack criteria for the evaluation of solutions. In

partlcular, design problems can rarely be fully speclfled, thelr goalls usually

speclfled incompletely, and they Include many more variables and are therefore

Innately more complex than well-structured problems.

Varlous authors (Jones, 1970b: Rowland, 1993; Schën, 1983) argue that the

problems wlth whlch designers work are so complex, Involve so many

variables, and are so uncertain that the designer must treat each design as a

unique case, not a recurrlng event.

Reltman (1965), however, moves beyond the notion of a dlchotomy of

problems and suggests a continuum "which ranges from well-deflned formai

problems on the one hand to ... lII-defined problems ... on the other" (p. 151).

The notion of a continuum Is usefullf one conslders that the category (or point
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on a continuum) in which a given problem falls obviously depends in part on the

problem solver. A problem may be well-structured for the expert problem solver

who possesses the requisite knowledge and has practised the relevant

problem-solving procedures. Alternatively, it may fall in one of the other

categories for one who has insufficlent experience or training in solving

problems of that type.

This role of the problem solver Is dlscussed by Simon (1973), who argued

that many problems flrst represented as III-structured problems become well­

structured in the hands of tha problem solver. Accordlng to Simon (1973)

"much problem solving effort Is dlrected at structuring problems, and only a

fraction of It at solvlng problems once they are structured" (p. 187). Thus Simon

Is introduclng the idea that Initlally iII-structured problems become weil­

structured durlng the solution process.

Accordlng to Rowland (1993) "[in] designlng, problem understandlng and

problem solvlng may be simultaneous or sequentlal processes" (p. 84).

Robinson (1986) argues that understandlng of a design problem Is developed

through efforts to solve the problem. As both Cross (1994) and Lawson (1990)

observed, the problem and the solution are developed ln parallel; one does not

follow loglcally from the other, so the process Is thus both dynamlc and

unpredictable.

Thus vlewlng deslgnlng as a dynamlc form of problem solvlng permlts the

use (for the analycls of data in thls study) of procedures, such as protocol

analysls. that have been demonstrated to be approprlate ln the investigation of

problem solvlng (Ericsson & Simon, 1984).
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The Nature of Design and Deslgnlng

The term "design" is widely used as both a noun and a verb. As a noun it has

two meanlngs: First. the actual form of an existlng obJect, as ln "one of our most

popular designs ...". and as an appellation to help sell a trendy or fashionable

item, for example. "our designer sunglasses" (Cross. 1990). Second. as a noun

it is equally commonly understood to mean a drawlng or plan of an artefact.

This vlew of "a design" as a drawing or plan may derive from the fact that most

of the theoretlcal models of the process of design are based on the practlce of

professionais. who do indeed generate a design which is then passed on (in

the form of drawlngs) to others responsible for its manufacture (Johnsey, 1995b;

Jones, 1970b; Lawson, 1990). According to Cross (1990) "the most essential

thing that any designer does is to provlde. for those who will make the artefact. a

description of what that artefact should be IIke" (p. 128).

As a verb "design" is taken to mean the actual production of a plan for an

artefact yet to exist (e.g.• "students will design and make ..."). This certalnly

refiects the reallty of the classroom. In which the student is requlred to act as

both the designer and the manufacturer. Johnsey (1995b) uses the term in thls

broader sense, definlng It "to mean both preparing to make a product and the

maklng and testlng that often follows" (p. 199).

Many authors have attempted to define both the purposes of design and the

nature of the process. A central theme amongst authors wriling about the

purposes of design and designing is that It Is concerned with change; "the

activity of designing is ... a goal-dlrected activity and normally a goal-directed

problem-solving actlvlty" (Archer. 1970. p. 286). Simon (1969) thinks of

designlng as "changing existlng situations Into preferred ones" (p. 55). Jones

(1970b). glvlng what he regards to be a "unlversal and ultlmate definitlon of
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design" (p. 3), says its purpose is "to Initiate change in man-made [~ things"

(p. 4). Cross (1979) relnforces the human dimension of the activity by stating

that "designing Is decision-making at the interface between technology and

society" (p. 171). The Design Council's Primary Education Working Group

(1987) takes a broader view when they clalm that "design is the way ln which

we try to shape our environment" (Section 3.3, no page). This view is echoed

by Archer (1979) who wrote" design ... [may bel defined as the area of human

experience, skl/l and understanding that reflects mans' [sic] concern wlth the

appreclatlon and adaptlon of his surroundings in the Iight of hls material and

spiritual needs" (p. 20). The Design Councll (no date) remind us thl1t "design

actlvity does not operate in a vacuum, and nelther can it be taught or studied in

one. Every design declsion reflects social values and economic prlorlties" (no

page).

There appears to be a wldespread agreement amongst design theorlsts that

designlng results in the conception and production of new artefacts or systems

with practlcal utllity (Archer,1970; Cross, 1982; Rowland, 1993). Vet Rowland

(1993) Identifies that the process is not one of simply problem solving, but also

of probiem findlng: "Design is a disciplined Inqulry engaged ln for the purpose

of creatlng some new thing of practical utllity. It involves exploring an III-defined

situation, flnding - as weil as solving· a problem, and specifying ways to effect

change" (p. 80). As the Assessment of Performance Unit (1981) concluded

"designlng is a procass of recognlzing a need and matchlng avallable means

wlth a deslred end" (p. 4).

One way of understandlng more about deslgnlng Is to trace or "map" a

pathway through the process. The design methodology and technology

education IIterature contains many such maps, and the next section of thls
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chapter examines those contained in a number of technology education

textbooks. They are discussed chronologically to show the evolution of

thinking.

Models of the Design Process

According to Jones (1970a) "ail [models of the design process] are attempts

to make public the hitherto private thlnking of designers. to externalize the

design process" (p. 3). This Is nearly always accomplished by a diagram

showing the steps in the process and the relationships between them.

According to Siraj-Blatchford (1993) "provlding a slmplified model of the

process of design whlch teachers may adopt heuristicaliy provides for the

student what Bruner (1986) has termed scaffolding" (p. 22). Vygotsky (1986)

refers to thls period when the teacher does for the student what they are not yet

able to do for themselves as the "zone of proximal development" (p. xxxv), the

gap between what an Individual can do alone and unaided. and what can be

achleved wilh the help of more knowledgeable others (Bennett. 1992). For as

Schën (1987) has pointed out. one of the difficultles for the novice designer is

that:

Oesignlng Is a holistlc sklll [which] one must grasp ... as a whole in order

to grasp it at ali. Therefore one cannot learn il ln a molecular way. by

learnlng tirst to carry out smaller units of actlvity and then to string those

units together in a whole design process; for the pleces tend to Interact

wlth one another and to derlve thelr meanlngs ... from the whole process

ln whlch they are embedded ... [Nevertheless]. it Is true ... that design

processes may be broken into component parts by strategies of

decomposltlon useful both to practice and to coachlng. (p. 158-159)
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The Ilterature describing design process models is based primarily on

experts' opinions. on their thlnking about design. rather than on systematic

investigation or experimentally observlng il (Lawson, 1990; Rowland. 1993).

This Ilterature. on the whoie, shares a view of designing as a deterministic.

essentlally rational and logical process. a set of procedures ta be followed.

However. il is not c1ear that designers aclually operale as Ihis lIteralure

suggests. A few studies of expert designers engaged in the act of deslgning

have been carrled out (Akin. 1978; Cross. 1982; Darke. 1979; Eastman. 1970;

Schôn, 1983) and. as a consequence. empirical descriptions and models of the

design process have been developed. Recent studies of novice designers at

the elementary level (Johnsey, 1995a; Outterside. 1993; Roden. 1995), at the

secondary level (Kimbell, Stables. Wheeler, Wosnlak. & Kelly, 1991), and at the

university level (Elmer. 1996) are beginning ta provide insight into their

strategies.

A number of early publications ln technology education (Baynes. 1976;

Eggleston. 1976; Harahan, 1978) simply described projects suitable for

Inclusion ln a course without describing the process by whlch a student moved

between problem and solution.

Research by the Assessment of Performance Unit (1981) identified activity in

technology education as a "summation of skills. knowledge and values" (p. 2).

An impllcil model of a design process was contained ln a description of the

skills componen!:

The skills ... used in design and technology actlvity are distinctive and

can be grouped into four categories; investigation (recognize existence

of a problem). Invention (develop and express Ideas), Implementation

(use tools and materlals), and evaluation (make ludgments about the
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efficacy of a solution). (p. 4)

Figure 1 contains a summary of the steps described ln twelve design process

models to be found in the technology education IIterature over a period of 24

years. The modeis are presented chronologically, starting at the left. The

earliest. dated 1968, represents one of the first attempts to broaden the

technology curriculum from one focussing entirely on the acquisition of craft

skills to one which would "develop not only motor sklils and craftsmanship, but

also many Intellectual qualilies that hltherto have been associated mainly with

other subject areas" (Eggleston. Pemberton. & Taberner, 1968, p. 2).

Each column ln Figure 1 describes one model, and uses the original

language as far as possible. Identical or nearly identical steps have been

allgned horizontally to iIIustrate the slmilarlties in the models. As will be

discussed in Chapter 3 of this study, thls allgnment permitted the development

of a characterlstic "sequence of actions" (Hayes, 1989, p. 3) which was later

used to develop a coding scheme for data analysls. Il should be noted however

that not ail of the models Iisted were presented by thelr authors as IInear. As

will be described later in this chapter, sorne were represented ln the form of a

loop, sorne as a clrcle, and sorne were Impllcltln the text of the document.

One of the earliest attempts to Introduce designing into what had been up to

that lime skills-based courses was developed at the University of Keele as the

Rasearch and Development Project ln Handlcraft (Eggleston, Pemberton, &

Taberner, 1968). Whlle it did not provlde a diagrammalic map of the process, a

"flexible procedure", containlng five steps. was described:

1. A clear statement of the problem.

2. Analysls of the problem using headlngs such as function, materlals,
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• construction. cost. tools. finish and appearance.

3. Analysis of the problem by sketching or other suitable means.

4. Presentation of the solution to the problem by sketches or scaled

model.

5. Realisation of the design. perhaps incorporating minor modifications.

(p. 11)

The project later became known as the Schools Councli Research and

Development Project ln Design and Craft Education (1974). and thelr first

publication. Design for Today (1974). included one of the earliest maps of a

design process for use with secondary school students (Figure 2).
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Figure 2. An early model of a design process for secondary schools (Schools

Council Design and Craft Education Project. 1974. p. 2)
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Numerous maps depicting a Iinear design process in simple algorithmic

problem-solving terms were subsequently published (Dodd. 1978: Engineering

Council, 1985; Schools Council, 1982: Scottish Technical Education Modules,

1981; Shaw & Reeve. 1978: Williams & Jinks, 1985). Shaw and Reeve (1978)

described a "developmental sequence of four related areas of activity" (p. 7)

(Figure 3).

." VI:a
." m STAGE! STAGE 2 STAGE3 STAGE 4 VIC
:a VI on
go~

r-n
PROBLEM PROPOSAL REALISATION TEST Cm

r-"» -1 VI

ll! ::! IDENTIFICATION OF SOLUTIONS OF DESIGN IEVALUATION -VI
0"

0 AND DEFINITION Zc
Z r-

Figure 3. A typicaillnear design process (Shaw & Reeve. 1978. p. 7)

Williams and Jinks (1985) describe designing as "a journey" (p. 37) and use

a "design IIne" (p. 37) to separate the journey into a number of stages: problem

need, first Ideas. chosen idea, making, and testing and evaluation. They note,

however, that "at the end of our journey ... it may be necessary to 'back track' to

make modifications and, occasionally, we have to start ail over agaln from the

original problem" (p. 38). Burton (1986) advocated a IInear approach since it "is

loglcal and systematic ... and can be broken down into a developmental

sequence consisting of a number of related areas of activlty" (p. 241).

These IInear models went through a considerable amount of development.

Many authors recognized the Iterative nature of the activity and so added any

number of feedback loops to the basic outilne. Barlex. Read, Fair, and Baker
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(1991) describe the steps in a "design strip" (p. 3). but note that it "is not a

straight jacket to be slavishly and Iinearly followed" (p. 3). Sellwood (1991)

presents a design process consisting 01 a complex ligure-ol-eight shape.

comprising two distinctive stages: (a) the thinking-sharing and interactive

stages. and (b) the making and doing stages. However. the accompanying text

describes a clear linear route through the modal.

Kelly. Kimbell. Patterson. Saxton. and Stables (1987) idenlily two problems

with describlng il design process as a set of stages to be lollowed in a Iinear

way. The first lies in atterTIpts to identify "appropriate activities lor each stage"

(p. 16). As the authors point out. the activities of sketching or modelling or

recording results may each be appropriate during a number 01 stages. A

second difficulty Iles in the interdependency of the activities. As Kelly et al.

(1987) point out "[when] a pupil chooses to use 'modelling' as an aid to

generation and development ... ideas that emerge must be evaluated Instantly

for the idea to develop [and] the developing idea may require a new IIne of

investigation to see how useful it might be" (p. 16). Lawson (1990) identifies a

further problem, when he demonstrates that there is no natural end to a design

process. Frequently it is time or cost which terminate design activity.

The next generation of design process models described the activity as an

open-ended toop (Department of Education and Science. 1987; Midland

Examinlng Group, 1988). While these models remain Iinear (Figure 4) there

was an increasing acknowledgement that "designlng seldom proceeds by way

of a series of clearly recognisable stages to a neat solution" (Department 01

Education & Science, 1987, p. 9).

These models have been helpful guides to the sorts 01 actlvitles that need to

occur ln Design and Technology classrooms. However, they have also

27



• imposed IImits by prescribing "stages" of the process that need to be "done" by

students. As the UK Department of Education and Science noted in 1987:

Used unsympathetically, the approach can reveai a greater concern for

"doing" ail the stages of the process than for comblning a growing range

of capabilitles in a way which reflects individual creatlvity and confident·

and effective working methods. (p. 11)
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Figure 4. A design loop (Department of Education & Science, 1987, p. 10)
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• Yet at the same time teachers recognized the need for a model that

iIIustrated "the activities which play a part (emphasis added) in moving from the

recognition of an area offering scope for activity to the completion of an end

product" (Department of Education and Science, 1987, p. 9). It Is also

noteworthy that the loop ends with an arrow head pointlng to a dashed arrow.

This suggests that the process never really ends, but is brought to a conclusion

which satisfies a set of requirements at that moment ln lime (what Simon, 1969.

refers to as "satisficing").

The next development further closed the loop and showed that the elements

were more Interactive (Figure 5).

del.lling Il
sotulion

evaluaUon

del.lllng Il
ptoblem

obser\ting • conleal

•

•
Figure 5. An interactive design loop (Secondary Examlnations Council, 1986,

p.10)
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• In a guide for teachers of General Certificate of Education courses in Craft,

Design and Technology (Secondary Examinatlons Council. 1986) a process,

descrlbed as "the design loop". is shown in the form of a closed circle with

stages of the process dlstributed around the clrcumference, to provide "a visual

guide to a generalised design procedure" (p. 9). HowGver. as the guide

cautions "it does not follow that students have to mechanically work thelr way

around it ... There may weil have to be a great deai of jumping about across and

around the loop" (p. 9).

This model more closely reflects the ideas of Lawson (1990) who wrote that

"the map of the design process must allow for an Infinite number of retum loops"

(p. 27). And Baynes (1992) reminds us that "the processes involved ln

deslgnlng are not Iinear•... and they do not always proceed in an orderly way.

They are relteratlve. spiralling back on themselves. proceeding by Incrementai

• change and occaslonal flashes of insight" (p. 1).

A qulte diHerent model of designing has resulted from research by the

Assessment of Performance Unit. set up wlthin the UK Department of Education

and Science ln 1975 to "promote the development of methods of assesslng and

monitoring the achlevement of children at school" (Kelly, Klmbell, Patterson.

Saxton. & Stables, 1987, p. 1), and later "to analyse the constituent parts of the

[design] actlvlty [In order to] make It possible to teach and assess It" (Klmbell,

Stables, Wheeler, Wosnlak, & Kelly, 1991. p. 19). Flrst described as the

"Interaction between thought and action" (Kelly et al.. 1987, p. 14) and later as

the "Interaction between mind and hand" (Kimbell et al.. 1991, p. 20), the model

"reJect[s] the idea of descrlblng the [design] actlvlty ln terms of the products that

result from It. and Instead concentrate[s] on the thinklng and decision-maklng

processes that result in these products" (Klmbell et al .• 1991, p. 20).• 30



• The essence of thls model (Figure 6) is that ideas conceived in the mlnd

need ta be expressed in concrete form before they can be examined ta see how

useful they are. In other words, "the inter-relationship between modelling ideas

in the mind, and modelling ideas in reality is the cornerstone of capabllity in ...

technology" (Kimbell et al.. p. 21).

Yet as Johnsey (1995b) suggests "the model is essentially linear and

(purposely) vague about what might be happening at any point in the process"

(p. 207), reminding us of Lawson's (1990) observation tha!, in attemptlng ta

describe how designers design, "there is not a great deal of action ta be seen ...

it is what goes on ln the designer's mind which r9ally matters" (p. 24).
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Figure 6. The crucial interaction of mind and hand (Kimbell et al. 1991, p. 20)
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Summary

This chapter has revlewed the Iiterature in four areas of research pertinent to

this study. First, the essence of technological activity was shown to lie in the

process of bringing about change ln the made world to meet human needs.

This process is referred to as the design process. Discussion emphaslzed that

a central aim for technology educalion Is the development of capability: that is,

the ability to design and make an artefact in response to a need. If teaching and

learnlng are to become more effective then teachers and curriculum planners

requlre a more complete understandlng of the tacit design strategies that

students bring with them to the classroom.

Second, designing was shown to be a particular form of problem solving,

involving findlng a solulion to an iII-structured problem. Vlewing deslgning in

thls way permits the adoption of a research methodology approprlate to the

invesligalion of problem solvlng.

Third, use of the term "design" as both a noun and a verb was discussed.

This discussion emphasized that in the context of technology education the term

embraces both the conception and manufacture of a solution to a problem.

Fourth, a historlcal survey of design process models contained in technology

educalion Iiterature provided both an Insight Into their evolulion and the

theorelical framework for the present study. The survey showed how the early

models. which advocated a IInear approach to designlng, have given way to

models which idenlify a series of process skills which may be used Iteratlvely.

The analysls of these models permitted the Idenlification of a set of generic

steps whlch formed the basis of a coding scheme used ln the analysis of data.

The next chapter will descrlbe the methodology used for both the collection

and analysls of data.
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CHAPTER 3: METHODOLOGY

This research investigated the problem solving strategies of students as they

allempted to find a solution to a technological problem. The central proposition

of this study is that design process models USEld in Technology Education may

confllct with the intuitive strategies students bring to the classroom.

The study is a naturallstic inquiry involving inductive data analysis (Lincoln &

Guba, 1985). Naturalistic inquiry requires the researcher to enter the social

world of those being studied. observe, and allemptto understand what it is Iike

to be a member of that world (Biddle & Anderson, 1986).

Much naturallstic inquiry involves case studles. A case study is the intensive

investigation of a single object of social inquiry (Stake, 1978). The researcher

is immersed in the dynamics of a single social entity and able to uncover events

otten otherwise missed. It is otton a process of discovery rather than one of

uslng methods that impose themselves upon the situation (Biddle & Anderson,

1986)

Inductive data analysis in case study research consists of "examining,

categorlzing, tabulating, or otherwise recombining the evidence to address the

initial propositions of [the] study" (Yin, 1989, p. 105). Evidence for case studies

may come from a variety of sources (Yin, 1989). The evldence "may be

interviews, observations, documents, unobtrusive measures, non-verbal eues,

or any other qualitative or quantitative information pools" (Lincoln & Guba,

1985. p. 202).

ln lhis study direct observation of, and retrospective interviews with, multiple

cases provided the data for subsequent analysis. Ten subjects were formed

Into single-sex dyads and provlded with a problem statement from which they
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developed a technological solution. The researcher observed and videotaped

the subjects' actions. The natural talk between the subjects was recorded ane"

transcrlbed verbatim. The researcher subsequently conducted and transcribec

a semi-structured interview with each dyad as they watched the videotape of

themselves during thelr problem solvlng session.

Transcripts of the natural talk were segmented into speech bursts. A

description of the subjects' actions was added to the right of each segment. The

tlme at which a change in the subjects' actions occurred was added to the left of

each segment. thus allowing calculatlon of the duration of each perlod of action.

A coding scheme reflecting the problem-solvlng nature of designing was

developed and used to code actions of the subjects. The natural talk while

problem solving and responses made during the seml-structured interview were

used to inform the coding. Those actions coded as designing were analysed

using descriptive statlstles. This analysis subsequently provided the data for

mapping of subjects' design strategies.

The Selection of a Research Settlng and Subjects

Selection of the Settlng

The selection of a school site and subjects was a three-step process: (a)

application to a school board for permission to conduct the study, (b) the

selection of a school. and (c) the identification of subjects.

Application to conduct the study in a school was made to a large suburban

school board in the Toronto reglon. Ali external research requests to the Board

are first reviewed by the Research Screening Committee. Such requests are

made ln a standardized format provlded by the committee (Appendix A).
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Following approval by the commlttee Indlvldual principals are contacted and

Informed that thelr school has been suggested for an approved study.

Principals agree to participate ln the study on an entlrely voluntary basls.

Having recelved permission from the Research Screening Committee to

conduct the study, the researcher was requested to meet wlth the coordlnator of

Technologlcal Education for the Board, who acted as an Intermedlary between

the researcher and the principal of a senior elementary (Grades 7 and 8)

school. The researcher subsequentiy met wlth the principal, at whlch tlme the

purpose and administration of the study were described ln greater detall.

At the time of this study the school had a population of 518 senior elementary

students (192 Grade 7, 153 Grade 8, and 16 Special Education). It is located ln

a new suburb contalnlng mlddle to high-Income parents from a varlety of ethnie

backgrounds.

Selection of Sublects

Ten Grade 7 students (six boys and four girls) partlclpated ln the study. They

were paired into flve single-sex dyads. The declslon to have subJects work as

dyads reflects the reai world of technology, ln whlch mosttechnologlcal

development occurs as the result of the efforts of two or more people worklng

cooperatlvely (Franklin, 1990). Addltlonally, prevlous research wlth dyads

(Meyer, 1991) found that whlle those of mixed gend9r 01len do not communlcate

weil or work cooperatively "the use of dyads ... encourage[sj students'

conversation as a means to make students' thlnking expllcit" (Meyer, 1991, p.

14). Further, research has shown that the interaction in a dyad provldes much

rlcher data than when subjects work alone (Rahllly, 1991). Tobin (1990) argues

that student collaboration "enables understandings to be clarlfled, elaborated,
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justified, and evaluated" (p. 407).

Homeroom teachers of the entire Grade 7 student population were provided

with copies of a letter describing the research study and a consent form

(Appendix B). Homeroom teachers were asked to encourage students to

discuss the research with their parents. Those students who returned the

completed form comprised the populalion from which the sampie was drawn.

Twenty-one students returned the "Ietter of consent" signed by both a

parentlguardian and the student. Of these twenty-one, ten were identified by

the principal and guidance counsellor as meeling the criteria for subjects as

specified by the researcher. These criteria were that the students (i) should be

articulate, (il) should be able to work cooperalively, and (iii) have maintained

average to above average performance in school work. These criteria are an

attempt to ensure a reasonable degree of abllity in order that subJects chosen

were capable of demonstratlng design and technological skills to a level which

make detalled analysis possible and worthwhile.

The principal and guidance counsellor paired students, boy with boy and girl

with girl. who, in their professional opinion, were compatible and friendly.

Those students selected for the study were sent a second letter thanking them

for thelr willlngness to particlpate and indicatlng the dates and times for both the

task and retrospective interview sessions (Appendix Cl. Those students

volunteering to participate but not selected also received a second letter,

thanking them for their interest and support (Appendix 0). 8tudents selected for

the study were assigned a code name (81 .... 810) and dyads were coded 01

.... 05.
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Procedure

The Settlng for Data Collection

The researcher was assigned a small, weil-lit room adjacent to the school

Iibrary. Three tables and chairs were provided. Two tables were pushed

together to provide a large work surface for the subjects. The thlrd table was

used by the researcher for the placement of audio recording equlpment. The

room was arranged to make the researcher's position and the recording

equipment as unobtruslve as possible.

Upon arrivai subJects were greeted by the researcher, and fltted wlth lapel

microphones. Once they were seated comfortably the researcher asked the

subJects if they were ready to begin. At their signal the researcher began the

instructions.

Egulpment

Both the problem-solvlng and the retrospective Interview sessions were

video and audio recorded. According to Tesch (1990) "audio and video

recordings enable the researcher to apply attention to detalls easlly overlooked

otherwise, because they are associated with rare events rather than wlth the

usually observed frequently reoccurring events" ( p. 47).

The video recordings captured the full record of students' actions as they

solved the technologlcal problem: "video provides a multifaceted record,

includlng verballzations. non-verbal signais. and gross motor movements"

(McAlpine, 1987. p. 19). The video camera used a telephoto lens and was

placed on a trlpod five metres from the subjects. The attached microphone was

aimed at the subJects and used to record task talk, that is, the nalurally occurrlng
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conversation between the two members of a dyad while problem solving.

Audio recordings were also made. using a Sony Walkman Professlonal

(Sony WM-D3) recorder and lapel microphones. These recordings acted as a

back-up in case 01 audio lailure in the videotaping. and were used to transcribe

the subjects' talk.

The peslgn Brlet

Each dyad was provided with a copy of a design briel that described the

technological problem to be solved (Appendix E). The problem. entitled "Paper

Tower". read as lollows:

Using ONE sheet 01 220 mm x 280 mm white papAr and 100 mm of clear
tape. construct the tallest possible tower.
You will also be given pink paper. This Vou may use in any way as Vou
develop your solution. However, NONE 01 the pink paper may be used in
the tower Vou submit as a final product.

limitations:

There is a time IImlt of one hour.
The tower mU$~ be free standing. It cannot be taped to the floor nor
to anything else.
When vou have finished. the tower must stand for 30 seconds before
having its height measured.

This particular design brief was selected for five reasons. First. it contalns the

three elements whlch Cross (1994) descrlbes as common to ail design

problems: "(a) a goal. (b) sorne constraints withln whlch the goal must be

achieved. and (c) sorne criteria by which a successful solution might be

recognized" (p. 10). Second. the deflnitlon of the design process adopted as

one of the bases for this study includes the followlng steps; understanding the

problem. generating possible solutions, modelllng a solution, building a
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solution, and evaluating a solution. Successful completion of the "Paper Tower"

task requires each of these steps. Third. informai pilot testing in a variety of

educational settings over a number of years by the researcher has

demonstrated the task to be one which students enjoy. Fourth, the task does

not require any equipment or skills beyond the abillties of Grade 7 students who

have received no formai technology education. Finally, the task does not

involve the use of dangerous equipment or materials.

Ro!e of the Researcher

The researcher sat ln front and to one side of the subjects as they engaged ln

designing a solution to the problem. The intent was to make the researcher as

unobtrusive as possible. The researcher monilored both the video and audio

equipmenl. The video image was framed to ensure that ail the actions of the

subjects were captured. Audio recordlng, later transcribed to provlde verbal

protocols for analysis. was monitored through headphones.

The researcher verlfied that subjects had understood the Instructions. and

answered questions throughout the sessions, provided that answers did not

assist wilh a solution to the problem. Wilh the exception of the occasional

remlnder to speak louder the subjects were not prompted.

Followlng the recommendation of McAlplne (1987) and Smith and Wedman

(1988) the researcher observed and made field notes of dyads' actions during

the problGffi-Solvlng session. McAlpine (1987) used these notes "to make a

summary of the [subject'sj on-task procedure, that is, what [theyj did in order to

complete the asslgnment" (p. 20). Smith and Wedman (1988) stated "we find il

helpfulto wrile our observations and Inslghts ... during the ... session" (p. 19).
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Instructions to Sublects

According 10 Hayes, Flower, Schriver, Stratman, and Carey (1985) concise,

clear and consistent instructions are essentlal to ensure that ail sessions are as

uniform as possible.

The Instructions for the problem-solving session were in three parts

(Appendlx G). Part 1 conslsted of a warm-up actlvlty. Ericsson and Simon

(1984) demonstrated that when subjects are engaged ln tasks involvlng oral

Information a warm-up activlty is Important. Further, the warm-up task should be

slmllar to the main task. In thls study subjects were requested to descrlbe sorne

object whlch they had designed and made at home, how it was made, and the

materlals used. Followlng a subject's description the researcher responded

wlth elther "That Is very Interesting. Thank vou for sharlng It wlth us" or "That

sounds IIke fun. Agaln, thank Vou for sharlng It with us". At that point the quallty

of both the video and audio recordlngs was checked.

Part 2 of the Instructions for the problem-solvlng sessions descrlbed the

Intent of the research, role of the subjects, and how the session was to proceed.

The reason for the audio and video taplng was re-emphaslzed. Subjects were

remlnded that they should talk normally and naturally durlng the session.

Before each dyad began deslgnlng the researcher checked to ensure that

participants fully understood the problem. Each dyad was asked to check that

they had ail of the materlals described on the IIst. They were remlnded that they

could use any of the materlals but that they didn't necessarlly have to use them

ail. Participants were reminded to work cooperatively and that there was a time

IImlt of one hour.

Part 3 of the Instructions, used at the end of a problem-solvlng session,

Included a 'thank you' message, a remlnder of the date and time for the
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retrospectlve Interview, and a request to not dlscuss the design brlel wlth frlends

until the data collection period was at an end.

The Instructions for the retrospective interview (Appendlx H) also began wlth

a welcome. As a warm-up subjects were asked to describe. Irom memory. the

problem they solved in the prevlous session. The researcher then Informed the

subjects that they were golng to watch the video tape 01 theïr problem-solvlng

session, during which they would be asked to comment upon some of thelr

actions. In an effort to mlnlmlze the response effects (Borg & Gall. 1983)

sublects were made comfortable with the Idea that Il they could not answer a

question It was legltimate to say "1 don't know" or "1 can't remember". The

retrospectlve interview ended with a "thank you" and a reminder not to dlscuss

the interview wlth Irlends.

RetrQspectlve Interviews

Whlle the problem-solvlng session provlded an opportunity for the

researcher to observe and record subjects deslgnlng in action, the goal of the

Interview was lOto probe the subjects' reasoning and Intentions whlch led to their

actions" (Meyer, 1991, p. 47). The purpose of using the video durlng an

interview was to "slow down [by starting and stopplng the video] the actions sc

that [subjects could] refiect on the taclt understandings embedded ln action"

(Argyris, Putman, & Smith. 1985. p. 87).

Withln three days of the problem-sclvlng session each dyad returned for a

retrospectlve Interview. Subjects were seated ln front of a VCRrrV monitor, able

to watch clearly the video of thelr problem-solvlng session. Each subject wore a

lapel microphone IInked to a tape recorder. A video camera was positloned sc

that both the screen and the students could be videotaped, enabllng the
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researcher to document the segment of the problem-solving session referred to

by the subjects. The researcher started, stopped, or rewound the tape as

subJects were asksd to engage in a semi-structured interview. The duratlon of

Interviews ranged from 23 minutes, 27 seconds to 54 minutes, 48 seconds.

To prepare for the Interview the researcher prevlewed the video. Specifie

questions were composed for each interview to clarify particular actions and

meanlngs of subjects' comments. In addition. and followlng McAlpine (1987),

notes taken whlle ;ne subjects were deslgnlng a solution were used for cued

recall questloning.

The Interview was semi-structured ln thatthe researcher asked each dyad a

unique set of questions deslgned to provide Inslght into their specifie actions.

Each interview began wlth the questions "What sort of pictures entered into your

head as Vou were reading the design brlef?" and "What were your flrstthoughts

after reading the design brlef?". Interview sessions ended wilh the researcher

thanklng the subJects for thelr participation.

Data Analysls

Transcription

The naturally occurring conversation between the subjects in a dyad, and

responses to interview questions were transcribed verbatlm from the audio

recordlngs using Microsoft Works V2.0. Each transcript was double-checked for

accuracy. Transcripts were typed single-spaced, wlth a double space between

speakers. Speakers were Identified by code names (S1 .... S10).

Undeclpherable speech was indicated by a series of question marks (71??).

These transcriptions were then imported into The Ethnograph V4.0. a
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software package "designed to facilitate the analysis of data collected ln

qualitative research" (Seidel, Frlese & Leonard, 1995, p. 1).

Segmentlng

Segmentlng, or unitlzlng, Is, accordlng to Hoisti (1969) a process whereby

"raw data are systematlcally transformed and aggregated Into unlts which

permit precise description of relevant content characterlstlcs" (p. 94). Accordlng

to Lincoln and Guba (1985) unlts " are best understood as single pleces of

Information that stand by themselves, that Is, are Interpretable ln the absence of

any additional Information" (p. 203).

ln this study transcrlpts were flrst segmented Into "speech bursts" or chunks

(Mlles & Huberman, 1994, p. 56). A speech burst was deflned as "a complete

portion of text uUered by a subfect without interruption from that subJect's

partner". Each speech burst was typed on a new IIne, with the speaker

Identifled by a code name at the left. The start tlme, ln minutes and !"9conds, of

each segment was added to the left margln. Times were read from the digital

counter on a Sony VCRPLUS playback machine. Flnally, a description of the

subjects' actions was added to the rlght of each segment. Transcrlpts were then

segmented a second tlme, each new segment dellmlted by a change ln the

actions of the subjects. Each segment of action was Indlcated using a square

bracket. Figure 7 shows a sample of a segmented protocol.
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• 59: 50 /l's 90lng somelhlng IIke 621 Holds up Iwo cyllnders

]thal? 622 Inlo leepee style
26,04 lramework.

510: Yeah. To make sorne smailer ones 624 80th conllnue 10 roll
100. 625 cyllnders

26,07

59: Here, 1'1 roll whlle vou tape. 627
26,18

510: OK. 629 Fils 2 cyllnders end-Io-end ]
59: L1ke 20 mlnules more. 631 Looks al clock

]27,08

510: Go ahea::l. m 633 Rolling & 100ning cyllnders

lFigure 7. Sample of a segmented protocol

•

•

CQdlng

DeyelQpment Qf ft cQdlng scheme. A coding scheme was developed to

reflect the problem-solving nature of designing as described in the technology

education and human problem solvlng Iiterature (Department for Education,

1995; Ericsson & Simon, 1984; Klmbell, Stables, Wheeler, Wosniak, & Kelly,

1991). Codes were designed to describe the actions of the subjects, that Is, the

manifestations of thelr design thlnking. The naturally occurring conversation

between subjects as they engaged in problem-solving, and responses made

durlng a semi-structured Interview were used to inform thls coding of actions.

Ericsson and Simon (1984) postulate "a set of assumptlons about the

general structure of problem-solvlng processes" (p. 263). The flrst of these

assumptions, of particular importance for this study, states that "[a] subject's

behavior [when problem solving] can be vlewed as a search through a problem

space, accumulating knowledge ... about the problem as he [.s!Q) goes" (p. 263).
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Hayes (1989) descrlbes problem solving as a characteristlc sequence of

actions: "Finding the problem. representing the problem. planning the solution.

carrying out the plan. evaluatlng the solution. and consolidating gains" (p. 3).

The terms used by Hayes to describe thls sequence of actions parallel those

found in the technology education literature: identlfying needs and

opportunities. understandlng and detalllng the problem. generatlng possible

solutions. building a solution. and evaluatlng a solution (Barlex. Read. Fair &

Baker. 1991: Department of Education and Science, 1987; Department for

Education. 1992).

According to Miles and Huberman (1994) "a provisional'start list' of codes

[may be created] prior to field work. [This]list comes from the conceptual

framework. list of research questions. hypotheses, problem areas. and/or key

variables that the researcher brlngs Into the study" (p. 58). This approach Is

further supported by Tesch (1990) who adds that start codes may also be

derived from the literature and tacit knowledge that the researcher brings to the

study.

ln this study "start codes" were developed by analyzing the design process,

that is. problem solvln!J. models described in twelve Influentlal technology

education documents spannlng the years 1968 - 1992. Common steps ln each

of the twelve models were aligned horizontally (Figure 1). From thls revlew a

generlc "sequence of actions" (steps) and a start list of codes were developed

(Figure 8).

ln Figure 8 the flrst column lists the steps in a generic model of the design

process. The column headed Code contains a series of mnemonic codes. The

column headed Definition contalns an operatlonal deflnitlon for each code.

Miles and Huberman (1994) point out that these definitions are crillcal. for they
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Figure 8. Codes. derived from the literature. to describe the actlvity of designing

Increase the likelihood of a consistent application of the codes by a single

researcher over time and also ensure that other researchers. for example those

Involved in reliability tests. will be thinking about the same phenomena as they

code. In thls study definitlons were deveioped to reflect the conceptual structure

of deslgning as evidenced ln Figure 1.
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Two protocols were selected at random and coded uslng the scheme ln

Figure 8. Omissions. gaps and Jack of reflnemant soon became evldent. For

example, the Generate possible solutions category Is dellned as

"Generatlng and recording ideas for a possible solution". It became clear Irom

the data that generatlng Ideas and recording ideas are qulte dlfferent and

distinct activities. Yet the code set dld not make thls distinction. Addltlonally.

subjects ln thls study were not required to explore a context to identlfy needs

and opportunltles. identlfy a specifie problem to be solved. or wrlte a design

brief. SubJects in this study were provided with a design brief. This ensured

that ail subject~ lound a solution to the seme probJem. thus allowlng a more

vaUd comparlson of the steps taken to solve the problem.

Therefore a second approach to the derlvatlon of a code set was adopted.

Glaser and Strauss (1967) and Strauss (1987) advocate an Inductive approach

to the development of a code set. Grounded theory (Glaser & Strauss, 1967)

states that codes should be "grounded", that Is. derived Irom. the data. Strauss

(1987) descrlbes the process as "open coding". defined as "the unrestricted

coding of the data almed at provlding concepts that seem to lit the data" (p. 28).

Tesch (1990) refers to "emplrlcallndlcators", that Is. actions. events and words

which couJd be used to develop addltlonal codes.

As a result of thls open coding. new codes were derlved. Thlrty two unique

codes were requlred to complete codlng of ail the data (Appendlx 1).

Codlng scheme. The codlng scheme for thls study contalns six categories:

(1) understanding the problem: (2) generatlng possible solutions; (3) modelling

a possible solution; (4) building a solution; (5) evaluatlon; and (6)

mlscellaneous. These six categories were subdlvided Into 32 unique codes
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553
554 GEN/MANIP

•

•

(Appendix 1). 80me codes required a subscript. For example, when a dyad

made three diflerent mock-ups the first was coded as MMU1, the second as

MMU2, the thlrd as MMU3. The addition of subscripts led to the use of 57

codes. A description of each code, along wilh an example from the protocols, Is

provlded below. Each example contalns the followlng Information: the subject's

identification code, the segment and IIne number. Where appropriate the

concurrent action of the subject is Included in parentheses. For example:

810: Whatlf we made yeah, IIlIle rolls
and made il ln a teepee style?
(Begins to roll paper Into cyllnder)

shows thatln lines 553/554 subject 810 suggests an entirely new solution

(GEN) to the problem. 81mullaneously the subjectls manlpulatlng materials

(MANIP).

UNDERSTANDING THE PROBLEM CODES

Reading the design brlef (RBRFl

Definition:

Example:

An eplsode durlng whlch subjects read the design
brlef given by the researcher.

(8ubjects sllently reading the design brief.)

Discussing performance criteria (DEERFl

•

Definition:

Examples:

An episode during whlch suojects refer
dlrectly to the performance criteria
contalned ln the design brief.

89: Il has to be free standing
at the end anyway.

81: Can't tape It to the floor or
anythlng else.
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• Discussing cQnstraints (DCONS)

DefinltiQn:

Examples:

An eplsQde during which subjects refer
directly tQ the cQnstralnts cQntained in
the design brlef.

S2: Can use Qnly Qne sheet Qf paper? 175

S7: We didn't use the rlght amQunt Qf 1034
tape. 1035

S2: We've gQt an hQur SQ .,. 208

GENERATE POSSIBLE SOLUTIONS C,.}i)ES

Generatlng pQssible sQlutlQns (GEN)

•
DefinltlQn:

Examples:

An eplsQde during which subjects dlscuss
an entlrely new solutiQn tQ the prQblem.

S10: What If we made yeah. 1It1le rQlIs
and made Itln a teepee style?

553
554

S7: L1ke a hat Qr somethlng. 135

S8: YQU CQuid cutlt and then rQII 174
half Qf It and rQllthe Qther half 175
and stick IttQgether tQ make It 176
tall. 177

Sketchlng/drawlng a pQssible sQlutiQn (DRAW)

•

DeflnltlQn:

Example:

An eplsode durlng whlch subjects make
drawings Qr sketches Qf a pQsslble solutiQn.

S5: If we CQuld. let's wQrk Qn the 155
drawing firs!. 156
(S5 begins tQ sketch Qn pink papeL)
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• MODELLING A POSSIBLE SOLUTION CODES

Planning Ihe making Qf a mQck-up (PMU)

DefinitiQn:

Examples:

An episQde during which subjecls discuss
ways in which IQ make a pari Qf a mQck-up.

S6: We can make IIl1le nQlches allhe
bQIIQm and Ihey can sort Qf sland.

228
229

S10: Bullhen at the end we can get 308
IIke Qne piece Qf tape IIke if we 309
stack them IIke that we get Qne 31 0
mQre plece Qf tape and pul them 311
alllQgelher. 312
(Subjects dlscussing ways in which
tQ make sldes Qf tQwer rlgid.)

Manipulaling maleriais (MANIPl

•
DefinitiQn:

Examples:

An eplsQde durlng whlch subjecls manlpulate
materlals ln Qrder IQ explQre Qne element Qf
a pQsslble sQlutlQn.

S9: Can It be hlgher Ihan thls paper?
(Siands plece Qf paper vertlcally
Qn table.)

196

S10: Yeah, just IIke make some rQlIs 558
bigger than Qthers. Lel's Iry 559
tha!. 560
(Beglns tQ rQII paper intQ a cyllnder.)

Making a mQck-up (MMU)

•

DefinltlQn:

Examples:

An episQde durlng whlch subjects make part Qf
a mQck-up.

S1: Start at Qne CQrner. 566
(S2 begins tQ rQII a secQnd cyllnder.)

S7: Tape the side SQ It will stay. 186
(Tears Qff SCQtch tape and beglns tQ
tape cyllnder.)
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• Refining a mQck-up IRMUl

Definition:

Examples:

An episQde during which subjects suggest Qr
make a change tQ a mQck-up currently being
develQped.

81: Let's cut the bQtlQm QUI. make sure 305
it stands. 306
(Cuts slits in the bQtlQm edge Qf
cylinder and bends them Qut as tabs.)

88: 1just gQt tQ make it even Qn the 201
bQtlQm. 202
(Uses scissQrs tQ mQdity bQtlQm edge Qf tQwer.)

CQPying a mQck-up ICMMU)

•
Definition:

Example:

An episQde during whlch subjects replicate a
mQck-up in Qrder to verity that it meets the
perfQrmance criteria and constraints
described ln the design brief.

88: We can, yeah, we can dQ it Qver 600
again. Okay and use as less tape as 601
we need. Just tQ see that it can be 602
done agaln and that there's nQt just 603
Qne that can be dQne. 604
(Picks up new sheet of pink paper and
begins tQ replicate prevlQus mQck-up.)

Checklng avallable reSQurces and materials IARMl

DefinltlQn:

Examples:

An episode durlng whlch subjects Identlty
or assess the reSQurces available Qr
remalning tQ cQmplete the task.

82: HQW much tape is left? 466

•
810: We can always use sorne, let's 218

take Qut hQW much tape we can 219
use. 220
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• AbandQn current sQlutlQn (ABAN)

DeflnltiQn: An eplsode during whlch subjects Indicate they intend tQ
stQP wQrk Qn a mQck-up and explQre an entlrely new
sQlutiQn.

Examples: S10 Let's dQ SQm ethlng dlflerent. 496

S8: Um, hQW else CQuid we, we can 165
tape It. 166
(Lays aside current solutiQn.)

BUILDING A SOLUTION CODES

Plan maklng (PPR)

•
DefinltiQn:

Examples:

An eplsQde during whlch subjects dlscuss strategies fQr
replicatlng a mQck-up prlQr tQ beglnnlng cQnstructiQn Qf a
prQtQtype.

S9: Okay,shQuld YQU just make il a 953
whole piece? Or Just hQW we 954
had It? 955

S10: Um, OK. Okay that thlng Is a 956
full slrlp, and Ihat was abQut 957
thls mueh. 958
(Subjeets trying tQ remember hQW tQ eut
materlals tQ replicate mQck-up.)

Maklng a prQtQtype (MPR)

DefinltlQn: An eplsQde during whleh subjecls make part Qf
a prQtQtype.

210
211

52

S4: Start, start cutting slrlps Qui Qf
this.
(S4 Instructs S3 tQ begln cutting
strlps Qf white paper.)

S5: Okay, tape up the bQttQm there. 310
(S5 Inslruels S6 to apply tape to a
rolled eylinder.)

Examples:

•



• Identifying a problem with a prototype lIPPRl

Definition:

Example:

An episode during which subjects identlly a problem in
the design of the prototype not previously identified during
the design of the mock-up.

S4: Oh, 1know why. It wants to go up 589
right? 590
(Folds base of tower in allemptto increase
rlgidity.)

Modifying the prototype {MODPRl

•

Definition:

Examples:

An episode during which subjects make a design
modification to a prototype.

S7: Try to make it a lItt1e bit wider at 1198
the bottom. 1199
(Compares prototype to mock-up and
decldes to modlly prototype.)

S8: Ah. If we made It square It will 1294
stay. 1295
(Modifies shape of base in way not
seen ln mock-up.)

EVALUATION CODES

Evaluation of a possible solution (EGEN)

Definition: An eplsode during which subjects discuss and
evaluate a proposed new solution to the problem.

Examples: S2: It won't be that great.

S5: That's not qulte tall enough.

278

154

Evaluation of a sketch or drawing (EDRAW)

•
Definition:

Example:

An eplsode during which subjects dlscuss and
make a judgement about a sketch or drawlng.

S5: That's not a shape. 190
(Comments on a sketch made by S6.)
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• Tesling a mQck-up (TMUI

DeflnltlQn: An episode durlng whlch subjects test Qne element
Qf Qr an entlre mQck-up as designlng cQntlnues.

Examples: S1: Let's try tQ stand It first.
(Stands bQtlQm half Qf tQwer.)

357

S7: Okay, wlllit stand? 199
(Subject atlempts tQ stand tQwer.)

Evaluatlng a mQck-up IEMU)

Testlng prQtQtvpe (TPR)•

DeflnltlQn:

Example:

DeflnltlQn:

An eplsQde durlng whlch subjects evaluate a mQck-up
ln terms Qf the perfQrmance criteria contalned in the
design brlef.

S8: Okay, hQW tall is thls? 153
(Plcks up tape and beglns tQ measure
haight Qf tQwer.)

An episQde durlng whlch subjects test Qne element
Qf a prQtQtype as constructiQn cQntlnues.

Example: S7: See If It stands nQw. HQpe SQ.
(S7 attempts tQ stand a cylinder
made frQm white paper.)

1137

Evaluatlng prQtQtype IEPR)

1446
1447
1448

•

DefinitlQn:

Examples:

An episQde durlng which subjects evaluate the
prQtQtype ln terms Qf the design brlef.

S8: NQ. ItlQQks pretty bad but It's
standing. Okay l'II take the tQp.
Just dQn't tQuch II.
(Subject measures helght Qf tQwer.)

S5: 1dQn't thlnk that's gQing tQ stay 342
very weil. 343
(Attempts tQ stand tQwer, PQints tQ base.)
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• Recording results from a mock-up (RRMU)

Definition:

Example:

An eplsode during which subjects record in wrlllen
form the height of a mock-up.

S7: Um, 15 and 1/2 inches Ithlnk. 214
Yep. 215
(Wrltes height on piece of pink paper)

Recording results from a prototype (RRPR)

Definition:

Example:

An episode during which subjects record in wrillen
form the height of a prototype.

S8: Okay, 22 inches. 1459
S8: Equals, equals 56, 55.9 1461

centimetres. Which equals 1462
559 millimetres. 1463
(S8 records on paper height = 559 mm.)

• False start (FS)

Definilion:

Examples:

Qff-lask talk (OTI)

MISCELLANEOUS CODES

A statement which comprises an incomplete
thoughl.

S3: Or something Iike '"
S7: Yeah. and then ifs Iike ...
S8: Thisls ...

285
485

1149

Definilion: A statement which is not directiy reiated to the task at hand.

Example: S8: Sounds Iike Mr. Kirby. 348

Boundary marker (BM)

•
Definition:

Examples:

Verbal ulterances forming a break or IInk between
segments.

Um. Okay, Uh.
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• ClarlficatlQn reQuest (CAl

DefinltiQn: A request frQm a subJect tQ the researcher fQr clarificatlQn.

Examples: 510: 5Q just fQr the tQwer we can just
use this and that? These tWQ?

110
111

52: 5Q we, 1can use thls tQ sketch 156
Qn, the ideas and things. 157

Aesearcher respQnse (ACA)

DefinltiQn: InfQrmatlQn prQvided by the researcher ln respQnse
tQ a clarlficatiQn rl"'west.

Examples: 52: 5Q we, 1can use this tQ sketch Qn 156
the Ideas and thlngs. 157

A: Yes, exactly. 159

510: When dQlng the cQnstructlQn Is It, 236
are YQU talklng abQut uslng Qnly this 237
much tape at the end, when It's 238

• finished? 239
A: That Is CQrrect. 240

Warm up (WU)

DefinitlQn:

Example:

5tatements made by a subJect as part Qf warm-up actlvitles
deslgned tQ accllmatlze subjects tQ the task envlrQnmenl.

510: Okay fQr m~' MQm:s birthday 1made 23
her a sugar jar Qut Qf clay, but 1 24
dldn't Iike it very much because It 25
wasn't prQPQrtlQned very weil and the 26
IId dldn't stay Qn prQperly. 27

Aesearcher IntrQductlQn: (RINTRO)

•
DeflnitlQn:

Example:

IntrQductQry descrlptlQn Qf the research .prQject and Its
admlnlstratlQn given tQ the subjects by the researcher.

5ee Appendlx F fQr the full script.
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• Researcher comments (RC)

Definition: Any comment or question from the researcher during
the problem-solving session.

Examples: R: Remind you that you are working as a pair.

•

•

R: Keep your voices up a litlle bit if you can.

5 tablllty and reliabIIIty. According to Krippendorf (1980) coding

schemes must be evaluated for both stabllity and reproducibility (inter-coder

reliability). Stability is made evldent when the same coder codes and then

recodes a data set at different points ln lime (Krlppendorf. 1980. p. 130). In thls

study the entlre data set was flrst ceded by the researcher over a three-week

perlod. This was repeated after an Interval of Iwo weeks, when the stablllty was

calculated as 82%. Randomly selected portions of transcrlpts were then

recoded over a period of two months unlil the stability exceeded 90%.

Inter-coder reliability was established by provldlng three faculty members

wlth a randomly selected section of a transcrlpt contalnlng 10% (100 lines) of

the entlre protoce!. When Indlvldual codes were used as a measure of

agreement the reliabllity between the researcher and at least two coders was

79.1 %. However, when category of code (e.g., modelllng a possible solution)

was used as a measure. agreement reached 90.4%. This dlscrepancy reflects

both the short amount of tlme avallable to train coders and the researcher's

greater fa,niliarlty wlth the coding scheme.

MaDDlnq the Data

Chapter 2 descrlbed a number of design process models found ln the
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technology education Iiterature and noted that each Is depicted as a graphie

model, often Iinear and frequently contalning a number of feedback loops. In

this study the design strategy of each dyad is represented ln the form of a

computer generated "map". Such maps make it possible to search for patterns

in a single data set and for regularities in multiple data sets.

As described earlier the transcript of each dyad's problem-solving session

was segmented, the start time of each segment recorded, and subjects' actions

noted. The transcripts were resegmented into "periods of action" and coded.

The time spent on each period was calculated. From this data four statistics

were derived: (a) time on code, in seconds; (b) the percent of the total time

spent on each coded period; (c) the total elapsed time. in seconds; and (d) the

cumulative percenl of total elapsed tlme (App9ndix J).

The data \Vere entered into a spreadsheet program (Microsoft EXCEL, V5.D),

in which rows 2 to 25 each represent one of the codes developed to describe

steps in the design process. Row 1 contains the cumulative percent of total

elapsed time, one data point in each column (Appel':dix M). I\dditlonally, each

code in the coding set was assigned a number (e.g., RBFIF=2, DPERF=3,

DCONS=4), thls number being Identlcal to Its row number in the spreadsheet.

Each cell ln the spreadsheet \Vas then filled wlth one of these assigned

numbers. In the example shown in Figure 9 the subjecls were readlng the brief

(RBRF) from time zero to 2.5 percent of total time. From time 2.5 percent to time

4.4 percent they were drawing (DRAW). Complete data entry Is shown in

Appendix M. The data were charted using an XV scattergraph wlth lines.

Horizontal and vertical grid lines were added to assist with the Interpretation of

results.
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A B C D E F G
1 % data task 1 0 2.5 4.4 5.1 5.6 5.9-
2 RBRF 2 2
3 DPERF -------
4 DCONS .-._---
5 GEN 5 5 5 5
6 DRAW 6 6 6 6----
7 PMU
B MANIP 8 8
9 MMU

Figure 9. Data entry format

Limitations of the Methodology

While dyads an.'! useful for reasons already described, there are some

limitations whlch would not occur if subJects were working singly. For example,

there were limes durlng the problem-solvlng sessions when, Instead of worklng

in a cooperative way, the two subjects in a dyad worked Indlvldually. When thls

occurred the researcher prompted subjects wlth a comment such as "Don't

forget vou are worklng as a team". However, for brlef perlods the recorded

actions and task talk are those of Iwo Indivlduals rather than a dyad. At thls tlme

codlng was based on the major actlvlty. A second limitation, also arlslng from

the use of dyads, occurred when the retrospectlve Interview was domlnated by

one subject. In this case the researcher attempted to mlnlmize thls limitation by

using eye contact, frlendly body languélge (such as hand movements whlle

speaklng), smiles, and nods toward the less assertlve subject.

A thlrd limitation Is that the interview asked subjects to reconstruct what they

were thinking durlng the problem solving session. There may be factors whlch
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affect these reconstructions, such as subjects' beliefs that they have to defend

their actions rather than explain them, or subjects' Inability to explain what they

did or why. Further, their ldeas may have changed as a result of the process

and their retrospectlons may reflect th!:.; (Ar.dsrson, 1986; Ericsson & Simon,

1984). However, from a research perspective, a dlfference between the

subjects' retrospections and what appears on the videotape (subject actions)

may be useful information for the study.

A fourth limitation of the methodology arises from the nature of the asslgned

task. The model of the design process described earlier in the study has as its

first step the situation of a subject in a context and the identification of a need.

Clearly, this could not be a part of this research study. Inclusion of thls step

wouId remove the commonality of the task and therefore preclude comparlson

of the process betwean dyads. As Yin (1989) notes "multiple case study

research follows a replicatlon logic" (p. 53).

Summary

This chapter has descrlbed the methodology used to investlgate the

problem-sclving strategies of flve slngle-sex dyads as they attempt to find a

solution to a technologlcal problem.

Each dyad engaged ln a problem-solving session whlch was both video and

audio taped. The audio tapes were transcrlbed verbatlm. These protocols were

segmented. The start tlme for each segment was added, along wlth a

description of the subject's actions.

A codlng scheme was developed to Include both start codes (derlved trom

the Iiterature) and empirical codes (derlved from the data). These codes

enabled codification of subjects' actions as they engaged ln technologlcal
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problem solving. Coding of actions. and analysis of the data. was Informed both

by adjacent task talk segments and responses given ln a retrospective

interview. The results of the analysls are described in the next chapter.
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CHAPTER 4: RESULTS

This study. whlch investigated the actions of five slngle-sex dyads as they

developed a solution to a technological problem. was guided by four research

questions:

1. Whlch sleps contained in theoretical models of the design process are

present in student strategies?

2. What design process do Grade 7 students. working in single-sex dyads. use

to solve a technologlcal problem?

3. In what sequence do students employ steps of the design process?

4. How do the strategies used by students differ from those ln theoretlcal

models of the design process?

ln this study the subJects' actions and task talk (the naturally occurrlng

conversation) whlle deslgning and making a solution to a technological

problem were audio and video taped. The audio tapes were transcribed. A

description of subJects' designlng-in-actlon was added to the protocols. Each

tlme there occurred a change ln the subJects' actions the time was noted.

allowing calculation of the duration of each period of action. Actions were then

coded uslng a scheme based on both theoretical and empirical codes

(Appendix 1). The task talk and retrospectlve interviews were used to inform the

codlng of actions. The actions coded as deslgning were analysed uslng

descriptive statlstics.

This chapter begins with an analysis of the number and distribution of codes

for each dyad. The remainder of the chapter presents an analysls of the data

organlzed around ths research questions addressed by thls study. Analyses of

the lime (ln seconds) and the percentage of total lime spent on each code
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address the first research question, namely: Which steps contalned ln

theoretical models of the design process described ln Chapter 2 are present ln

students' strategies? Question 2 is addressed by mapping the data. whlch

provide a visual representation of the design process Grade 7 students, worklng

ln single-sex dyads, use to solve a technological problem. The remalnlng

research questions, "In what sequence do students employ steps of the design

process?" and "How do the strategies used by students dlfler from those ln the

theoretical models of the design process?" are addressed by further analysls of

the maps described earlier. The chapter ends wlth a summary of the results.

The signllicance and Implications of the results for technology education will be

addressed in Chapter 5.

Results of Segmentlng and Codlng the Transcrlbed Data

The task talk of the subjects was transcribed, segmented, annotated ard

coded as described ln Chapter 3. As a result 547 Instances of 32 codes were

identllied. The frequency of each code by dyad Is shown ln Appendlx K. Row

36 shows that the total number of codes ranged from a low of 71 for Dyad 3 to a

high of 164 for Dyad 4.

Since this study focussed on the design process employed by sublects,

those codes which describe deslgning were extracted from the total code set,

whlch also Includes miscellaneous codes. As a result 418 Instances of 24

codes were identlfied (Table 1). This frequency of codes for each dyad

provlded the data for further analysls of the design process used by subjects ln

this study.
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Table 1

Ereguency oi codes used to describe designlng

A 6 CD E F G H

Question 1. Whlch steps contalned ln theoretlcal models of the

design process are present ln students' strategies?

As descrlbed in Chapter 2 the technology education Iiterature frequently

depiets the design process as a "characteristlc sequence of actions" (Hayes,

1989, p. 3) containlng six steps: (a) flnding the problem, (b) understanding the

problem, (c) generatlng possible solutions, (d) modelllng a ilossible solution, (e)
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building a solution. and (f) evaluatlng the solution. Often thls sequence Is

depicted ln the form of a flow chart, sometlmes in a simple linear form but most

recently showlng numerous feedback loops and Inter-connections between the

steps.

An ideallzed "map" of a subject's sequence of actions, based on the models

ln the technology education IIterature, mlght be expected to appear as shown in

Figure 10. The steps in the process are shown on the vertical axis. Time spent

on each step ln the process Is represenled by the bold horizontal IInes. Havlng

Identlfied a problem to be solved students are expected to begin I>y sketchlng

(generatlng) a number of alternative solutions, ultlmately selectlng the one

which SeA'TlS the mosl approprlate. Having selected a best solution, students

would then be expecled to spend considerable tlme modeliing and maklng a

solution, before evaluating the end product.

ln Figure 10 the tlme spent on each step reflects a subjective Interpretation

based on a distribution impllclt in a nurr tdr of theoretlcal models (see Figure 1).

Slep 1 (findlng the problem) and Step 2 (understandlng the problem) requlre

the least amount of time. Steps 3 and 4 (generatlng possible solutions and

modelling a possible solution) together requlre the greatest time. Step 5,

building a solution, requlres approxlmately the same tlme as elther Step 3 or

Step 4. Accordlng to theoretlcal models, evaluatlon (Step 6) occurs at the

conclusion of Steps 3, 4 and 5.

However, as descrlbed in Chapter 3, to ensure that they ail found a solution to

the same problem. thus allowlng a valid comparlson of their sequence of

actions. subjects in thls study were not requlred to flnd a problem to be solved

but were provlded wlth a design brlef. An Idealized map of a design process

subjects mlght be expected to use ln thls study Is shown 1:; Figure 11.
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• The live steps and related codes ara used as the organizer lor the next

section 01 thls chapter, an analysis 01 the steps contained in theoretical models

of the design process present in students' strategies and the lime devoted to

each step.

Table 2 summarizes the percentage of lime spent by each dyad on each of

the live steps of designing investigated ln this sludy. Figure 12 shows the

results graphically.

Table 2

Distribution of lime spent by dyads on each step 8f the design process

Time (secs)
%oftime

• Step Dyad 1 Dyad2 Dyad3 Dyad4 Dyad5

Understanding 117 93 48 132 85
the problem 6.0 5.0 6.44 3.58 2.88

Generating
possible 120 199 112 149 330
solution 6.16 10.69 15.04 4.05 10.87

Modelling
possible 1064 130 142 1654 1902
solution 54.57 6.99 19.05 44.86 62.62

Building 219 10n 264 843 342
solution 11.22 57.88 35.44 22.87 11.26

Evaluatlng 430 362 179 909 378
22.04 19.45 24.03 24.67 12.44
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Figure 12. Distribution of lime spent on each step ln the design process
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ln order to understand the problem subJects were requlred to read the design

brlef at the outset of the task. With the exception of the subjects in Dyad 4, who

read parts of the design brlef on two further occasions, dyads read the brlef on

only one further occasion. The lime spent readlng ihe brief, discussing or

referrlng to performance criteria and constralnts ranged from 2.88% to 6.44 % of

the total lime on task.

Accordlng to theorellcal models of the design process subjects should have

spent a considerable proportion of thelr available lime generaling possible

solulions (usuaily by sketchlng and drawlng) prlor to modelllng ln reslstant

materlals. In thls study the lime spent "modelllng ln the mlnd's eye" and
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graphically recording possible solutions ranged from 4.05% to 15.04% of the

tlme on lask. By contras!, subjects spent a considerable tlme modelling

possible solutions in three-dimensional form. Table 2 shows that the time

subjects spent modelling ranged from 6.99% to 62.62%. Dyad 2 is the obvious

anomaly, but as will be described later, this dyad moved almost immediately

from reading the design brief to building a prototype.

The ti:ne spent building a prototype, in essence replicating a successful

model maklng only minor design changes. ranged from 11.22% to 57.88% of

dyads' time. Evaluation, whether testlng one element of a solution or assesslng

a solution in terms of the design brief, occupied between 12.44% and 24.67% of

dyads' tlme.

ln summary then. subjects divided their tlme-on-task in approximately the

following way: 5% understanding the problem; 9% generating possible

solutions; 38% modelling a possible solution; 28% building a solution: and 21 %

evaluatlng solutions.

The next section of this chaptar provides a more detailed analysis of the data

contained in Table 2.

Understandlnq the problem

ln order to understand the problem subjects were required to read the design

brief provided by the researcher. Since the brlef was in wrltten form subjccts

could refer back to It whenever they felt It necessary (ABAF). Evidence of

attempts to understand the problem were also reflected ln explicit references to

the performance criteria (DPEAF) and constralnts (DCONS) imposed by the

task.

Table 3 summarl7.es the total tlme, in seconds. and the percentage of total
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• lime spenl by each of Ihe dyads on codes relaled 10 underslanding Ihe problem.

Table 3

Tlme sDenl on the sIeD "Understanding Ihe Problem"

Time(secs)
-% of total time

Code Dyad 1 Dyad2 Dyad3 Dyad4 Dyad 5

RBRF 56 . 65 48 70 73
2.87 3.49 6.44 1.90 2.40

DPERF 17 0 0 49 10
0.87 0 0 1.33 0.33

• DCONS 44 28 0 13 2
2.26 1.51 0 0.35 0.07

Tolals 117 93 48 132 85
6.0 5.0 6.44 3.58 2.8

•

The lolallime subjecls spenl allempling 10 undersland Ihe problem ranged

from 2.80% 10 6.4~% of lolallime on lask. The lime subJecls spenl readlng Ihe

design brief, bolh allhe beginnlng of Ihe lask and whlle designlng, ranged from

48 seconds 10 73 seconds. One subjecl in Dyad 4 read Ihe design brief aloud:

Ihe remalnder' read silently.

Very IIl1le lime was spenlreferrlng 10 or dlscusslng eilher Ihe performance

.criteria or Ihe conslralnls. Two dyads made no expllcll reference 10 Ihe

performance criteria and one dyad made no expllclt reference 10 Ihe conslrainls.
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Generatlng Possible Solutions

Subjects could generate one or more possible solutions to the problem in

two ways; by thinklng about and then discussing with their partner a possible

solution (GEN). or by sketching/drawlng a possible solution (DRAW). Subjects

spent very little time on elther of these activlties (Table 4).

Generatlng possible solutions by thinklng and discussion occupied between

2.05% and 5.53% of subjects' time. Sketchlng or drawlng possible solutions

occupied between 0% and 1.85% of the time (0 to 36 seconds). Interestlngly.

four of the dyads spent time simultaneously discussing and sketching possible

solutions (GEN/DRAW), and ail five dyads spent tlme slmultaneously dlscussing

a possible solution whlie manipulatlng materials (GEN/MANIP).

Modell!ng a Possible SolytlQn

According to Evans (1992) a model"translate[sj ideas into a three­

dlmenslonal form" (p. 42). In thls study subjects were provlded wlth a range of

materlals which could be usad to "translate drawlngs into a more representative

format" (Evans. 1992, p. 43) or explore one or more elements of a solution.

Accordlng to the IIterature. subJects, having generated a possible solution

through discussion and drawing. should engage in a series of actions to

explore the feaslbillty and efficacy of thelr proposed solution prior to making a

prototype. Planning the maklng of a mock-up (PMU) and manipuiatlng

materials to explore one element of a possible solution (MANIP), foliowed by

maklng a mock-up (MMU) and refinlng a mock-up (RMU) were anticipated to

constitute the essence of the modelllng step. Checklng avallable resources and

materials (ARM) and abandonlng a currant solution ln order to explore a new

solution (ABAN) were codes whlch emerged from the data. One dyad. having
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• Table 4

Time spent on the step "Generaling Possible Solutions"

T,.ne(secs)
% of total time

Code Dyad 1 Dyad2 Dyad3 Dyad4 Dyad5

GEN 40 49 24 95 168
2.05 2.63 3.22 2.58 5.53

DRAW 36 27 4 0 13
1.85 1.45 0.54 0 0.43

GEN/DRAW 37 61 46 0 51
1.90 3.28 6.18 0 1.68

• GENIMANIP 7 62 38 54 98
0.36 3.33 5.10 1.68 3.23

Totals 120
6.16

199 112 149
10.69 15.04 4.05

330
10.87

•

completed a mock-up, and concerned that they had not heeded the constralnts

described in the design brief, ("Oh, we never measured how much millimetres

[of tape) we used", S8, lines 590-592) declded ta bulld a replica ln arder to "see

that it can be done again and that there's not just one ihat can be done" (S8,

lines 602-604). Hence the code CMMU (maklng a copy of a mock-up) was

added.

From Table 5 il is clear that subjects spent very little time planning the
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Time spent Qn the step "MQdelling a PQssible SQlutiQn"

Time (secs)
% of total tlme

GQde Dyad 1 Dyad2 Dyad3 Dyad4 Dyad 5

PMU 0 0 5 164 25
0 0 0.67 4.45 0.82

MANIP 47 102 8 0 4
2.41 5.48 1.07 0 0.13

MMU 455 0 79 533 1021
23.34 0 10.60 14.45 33.62

• RMU 418 0 9 699 708
21.43 0 1.21 18.96 23.31

ABAN 0 2 0 11 18
0 0.11 0 0.30 0.59

ARM 44 26 41 247 126
7.39 1.40 5.50 6.70 4.15

TQtals 1064 130 142
54.57 6.99 19.05

1654
44.86

1902
62.62

•

sequence Qf steps in making a mQck-up. Time spent planning a mQck-up

ranged frQm 0% tQ 4.45% Qf time Qn task. With Qne exceptiQn (Dyad 2) little

time was spent manipulatlng materials tQ explQre elements Qf a sQlutlQn. The
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time dyads spent making a mock-up ranged from 0% to 33.62%. and the lime

refining a mock-up, that is, making ongoing and Immediate design changes,

ranged from 0% to 23.31%. Agaln, the idiosyncratic case Is Dyad 2, whlch

spent no time at ail modelling a solution, but moved directly to maklng a

prototype.

Worth noting also is the number of mock-ups, or different possible solutions

to the problem, explored by each dyad. Dyad 2 made no mock-ups. Dyad 3

made one, Dyads 1 and 5 made three, and Dyad 4 made five. In thls latter case

four different solulions were exp!ored and one of them was repeated, as

discussed earller.

The lime dyads spent checking and organizlng avaliable resources and

materlals ranged from 1.40% to 7.39%. Deciding whether or not to abandon a

current solution and try something dlfferent requlred betwerJ'% and 0.59% of

the lime.

Building a Solution

Whlie a prototype is usually "a full-size working model of a physical system"

(Evans, 1992, p. 42), for the purposes of this study the term prototype was used

to signlfy a "final model" of a design solution. As Klmbell et al. (1991) have

pointed out "there is nothing particularly special about the 'final' prototype, for

the moment It exists il becomes the focus for yet further refinement and Is

therefore but another extension of modelling aclivlty" (p. 22).

Dyads spent between 11.22% and 57.88% of thelr lime building a prototype.

Table 6 shows that dyads spent very IIttle lime p!::.nnlng the produclion of a

prototype (PPR), the range being 0% to 3.87%. Dyads 1 and 3 moved

Immediately from making a mock-up to maklng the prototype without any
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Tlme spent on the steD "Building a Solution"

Time (secs)
% of total time

Code Dyad 1 Dyad2 Dyad3 Dyad4 Dyad 5

PPR 0 72 0 12 31
0 3.87 0 0.33 1.02

MPR 185 381 95 195 311
9.48 20.47 12.75 5.29 10.24

IPPR 0 39 40 0 0
0 2.1 5.37 0 0

• MODPR 34 585 129 636 0
1.74 31.44 17.32 17.25 0

Totals 219 10n
11.22 57.88

264
35.44

843
22.87

342
11.26

•

planning. Dyads 2. 4 and 5 spent minlmaltime on this part of the activity.

Once produclion of a prototype began (essenlially replicating the selected

mock-up) IIttle lime was spent explicitly idenlifying design problems (IPPR), but

considerable lime was spent modifying and Improving the prototype (MODPR),

that is. making design changes as making conlinued. The lime dyads spent

modifylng a protot~:pe ranged from 0% to 31.44% of lime on task, but as will be

discuseac in detail in the next chapter, most of thls lime was spent allending to
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very minor technical changes: for example. retaplng an element to make It more

secure.

Evaluatlng

For the purpose of thls study evaluating was used as an umbrella term to

Include testing, evaluatlng, and recordlng results. Testlng was deflned as the

assessment of one or more elements of a possible solution as deslgnlng

continued (TMU and TPR). Evaluatlng was defined as elther maklng declslons

while discusslng an Idea (EGEN) or a sketch (EDRAW), or the assessment of a

complete solution ln terms of the performance criteria contained in the design

brief (EMU and EPR). After ail, the crltlcal question in evaluatlon Is "Does the

proposed solution meet ail of the goals and conditions set by the problem?"

Thus, after developing a solution the designer must turn attention back to the

problem statement and check carefully to ensure that the solution satlslles II.

So, for example, an eplsode during whlch subject S7 attempls unsuccesslully to

make the base of a model tower stand and says "Maybe lts not even or

somethlng on the bottom" (Unes 860-861) was coded as testlng one element as

designing continues (TMU). Later on, when the same tower is complete and

standing, an eplsode in which subjecl S8 beglns to measure the height 01 the

tower and says "There, lt may not be as hlgh as the other one because Its sort 01

pushed down" (Unes 1030-1032) was cod~d as evaluatlng the mock-up in terms

of the design brlef (EMU), since there ls a clear verbal reference to and e.ctlon

supportlng a performance criteria contained ln the design brief, that ls, the

height of the tower ls Important and must be maxlmlzed.

ln early models of the design process, evaluatlon was descrlbed as occurrlng

as the final stage of the process. For example, ln the design process model
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proposed by the Schcûls Council Design and Craft Project (1974). one of the

ellrllest projects to survey design actlvlties ln secondary schools. "tesling" was

pial:ed at the end and only at the end of the design process. Tesling was

deflned as a "judgment of the solution in terms of the brief ... " (Schoois Council.

1974. p. 2). This reflects the Ilnear nature of early design process model,;.

As the Iterative nature of deslgnlng has been increaslngly reflected in the

models. evaluation has been seen to occur contlnuously and repeatedly

throughout. This fact is reflected in this study. where the percentage of time

spent evaluatlng ranged from 12.44% to 24.67%.

From Table 7 it can be seen that subjects spent no time at ail evaluatlng as

they dlscussed possible solutions. and only one dyad made any altemptto

evaluate a drawlng.

Dyad 2 (Idlosyncratic in a number of ways) and Dyad 3 spentllttle tlme

testing and evaluating a mock-up (0% and 2.69% respectively), but

considerable tlme testing and evaluatlng a prototype (16.71% and 19.73%

respectlvely). Dyad 3 spent no time at ailtesling a prototype. In fact. they

quickly repllcatr," the mock-up El.nd then. and only then, evaluated the prototype

in terms of the design brlef by countlng the 30 seconds it was required to stand

before measurlng Its helght.

Dyads 4 and 5 spent conslderably more lime testlng and evaluating both

mock-ups and prototypes. This Is partly explained by the factthat these two

dyads Investigated more possible solutions than the other dyads. Dyad 4 spent

12.68% of thelr tlme ln the testing and evalualion of five mock-ups and 9.35% of

thelr tlme testing and evalualing a prototype. Dyad 5 spent 11.19% of their lime

ln the testing and evaluatlor. of three mock-ups. but very Illtte lime (1.25%)

testintl and evaluating a prototype.
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Time scent on the steD "Evaluating Solutions"

Tlme (oocs)
% of total Ume

Gode Dyad 1 Dyad 2 Dyad3 Dyad4 Dyad 5

EGEN 0 0 0 0 0
0 0 0 0 0

EDRAW 0 40 0 0 0
0 2.15 0 0 0

TMU 41 0 2 251 103
2.1 0 0.27 6.82 3.39

• EMU 21::; 0 18 216 237
10.92 0 2.42 5.86 7.80

TPR 10 97 0 51 8
0.51 5.21 0 1.38 0.26

EPR 166 214 147 294 30
8.51 11.50 19.73 7.97 0.99

RRMU 0 0 0 64 0
0 0 0 1.74 0

RRPR 0 11 12 33 0
0 0.59 1.61 0.90 0

•
Totals 430 362

22.04 19.45
179

24.03
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Based on the revlew of IIterature subjects were antlclpated to make some

written recorc of the results of thelr deslgnlng. thé't Is. the helght of thelr tower.

As can be seen from Table 7 only Dyad 4 recorded ln written form the helght of

their mock-ups. However. Dyads 2. 3 and 4 recorded the height of thelr

prototype.

Question 2. What design process do Grade 7 students, worklng ln

slngle-sex dyads, use to solve a technologlcal problem?

The coding scheme developed for thls study reflects the problem-solvlng

nature of deslgnlng as descrlbed in the technology education IIterature. This

IIterature. descrlbed ln Chapter 2 and summarlzed ln Figure 1, identifies a

characterlstlc sequence of actions (Hayes, 1989) or steps in the design process:

Flndlng the problem. understandlng the problem. generating possible solutions.

modelllng a possible solution. building a solution, and evaluatlng a solution.

Not ail the steps Identlfled and descrlbed ln the i1terature are relevant to thls

study. The flrst step (flndlng the problem) Is not relevant, since subjects were

provlded wlth the problem. Hence only the remaining five steps were used as a

structure for the codlng scheme.

What Is not included ln the theoretlcal models Is an Indication of the precise

path through the steps followed bya young designer. nor the tlme devoted to

each step. In this study both of these omissions are made evldent. As

descrlbed ln Chapter 3 the actions of subjects were vldeotaped and the start

tlme of each action recorded. This allowed for the ci:tlculatlon of the tlme. In

seconds. spent by subjects on each step ln the process. Addltlonally. the

precise path through the steps. Includlng frequent tolng-and-froing between the

steps, Is made evident. These data allow for a detalled map of the path taken
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by a dyad through the design process to be drawn. The next five sections of

this chapter describe the design process, that is, the sequence of actions, used

by each of the five dyads which constituted the sample for this study.

Dyad 1 Mao Analysls

The map showing the design process used by Dyad 1 (Figure 13) shows

three distinct perlods. The first (up to 8.5% of the tlme) shows subjects reading

the design brief, drawing, and manipulating materials as they discuss a

possible solution. The second period (from 8.5% to 62.7% of the time) shows

subjects making. testing and refining a mock-up. leading to the production of a

prototype. which is abandoned. This leads to the thlrd period, (from 62.7% to

the end) during which subjecls make a second mock-up and then prototype.

Alter spendlng 49 seconds reading the design brief both subjects plcked up

a pencll and sheet of pink paper and began to sketch. At this point. reminded

by the researcher that they should work as a team, 81 began to explain to 82 a

solution. 82 responded by pointing out a constraint. which lead to a discussion

of posslbilities:

82: Can only use one sheet of paper. 175
81: Yeah, hall ... 177
82: Fold it in hall. 179
81: No. eut It in hall. 181

81 then contlnued to develop the idea by taking a sheet of pink paper and

rolllng it into a cyllnder. 82 responded by saying:

82: Yeah, need more support on the 195
bottom, so we need to eut a piece off 196
.... sort of a base. 197
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• This solution appeared acceptable to both subjects and there lollowed a period

during which they cut the paper into two. rolled and taped two cyllnders and

then attempted to join the two cylinders. There was a clear pattern 01 model­

test-reline-test-model as activity continued.

Having made and joined the two cylinders 51 returned to th& Issue 01 a

base:

51: Let's cut the bottom out. make sure
it stands.

305
306

•

He then cut and bent tabs at the bottom edge 01 the tower, attempted

unsuccesslully to stand the tower. modilied the tabs and tested the tower once

more. Continuing lack 01 success with standing the tower lead to 51

dismantling the two cylinders and attempting to stand just the lower hall of the

tower. Again there was a period 01 test-reflne-test untll the lower portion of the

tower stood. 52 then took ovel, f1tting the top section of the tower to the base.

Repeated unsuccesslul attempts to stand the tower lead 51 to use an eraser to

anchor the base to the table top. but 52 reacted by picklng up the design brlef

and remindlng 51 01 a constralnt:

52:

51:

He said you couldn't tape it he
sald, look. say IClok.. where is
it? You can't tape it down, see?
Can't tape it to the floor or
anything else.

431
432
433
435
436

Alter lurther modification 01 the tabs and unsuccesslul attempts to stand the

tower 51 observed:

51 : There's not enough weight at the
bottom.

477
478

•
51 now enlered Into a perlod of test-reflne-test during whlch he made the tabs

longer, tested the tower, made the tabs longer yet. tested the tower. and so on.
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• Finally 52 suggested that they sacrifice some height for stability:

52: We're going for the height, righl. 525
We'lI just try to eut it down and 526
see. 527

to which 51 responded:

51 : Maybe we can fold il. 529

52 insisted on his solution, leading to further discussion:

52:
51 :
52:

If we lose some of the heighl.
Yeah, shrink the thing down.
The base has to be bigger.

537
540
542

A further unsuccessful attempt to stand the tower lead 52 to pick up a new sheet

of pink paper, roll and tape it into a cone, which stood for 30 seconds. He

commented:

•
52: It's tall, it's free standing and it

won't fall. It's not as tall, but It's
tall. It's free-standing and it won't
fall.

577
578
579
580

This appeared to satisfy both subjects, for 51 indicated to the researcher that

they were "done". At the request of the researcher 51 measured the height of

the tower (280 mm), which prompted the following comments from the subjects:

51:
52:

51:

It's simple.
Not the most beautiful looking
thing.
It's not that tall either.

651
653
654
656

At which point 52 said:

52: 1think we'd Iike to do a bit more
work on il.

674
675

•

52 then began to dismantle the first prototype whlle 51 eut a sheet of pink

paper Into two and began to form a cone with one piece. There followed an

extended period during whlch 52 made a cone for the lower section of the
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•

•

tower and 51 made a cylinder with the remaining paper for the top section.

ln contrastto their earlier efforts subjects did nottest at each stage of this

modelling. Rather, they made the mock-up in its entirety, incorporating

refinements as they worked through the construction. There was no obvious

reference to testing or evaluation untilthis second mock-up was complete. Only

upon completion did subjects evaluate the mock-up, decide that it was superior

to the first and move immediately to making a second prototype.

Making a second prototype began with 51 disassembling the mock-up and

then using the two pieces as a pattern for marking and cutting the white paper,

from which they made the second prototype.

Maklng the second prototype followed the previous pattern of build-test­

refine-test-bulld untiltheir tower 425 mm high stood for the required 30

seconds.

Dvad 2 MaD Analysls

Dyad 2 were the least successful in producing a prototype which met the

performance criteria descrlbed in the design brief. Their tower was less elegant

and considerably shorter (325 mm) than those designed and built by other

dyads. Whlle Oyad 2 did ultlmately make a tower whlch stood for the required

30 seconds, thls success appeared to be a result of luck rather than planning or

thoughlful construction. This lack of success may be explalned by a comment

made by 54 after 15 minutes of trial-and-error:

54: 1saw this ln another class made 335
wlth straws. 336

It appears this subject was allemptlng to replicate a solution made with a

materlal with entlrely dlfferent characterlstics to the paper which they had been
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•

given. The pro'Jlems arising from this misconception will become evident in the

analysis of the problem-solving session which follows.

The map (Figure 14) shows that Dyad 2 began their problem-solving session

with a period of discussion and sketching. 84 took the lead and described.

using both a sketch and verbal description. a solution to 83:

84: Okay. We're going to cut it ... 163
... we can tape and we can make 174
a circle ... bend il. 175

83: RighI. 177
84: And a little tape on the sides. 179

and we, we combine it right here and 180
keep on going round. 181

80th subJects put down their pencils, and 83 picked up the sheet of white

paper. Neither subject seemed to have understood from their reading of the

design brief that the pink paper was available for them to make a mock-up and

that the white paper should be used only to make a prototype.

83 picked up the scissors, and. unsure of the direction in which to cut the

paper. began a discussion:

83:
84:
83:
84:

.... going this way?
l'm going this way or that way.
This is my way. This is your way.
You go this way.

187
189
191
194

•

At this point 83 cut off a strip of white paper. handed It to 84 who then bent and

taped It into a cylinder. 84 then pointed to his sketch on pink paper, then

pointed to the remainlng white paper and instructed 83:

84: 8tar!, star! cutting strlps out of 210
this. 211

8imultaneously 84 was cutting and bending tabs at the base of the short

cylinder in an effort to make it stand vertlcally.
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• Having eut four narrow strips from the remaining white paper. 53 then began

to tape them to the side of the base. When four had been joined subjects

engaged in a discussion about the best way to join them at the top:

54, having taped the four strips at the top, attempted unsuccessfully 10 make the

towar stand. Neither subject recognlzed that the strips of paper were too flimsy

to support thelr own mass. However, by bending the strlps they dld ultimately

remain vertical, at which point 54 began to eut more narrow strips of white

paper and suggested that they add a second set of strips to the top of the tower:

•

54:
53:
54:

53:
54:

54:

Are we going to join this?
Yeah.
What do Vou want to do? Put il.
this together Iike that?
Okay.
We'lI make a cone, tape il on lhe
outside.

Use the tape see what we can do
right. Make another one go up
like that.

264
267
269
270
272
280
281

307
308
309

54 then began to tape the new strips to the top of the tower, whlch prompted 53

to observe that the structure looked f1lmsy. When a second set of four strlps

were attached to the tower an unsuccessful attempt to stand the tower

(evaluation) lead 53 to observe:

53: Ils golng to be too wobbly. 440

•

and then later. alter several more unsuccessful attempts:

53: How are we going to do It? 454
1don't think It will stand up. 463
Its gonna fall. 464

53 then suggested a modification. He picked up a section of the remainlng

white paper, polnted to the base of the tower, and then wrapped the white paper

around the base of the tower. 54 agreed with thls modification and taped the
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• piece into position.

There now followed a series of episodes during which both subjects ben!,

squeezed, and modified the shape of the tower in an effort to make it sufficienily

rigid to stand for the requisite 30 seconds. Both subjects suggesled a variety of

modifications:

54:
53:
54:
53:
54:
53:
53:
53:

53:

Just bend il.
5quash il.
... wrap a piece of paper around.
Tape at the bottom ...
Bend it this way.
Push it down.
Make the base bigger.
Crush it like that so it
slraightens it ouI.
Do you want to make more slits in
il?

573
594
606
626
651
664
693
740
741
749
750

•
At 36 minutes, 44 seconds the tower stood for 30 seconds, foliowing which

54 measured and recorded the height (325 mm). 5ubjects agreed that they had

solved the problem:

53:
54:

We're done.
Yep.

784
785

•

Dyad 3 Mao Analysls

The map representing the design process used by Dyad 3 (Figure 15) most

cfosely reflects the theoretical map in Figure 6. There is an obvious linear

progression through the designing, beginning with a period during which

subJects discussed and sketched possible solutions. This is followed by the

making of a model, which in turn leads to the making and evaluation of a

prototype.

Dyad 3 spent 44 seconds readlng the design brief. This was immediately
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• lollowed by a period during which the subjects discussed. sketched and

modelled a possible solution. 86 began the discussion by asking:

86:

to which 85 replied:

85:

Okay. um. what kind 01 strtJ'::ture?

Okay now. We're going to need a
solid base.

145

147
148

86 picked up the sheet 01 white paper and rolled it into a cylinder. to which 85

reacted by picking up a piece 01 pink paper and pencil and saying:

85: That's not quite tall enough. Il
we could. lel's work on the drawing
first. Okay.

154
155
156

•
There lollowed a short period when both subjects were sketching. bu!: 55

soon returned to manipulating materials in order to explore a possible solution.

85. rolling into a cone the piece 01 paper on which he had been sketching,

commented:

85: A cone would be besl. 194

to which 86 fesponded:

86: How about il we make it
rectangular?

202
203

85 pointed outthat a rectangle would not be as tall as the cylinder he made

earlier. butthen he suggested culling the paper in hall. which prompted the

lollowing discussion:

•

85:

86:

85:

86:
86:

Wail. wail. wail. Um. if we cut 211
this in half. and we tighten one a 212
IIttle tlghter than the other. And 213
then we could put the tape around il. 214
Yeah. and then how do we make It 217
stand? 218
Weil. let's see. Il we cut it 220
into the cone. which is thls... 221
What happens il it doesn't stand? 223
Il It doesn't stand we have a 225
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• S5:
problem.
We can make little notches at the
bottom and they can sort of stand.

226
228
229

•

•

This appeared to both subjects to be a promising solution and there followed a

model-test-refine-model session during which the subjects divided one piece of

pink paper lengthways. rolled both pieces into cylinders. joined them and made

the ;ower stand for 30 seconds.

Having successfully stood the mock-up for 30 seconds S6 immediately

picked up the sheet of white paper and began to replicate the mock-up. There

was no pause to consider whether or not the mock-up could be improved or

whether an alternative solution might be superior.

Once started on the making of a prototype the build-test-refine-build pattern

emerged. This continued until subjects evaluated the prototype by timing the 30

seconds il was required to stand. Their problem-solving session ended with S6

recording the height of the prototype (527 mm) on a sheet of paper.

Dyad 4 Mao Analysls

The problem-solving session with Dyad 4 began with one of the sublects

(S8) reading the design brief out loud to her partner (Figure 16). Having

completed this she immediately picked up the plece of white paper. hesitated.

reread the design brief. exchanged the white paper for a sheet of pink paper

and said:

S8: Okay. l'm going to try il. 127

S8 then rolled the paper into a cylinder. taped the seam. stood the cyllnder and

measured. using imperial. its heighl. Having agreed that il was eleven inches

tall there followed a discussion as to how the height could be increased:

S8: Um. how else could we ... we can tape 165
~ 166
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• S7:
S8:
S7:
S8:

S7:

Turn il up or somelhing.
Can you. we couId cul il.
Here um.
You C'ould cul il and lhen roll
hall 01 il and roll lhe olher hall and
stick illogether to make illall.
Oh yeah. try il.

168
170
172
174
175
176
178

Subjects then eut a sheel 01 pink paper across its width, rolled and taped two

220 mm (8 1/2") long cylinders and combined lhem into a tower. When the

tower lailed to stand the lirst time S8 declared:

which she proceeded to do using scissors. There lollowed a period when both

subjects were engaged in a model-test-reline-test strategy until, at the thlrd

attempt, the tower stood lor the requisite time. Subjects then engaged in a

period 01 evaluation:

•

S8:

S7:
S8:
S7:

1just got to make it even on the
bottom.

Yeah, measure this one.
Go ahead.
Um. 15 and 1/2 inches 1 think.

201
202

210
212
214

This was lollowed immediately by a suggestion Irom S7 that they try to improve

the height:

S7: So try and make something bigger
than, this is the blggesl.

215
216

S8 meanwhile recorded the height 01 the tower using imperial measurement

(15 1/2 inches) on a plece 01 pink paper. She also remembered that she had

not recorded the height 01 the lirst mock-up and so wrote this down. She then

immediately began to discuss improving the solution, which prompted S7 to

suggest that they use the paper lengthways:

•
S8:

S7:

That's what we have, okay, how
else?
Try to make them, um, cut it that
way and we can roliit that way, the

94
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• S8:
87:

same thing,
The same thing?
Yeah and then it will be a little
taller than that one.

235
237
239
240

•

8ubjects then engaged in a period of make-test-refine-test-make as they built a

tower comprised of two cylinders, each 280 mm long. This resulted in a

successful solution, which was evaluated by 87, who then recorded the height

(21 inches) on paper. There followed immediately a further discussion about

ways to increase the height:

87: What else? 291
88: Okay, um, we could cut it in three 293

which would make il even smaller and 294
skinnier. 295

87: Four, no. Okay let's try thal. 297

There followed the first attempt to plan the making of a solution, whe" subjects

discussed the most effective direction in which to cut the paper:

87: ... try it that way 307
'cause then it will be a lot taller. 308

88: Yeal:, l'm going to measure il... 310

88 used a ruler to divit:le a sheot of paper into three equal strips before cutting,

rolling, taping and joining them. This making of a fourth n;ock-up was

characterized by a series of model-test-refinll-test episodes in an attElmptto

make a three-part tower stand. Throughoul, both subjects suggested ways to

improve the stability of the tower:

87:

88:

88:

We can cutthis and make it a fiat
bollom or something.
Um, we need some more weight on
this side ... so stick a bunch of
tape on il.
We'lI just roll it some more.

390
391
413
414
415
417

•
After exploring a number of unsuccessful modifications 87 finally became
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exasperated and said:• 87: Yeah. Guess you have to stick
with two.

457
458

88:

87:
88:

•

At Ihis point both subjects sat still. apparenlly thinking about the problem. Alter

a lew seconds. 88 began to read the design briel and suggPCJted that they could

modily the third mock-up by cutting a small amount off Ihe top cylinder and

rerolling il in Ihe opposile direction 10 make a smaller cylinder which could be

litted to Ihe lop edge. Once again subjecls engaged in a model-Iesl-reline-test

stralegy until a successlul solution was compleled. S8 look charge 01

evaluating Ihe solution by measuring Ihe height (23 1/2 inches) and recording il

on paper.

Following Ihis 88 picked up the design briel and began 10 evaluate Ihe

modilied third mock-up. which lead 10 Ihe realization Ihal they had nol abided by

ail 01 the conslrainls:

Now, do we use everything we 577
could, okay. Tower must be Iree 578
sIanding it cannot be taped to the 579
Iloor or anything else. When you 580
have linished the tower must sland 581
lor 30 seconds belore having its 582
height mAasured. Okay so il can 583
stand, um. ils nol taped to Ihe 584
lIoor. 585
Or the table. 587
The lable, um, okay and 100 589
millimelres 01 clear tape. Oh, we 590
never measured how much millimetres 591
we used. 592

S7 responded by suggesting that they remake the third mock-up

•
87:
88:

Do it over. 598
We can, yeah, we can do il over 600
again. Okay and use as less tape as 601
we need. Just to see that it can be 602
done again ... 603
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•

•

Subjects spent the next 21 minutes, 26 seconds replicating the modified version

of the third mock-up. Once again this period of time was characterized by a

series of model-test-refine-test episodes.

Upon successful completion of this replica 58 stated that they must now

make a prototype:

58: Now we have to do it with 1077
the white paper. 1078

Building a prototype began in a more planned way as 58 measured off and eut

100 mm of clear tape, which she then eut into 10 smaller strips, slicking them to

the edge of the table:

58: 50 just as you need them you just 1107
have to rip off a litlle one, okay. 1108

Subjects spent the remainder of their lime (21 minute, 02 seconds) replicaling

the modlfied third mock-up using the white paper. Subjects' actions were

characterized by a series of build-test-refine-test episodes. They began by

maklng and testing the lower cylinder, ensuring that the seam was weil taped

and that the cyllnder stood for 30 seconds. The second cyllnder was then

constructed, jolned to the base and the entlre structure tested. When it failed to

stand 58 said:

58: It's too shaky on the botlom. 1176

and proceeded to trim the botlom edge of the lower cyllnder. 57 suggested:

57: Fold It in half IIke you did 1178
before so il will be even. 1179

58 responded by pointlng to the botlom edge of the tower and said:

58: This isn't straight. 1188

and atlempted to once more trlm the botlom edge of the base. This test-refine­

test patlern contlnued until bath cyllnders were jolned and wouId stand. 58
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then eut off the top 25 mm section of the tower, handed It to 87 who rerolled and

taped it into a smah diameter cylinder ready for S8 to affix it to the top of the

tower. There followed a lengthy period of trial-and-error in whlch both subjects

made minor adjustments to the tower in order to make it stand. Both sublects

suggested modlficall.Jns:

S8: Ah, if we made It square it will 1294
stay. 1295

88: We need crisp corners. 1314
88: Maybe If we put a fiat thing on 1321

the bottom. 1322
87: Just cut the whole bottom off 1388
87: Try folding this part right there 1400

Throughout this period both subJects were constantly maklng small adjustments

to the towar ln an effort to make it stand. Much lime was spent retaping seams

or adding additlonal tape ln an effort to balance the tower. At the 73 minutes, 01

seconds time the tower stood, and 88 commented:

88:

•

• It looks pretty bad but its
standing.

87 measured the helght of the tower

1446
1447

87: 22 (Inches) 1455

whlch 88 converted to metrlc:

S8: Equals, equals 56, 55.9
centimetres. Whlch equals 559
mllIImetres.

1461
1462
1463

•

Interestingly, Dyad 4 dld not time the 30 seconds that the tower was requlred to

stand.

The design process used by Dyad 4 (Figure 16) Is d!fferent from previous

dyads in a number of ways. Flrst. It Is clearly more complex than any of the

precedlng dyads (which ln part explalns the fact that Dyad 4 spent the most
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•

•

time, 74 minutes 07 seconds, on the task). Second, Dyad 4 developed four

quite different solutions to the problem. Third, they replicated one of these in

order to confirm that it can be made using the available materials. Fourth, at no

point did either subject make any attempt to solve the problem by sketching a

solution. They either discussed a solution or manipulated materials and

modelled a solution. Vet unlike other dyads they were conscientious about

recording the test results for each solution.

Dyad 5 MaD Analysls

What is immedlately obvlous from looking at the map of the design process

used by Dyad 5 is that It contains four distinct episodes: the first three each

represent separate attempts at a solution to the problem, and the fourth the

maklng of a prototype (Figure 17).

The map shows that subjects began the deslgning session by reading the

design brief. They then dlscussed the problem and a possible solution, spent a

few moments sketching, but returned almost immediately to discussing a

solution while S10 slmultaneously rolled a sheet of paper Into a cyllnder to

iIIustrate the solution she had in mind.

S10: ... maklngapentagon. Divideit 187
up Iike in strips or ... 188

an idea which is picked up by subject S9:

S9: And then put themall together. 190

S9 suggested a different solution when she then folded the paper in half length

ways, stood it on the table and asked:

S9: Can It be higher than thls paper? 196
Cut It in half and then try and stick 197
it up. 198
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• 810 look Ihe idea lurther. suggesting Ihallhey cullhe paper inlo slrips, roll one

slrip Inlo a cyllnder as a base and Ihen lape Ihe slrips 10 Ihe base. They agreed

Ihal il was a possible solution and began 10 make Ihe mock-up.

There was very IIl1le evaluatlon al ;:'Is slage. 8ubjecls continued 10 make Ihe

mock-up until reasonably weil developed using a slralegy 01 model-tesl-reline­

model which has been evldenl in previous dyads. This Ihey conllnued 10 do

unlilll became obvious 10 Ihem Ihallhe solullon was nol going 10 be successlul.

and al lime 20 mlnules, 26 seconds subjecl 810 sald "Lel's do something

dlflerenl".

8ubjects then began to dlscuss an entlrely new solution to the problem.

They agreed that the tower needed a base but that it must be bigger and

sturdler:

• and

810: Okay. Definitely need a base. 525

101

529

543
544

546
547
548
549

553

810: a bigger base. More sturdy.

to which 89 agreed.

There lollowed a brainstorming session durlng whlch subjects threw out a

series 01 Ideas, each piggybacklng on the prevlous idea. Il began wlth 810

asking:

810: Okay then how do Vou want. how
should we have the tall part?

to which 89 replled:

89: Would a tree work? Like if we
took IIke something IIke thls and just
rolled It and then took other branches
or somethlng.

This lead 810 to suggest:

810: What If we made yeah, IIl1le rolls•



S9:

• and made it in a teepee style?

to which S9 replied:

Yeah, Iike make some rolls
bigger than others. Let's try tha!.

This prompted S10 to note that a base was not needed:

554

558
559

S10: We don't even need the base.
Everything will be leaning on each
other.

567
568
569

•

•

At this point subJects began to cut a series of strlps which they rolled into

cylinders. Once again they engaged in a pattern of model·test·refine·test untll

this solution was complete. However despile a number of refinements,

including ties around the trlpod legs and cutting tabs at the bottom edge of each

leg the tower would not stand for the required 30 seconds and so it was

abandoned.

At this point subject S10, who tended to be the "ideas" person in the dyad,

reread the design brief, looked at the first mock·up and sald:

S10: What about something simllar, 832
except ... l'm golng to do a spiral 833
thing and l'm golng to do a base. 834

Subject S9 appeared to catch onto the Idea and suggested:

S9: Do you know how those card thlngs, 854
you know how they bulld big casties 855
out of cards? 856

S10 then picked up a sheet of paper, cut off a strlp and rolled il into a cyllnder

which S9 taped. Standing the cyllnder on the table, S10 then sald:

S10: What If we ..... 863
added IIttle pleces of paper at the 866
top? 867

S9 remembered the difflcultles experienced with the first mock·up:

S9: You need a base around the bottom 869
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if you're going to put ail that weight 870
atthe top. 871

810 then eut a narrow strip, folded and taped il into a ring, which she taped as a

base to the taller cylinder.

8ubjeets then engaged in another session of model-test-refine-model as

they continued to make a tower conslsting of stacked cyllnders. This third

session was characterized by a great deal of trial-and-error. 8ubjects

completed a section of the tower, paused, reflected until one of them suggested

a modification to increase the height. For example, 810 held a fiat piece of

paper on top of the cylinder and said:

810: Try Iike a roof ... 893

to whlch subject 89 replied:

89: ... make triangles. 895

8ubJects conlinued to work in this way until a successful tower consisling of a

series of stacked cyllnders was completed, at whlch point 810 Instructed her

partner to begln maklng the prototype:

810: 8tart cutting thls stuff out of 948
.... white paper. 949

8ubjects then dlscussed how they made the parts of the mock-up and then

began to repllcate their thlrd mock-up ln order to make the prototype.

Very IIttle lime was spent testlng or evaluatlng the prototype. In fact not untll

the prototype was complete dld subjects test It to determlne whether or not It

wouId stand. However, having done 50, they proceeded to lime the 30 seconds

and then measured the height of the tower (550 mm). They made no attempt to

record the helght on paper.
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Question 3. In what sequence do students employ steps of the

design process?

Chapter 3 describEld how a coding scheme consisting 01 24 codes,

grouped into the five steps whlch underlie theoretical models of the design

process (understanding the problem, generating possible solutions, modelllng

a possible solution, building a solution, and evaluation), was developed to

analyze the design process used by subjects as they solved a technologlcal

problem.

This section of the chapter provides an analysis of the sequence ln whlch

subJects in this study employed the five steps of the design process. This

analysis first requires. for each dyad. reference to the sequence of individual

codes (Appendix J, Column 1) and secondly the translation of this sequence of

individual codes into a sequence of steps (Appendix L). For example, ail

instances of the codes RBRF (reading the design brief), DPERF

(discussinglreferring to performance criteria). and DCONS (discussinglreferring

to constralnts) were recoded as Understand (understandlng the problem). A

complete Iist of the steps and related codes is provlded ln Appendix 1.

The recoded data was then mapped to provlde a vlsual representatlon of the

sequence in whlch subjects ln a dyad employed steps of the theoretlcal models

of the design process (Figures 18-22).

The sequence of steps employed by pyad 1

Figure 18 shows the sequence ln which Dyad 1 employed elements of

theoretical models of the design process. The map shows qulte clearly the

dominance of modelling throughout the entire period when subjects were

developing a solution. Equally clear is the Iterative relatlonship between
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evaluating and modelling. Constant evaluating is also evident as subjects build

a prototype. The map also shows how Iittle time was spent at the beglnning

developing a solution by discussion or drawing and how qulckly subjects

moved to modelling in three-dimensional materials.

5ubjects began by reading the design brlef (Understand) followed by a

period during which they generated a possible solution. This step involved

subJects alternately dlscussing possible. solutions or simultaneously discusslng

and drawing or discusslng and manipulatlng materials. 52 then referred back

to the design brlef (Understand) and then both subjects began to model a

possible solution. This perlod of modelllng was characterlzed by a lengthy

sequence of alternately modelling and evaluatlng the mock-up.

After a brief reference by both subjects to the design brlef (Understand).

subjects again engaged in a period of alternately modelling and evaluatlng a

mock-up. This contlnued until both subjects agreed that the mock-up was

complete. They then made a prototype (Build) and evaluate, that Is, measured

the height of, the prototype.

At this point. having apparently completed the task, subjects were asked by

the researcher if. in fact. they were finished. To this 52 replied:

52: 1thlnk we'd Iike to do a bit more 674
work on il. 675

Both subjects then began a discussion of alternative possible solutions

(Generate). which led to a further period of modelllng a possible solution. Very

Iittle evaluation occurred during the making of thls second mock-up. Once

completed, the second mock-up was evalu<'ted, followed by a check of the

resources avallable and reference back to the design brief (Understand).

5atisfied wlth their second solution both subjects turned to maklng a second
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prototype (Sulld). This last period was again characterized by a sequence of

alternately building and evaluating until subjects declared that the task was

complete. At this point subjects measured the height of the tower (425

millimetres) but did not record the result.

The Sequence of SteDs Ernp!oyed by Dyad 2

As was noted earlier in this chapter Dyad 2 were idiosyncratic in that unlike

ail other subjects they did not model a possible solution before building a

prototype. This is shown in Figure 19 where building can be seen as the

predominant aclivity. The only Instances of modelling occurred when subjects

checked avallable resources and materials or when they abandoned a

prototype. Also evident is the consistency and frequency of evaluatlng.

After reading the design brlef (Understand) they spent a very short lime

discusslng and drawlng a possible solution (Generate). 84 then reread the

design brief (Understand) and measured off the permitted amount of tape

(Model). 8ubjects then moved directiy to building a solulion using the white

paper, that Is, making a prototype. This was followed by a brlef period of testing

(Evaluate), modifying and then discussing a drawing (Generate), before a return

to maklng a prototype (Sulld).

There followed a perlod of alternately planning and making the prototype

(Sulld). 84 referred to the amount of tape remaining whlch lead both subjects to

suspend building and return to a discussion of the solution (Generate). This

was followed by another period of building and evaluatlng. The tower did not

stand for the requlred 30 seconds and so the solution was abandoned as 84

pushed it to one side. 83 Immediately retrleved the tower, which prompted bolh

subjecls 10 discuss ways 10 improve Iheir solulion (Generale):
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• 84: Okay. Now what? 299
83: Use the pencil. 301
84: Is this our paper too? 303
83: Yeah. 305
84: Use the tape see what we can 307

do right. Make another one 308
go up Iike that. 309

84 relerred back to his original sketch but did not make changes. He picked

up the remaining white paper and began to cut more strips (Build). There

lollowed a discussion about the number 01 stri::,s raquired. Indicatlng that

subjects intend to modily the existing prototype (Build):

84:
83:
84:
83:

How much will you need?
Four
Four again?
Yep.

320
322
324
326

•

•

84 then lead a discussion while simultaneously demonstratlng ways in which

the additional strips might be lastened to the top 01 the tower (Generate). This

was accepted by 83 and both subjects engaged in a period 01 alternately

building and evaluating.

Following an unsuccesslul test 01 the prototype 83 commented:

83: 1don't think it will stand up. 463
Its gonna lall. 464

He then picked up one 01 the two remaining strips 01 white paper and suggested

a variety 01 modifications to the prototype in an attempt to increase its rigidlty

(Model). Finally subjects agreed to tape an additlonal strip of paper to the base

of the tower (Build). This was followed by 83 holding the last piece of paper

around the top of the tower (Model) and suggesting:

83: Put it up there. 508

84 ignored this as he contlnued to affix wlth tape the additional strip to the base

of the tower (Build). Having completed this successlully there lollowed a period
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whel" the subjects engaged in alternately squashing and bending the tower

(Suild) and attempting ta make it stand (Evaluate). Finally the tower stood and

53 looked at a clock on the Wé Il and began ta time the required 30 seconds

(Evaluate). At the end 01 the 30 seconds 54 picked up a tape and measured

the height 01 the tower (325 millimetres). This he told ta bath his partner and the

researchdr belore writing il on a piece 01 paper (Evaluate).

The Sequence Qf Steps EmplQyed by Dyad a
The design process employed by Dyad 3 (Figure 20) most dosely

approximates the IInear models described in the technology education IIterature

and adopted as a theoretical model lor this study (Figure 11). There is a simple

IIneai progression Irom understanding the problem to generatlng a solution.

This leads to a period 01 modelling, lollowed by building and evaluating a

solution. Evaluation does occur intermittently throughoutthe process, but

clearly notto the same extent as was seen wlth Dyads 1 and 2.

The subjeets (55 and 56) began by reading the design briel (Understand).

They then spent very little tlme discussing and drawing possible solutions

(Generate), before 55 suggested to 56 (who had picked up the sheet 01 white

paper) thalthey should model a solution belore building a prototype:

55: Selore we chop that up Ithink we 235
should testit out with sorne 01 this 236
stuff. 237

5ubjects soon settled for their lirst proposed solution, two identlcal cyllnders

joined atop one another. This took subjects very IIttle time ta model

successlully. However this period was characterized by subjects alternately

modelllng and evaluatlng.

Having successlully stood the mock-up subjects turned immediately to

110



• • •

5 - -- - -- - -

4 --- . -

3 - - ----- -- -
!

2 --_._-
Legend

5 = Evaluale

1

4 = Bulld

1 +-1-- -
3=Model

2= Generale

1 = Undersland

100908070605040302010

o l '1 "' il' l , i , l '1 i i

o
Tlme (cumulative %)

Figure 20. Sequence of steps empfoyed by dyad 3



•

•

•

making a prototype (Suild). This period was characterized by a build-evaluate­

build Iteration. 56 completed the task by measuring and recordlng on paper

(Evaluate) the height of the tower (527 millimetres).

The Seguençe Qf Steps EmplQyed by Dyad 4

Figure 21 shows that Dyad 4, Iike the three prevlous dyads, spent very litlle

time generating a solution by drawing or discussion, but moved very qulckly to

modelling a solution. Equaily striklng is the amount of tlme Dyad 4 spent

evaluating, both while modelling and building.

After reading the design brief (Understand) Dyad 4 qulckly generated,

modeiled and evaluated a solution. They then dlscussed a second solution

(Generate) whlch was again qulckly modeiled and evaluatqd. A further

discussion (Generate) lead to a thlrd solution. whlch was modeiled and

evaluated. This evaluation occurred constantly throughout the construction.

A fourth solution was then proposed (Generate) which took a considerable

time to modal. This period was agaln characterlzed by a model-evaluate-model

Iteration. This fourth solution was unsuccessfulln that subjects could nol get il

to stand for the required 30 seconds, and so It was abandoned.

At thls point the subJects returned to their thlrd mock-up and declded to

modify ils design. This period was agaln characterlzed by a model-evaluate­

model sequence. At the successful completion of thls stage, sa reread the

design brlef and realized that they had exceeded one of the constraints (a

maximum of 100 mllIImetres of clear tape). At thls point subjects declded to

repeat the thlrd mock-up. Agaln this perlod Is characterized by a model­

evaluate-model sequence.

5uccessful completlon of this fifth mock-up lead the subjects to begln
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construction of a prototype. This entire perlod consisted of a build-evaluate­

build sequence untll eventually the prototype stood for the required 30 seconds.

Atthls stage 8a measured the height of the tower (550 millimetres) and

recorded the result on a piece of paper (Evaluating).

The Sequence of S'eDs EmDloyed by Dyad Il

The most strlking aspect of Figure 22, whlch shows the sequence of

elements employed by Dyad 5, Is the very large proportion of thelr lime devoted

to modelllng. Once again It Is clear that subjects spent very IIllle lime

generatlng solutions either by drawing and discussion but moved very qulckly

to modelllng, that Is, uslng three-dlmensional materials to develop thelr ideas. It

is also clear that Dyad 5 evaluated throughoutthe tlme that they were modelllng

three dlfferent solutions. What is also strlking is the relatlvely short amount of

time devoted to building a prototype.

8ubjects 89 and 810 began by reading the design brlef (Understand). They

then spent a short time discusslng and drawlng possible solutions (Generate)

before modelllng their first mock-up. Unlike other dyads subjects took tlme to

plan each stage of this modelling. Whlle modelllng subjects were constantly

evaluatlng.

Alter a number of unsuccessful allempts to make the tower stand 810

suggested:

810: Let's do something different.

89 agreed with this and thelr first mock-up was abandoned.

up a new sheet of pink paper, 89 suggested:

89: You know what? We should try
uslng the minimum amount of tape when
we bulld our practice one.
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8ublects engaged in discussion, made drawings and manipulated materlals as

they explored ideas (Generate).

8atisfied with a new solution they began to make a second mock-up (Model).

There followed a period during which subjects consistently used a model­

evaluate-model sequence to arrive at a second mock-up. This came to an end

when they were unable to make the tower stand for the requlred 30 seconds

(Evaluate). At this point 810 reread the design brlef (Understand) and

suggested:

81 a What about somethlng simllar 832
except l'm golng to do a spiral 833
thlng and l'm golng to do a base. 834

8he explained her Idea to 89 by cutting off a strlp of pink paper and rolllng It

Into a cyllnder (Generate). When completed she stood the cylinder (Evaluate),

after which both subjects sat quletly until 89 began to dlscuss a thlrd solution

(Generate). 810 plcked up the Idea and described a third possible solution

(Generate). 8ubjects then model-evaluate-model a thlrd solution. When this

successful solution, taller that elther of the prevlous two, stood for the requlred

30 seconds both subjects began to make a replica in white paper, that Is, the

prototype (Bulld).

The early stages of building a solution show subjects alternateiy planning

and maklng the prototype (Bulld). This was foliowed by a short test

(Evaluation), which (ead to completion of the prototype and a final evaluatlon

when subjects stood the tower, timed the requlred 30 seconds and measured

the height of the tower (550 mlllimetres). Nelther subject recorded on paper the

height of the tower.
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Question 4. How do the strategies used by students dlffer from

those ln theoretlcal models of the design process?

The technologlcal task provided to subjects in this study required them to

engage in live steps 01 the design process: understanding the problem,

generating possible solutions, modelllng a possible solution, building a

solution, and evaluatlng a solution. Understandlng the problem involved, in this

case, subjects readlng a design briel provided by the researcher. Generatlng

possible solutions was anticlpated to Involve subjects in discussion and

sketchlng several altGrnative solutions. Modelllng a possible solution would

require subjects to glve three-dimenslonal reallty to one 01 the solutions they

had sketched. Building a solution would requlre subjects to repllcate a

successlul model. Evaluatlng requlred maklng judgments about the success 01

a solution uslng performance criteria contalned ln the design brlel. In the

theoretical model evaluatlng Is seen to occur on three separate occasions: afler

several possible solutions have been generated, upon completion 01 a model,

and flnally when a prototype has been bull!.

An analysls of the way ln whlch design strategies used by subjects in this

study dlffer from those ln a theoretlcal model 01 the design process Is made

possible by vlsually comparlng a map of the subjects' strategy wlth a map of the

theoretlcal model.

A ComDarlson Between the Strategy Vsed by pyad 1 and.Jhe

Theoretlcal Model

As predlcted by the theoretical model Dyad 1 first spent tlme understanding

the problem (reading the design brlef) before beglnnlng to discuss and sketch

possible solutions (Figure 23). Clearly subjects did not spend as much tlme as
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predicted sketching (generating possible solutions). Subjects did not develop

detailed sketches of several possible solutions. In fact they produced only one

partlally completed sketch before beginning to model.

Modelling remains a domInant strand throughout most of their problem­

solvlng session. Several references are made to the design brief during this

tlme.

Once a satlsfactory model had been completed subjects spent a shorter than

predlcted amount of tlme building a solution. Once complete the success of the

solution was judged agalnst performance criteria contained in the design brlef.

A striking difference between the strategy used by Dyad 1 and the theoretlcal

modells the amount of time subjects spent evaluatlng thelr solution. Clearly

subjects were constantly evaiuating while both modelling thelr first solution and

building a prototype. However, they did not evaluate the second mock-up until

Il was completed. And unlike the prediction of the theoretlcal model, whlch

suggests that evaluatlon occurs only at the end of modelling, subjects in Dyad 1

were evaluatlng both throughout the entlre lime they were modelling and

building a prototype.

A Comparlson Between the Strategy Used by Dyad 2 and the

Theoretlcal Model

Figure 24 hlghlights the Idlosyncratlc strategy used by Dyad 2 to whlch

reference has been made several limes ln thls chapter. Having read the design

brlef subJects sketched one possible solution. They then moved Immedlately

(elther deliberately or Inadvertenliy) to building a prototype. wlthout any attempt

to model a solution. They omltted completely the modelling step.

The early stages of building a prototype were punctuated by several very
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brlel periods 01 sketching. but these involved additions to the original sketch,

rather than completely new ideas. In other words. there was several modest

attempts to rellne the same idea.

As can be seen subjects did engage ln some model building. but this was not

an Integral part of thelr work. Occaslonally one or other subject would attempt

to explain a relinement by almost casually plcklng up a piece 01 material and

bending il or shaplng it in an attempt to enhance the current solution.

What is avldent however is subjects' frequent evaluation 01 the prototype as it

was belng developed. Evaluation occurred throughout the entlre process 01

building a prototype and a clear pattern 01 build-evalullte-build can be seen.

A Comparlson Between the StmteaY Vsed by Dyad 3 and the

Theoretlcal Mode!

The strategy used by Dyad 3 most closely approxlmates the theoretical

model (Figure 25). Subjects began by readlng the design briel before

sketchlng and discusslng one possible solution. Note that the amount of time

spent discusslng and sketchlng possible solutions is signlficantly shorter than in

the theoretical modal. No attempt was made to sketch several possible

solutions.

A relatively short time was spent modelling, perhaps because only one

simple Idea was explored. Subjects evaluateo theïr model on three occasions,

but not once it was complete.

Havlng successfully completed a model subjects bulit a prototype, evaluating

several times durlng its construction.
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A Cornparlson Between the Strategy Vsed by Dyad 4 and the

Theoretlcal Model

The strategy used by subjects in Dyad 4 is clearly more complex than

suggested by the theoretical model (Figure 26). As described earlier in the

chapter subjects modelled four ditlerent ideas before returning to improve

model three. When this was complete they realized that they had not ablded by

one of the constraints (using a maximum of 100 millimetres of tape) and so

decided to replicate the improved version of model three using only the

permitted materlals.

Although there are five separate instances of subjects discusslng and

sketching a possible solution each is very short. Much more time Is spent

explorlng possible solutions by modelling in three-dimensional materials. It can

be seen that each perlod of modelling was preceded by a very short perio.:! of

generatlng Ideas by discussion and sketching. Subjects in Dyad 4 also made

five references back to the design brief while modelling.

Notable agaln is the frequency wlth whlch subjects evaluate their progress

toward a solution. Subjects were alternately modelling and evaluatlng or

building and evaluatlng throughout the entire tlme.

123



•
,

, .

~l~

I
l,. 1__.. llOItAiICIII

t
':::·=.-
,.0-".__.......
'.~"'D'IIblIfII

--------- -

..

0---·- -_._- -~--.

o 10 20 '" .. .. .. .. .. 'CO

s' - ---• .-

J •• -

Im.l~""

Map of the llvo·stop Iheorelical dos!gn proœss used ln lhls siudy

--------
---------

~ - - .

,,-

0-··,
" " '" .. .. ..

i......,
,...............-.........-

.. .. .. 'co

•

Sequence of Siops employed by dyad 4

Figure 26. A comparlson between the strategy used by Dyad 4 and the

theoretical model

124



•

•

•

A Comparlson Between the Strategy Vsed by Dyad 5 and the

Theoretlcal Mode!

A very clear pattern is evidE:>r',t to descrlbe the strategy used by Dyad 5

(Figure 27). After reading the design brief subjects spenttime discussing and

sketchlng a first possible solution. This was then modelled and evaluated.

Note that very IIttle evaluatlon occurred while modelling was in progress. There

then followed a second period of discussion, sketching and modelling.

Evaluation occurred throughout thls second perlod of modelling. A third short

perlod of discussion and sketch, j was followed by modelling another solution.

Some evaluatlon occurred during the early stages of this thlrd perlod of

modelling but very i1ttle ln the latter stages.

Having agreed that the third solution was the best, subjects bu!!t a prototype.

It Is notable that subjects ln Dyad 5 spent much less time building a prototype

than subjects in prevlous dyads. Very lItt1e evaluatlon occurred while building

the prototype, but a short perlod of evaiuatlon occurred at the end.
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Summary

This chapter has reported the data collected from the observation of ten

Grade 7 students. grouped Into five slngle-sex dyads. as they developed a

solution to a technologlcal problem.

An analysls of the steps of the theoretlcal models of the design process

whlch are present ln students' strategies (Question 1) showed that subjects

spent an average of 4.76% of their lime understanding the problem. 9.36%

generating possible solutions, 37.62% modelllng a possible solution, 27.73%

building a solution, and 20.53% evalualing solutions. Both modelllng and

evaluatlon consumed signlficantly more time than predlcted by theoretlcal

models. whlle generatlng possible solutions (by discussion and sketchlng)

slgnlflcantiy Jess tlme than predicted.

Question 2 requlred the production and description of a map for each dyad to

descrlbe their design process. Each map plotted the tlme devot3d to. and

sequence of, 24 emplrlcally derived codes whlch together descrlbe a design

process. Analysls showed that subjects employed a design process more

complex. fragmented and Iterative than suggested by theoretlcal models.

Question 3 focussed on the sequence ln whlch subjects employed steps of

the design process. To accompllsh thls analysis new maps were generated

whlch showed the sequence of steps (rather than the sequence of Individual

codes) employed by each dyad. These new maps made evldent the frequency

wlth whlch subjects evaluate both models and prototypes. Subjects were found

to frequently adopt a model-test-reflne-modellteratlon during the modelllng step

and a bulld-test-bulld Iteration durlng the building of a prototype step.

The dlfferences between strategies used by subjects and that descrlbed ln

theoretlcal models was the focus of Question 4. These dlfferences were once
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again made evident by visually comparing the maps for the five dyads with a

map of the theoretlcal modal. The most slgnificant differences between the

empirical and theoretlcal maps included (al the significanlly smaller amount of

time spent by subjects discussing and sketching solutions, (bl the significantly

longer tlme devoted to modelling, and (cl the frequency and consistency of

evaluatlon.

The final chapler in this study will discuss these results and draw some

conclusions about the design process used by the subjecls. Some implicalions

for the teaching of technology, and recommendalions for further research will be

presented.
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CHAPTER 5: DISCUSSION

"Design. like scIence or scholarship, is the product of a distinctive

kind of activlty and Is governed by a distinctive capacity of mind. "

(Roberts. P., Archer, B., & Baynes, K. , 1992, p.3)

Overvlew of the Study

A model of the design process to be used by students to solve a

technological problem is included in most textbooks used in technology

education. Early versions of these models, derived theoretically rather than

empirically, were algorlthmic, recommending that a student work steadily and

sequentlally through a series of steps. Later models contalned feedback (oops.

whlch IInked the evaluatlon of a final product ta the Initiai identification and

description of the problem.

Only quite recentiy has research begun to produce models of the design

process based on empirical data derlved from the observation of students as

they engaged in deslgnlng and making products (Johnsey, 1995a; Kimbell et

al., 1991: Roden, 1995). These most recent models reflect the heurlstic nature

of the aet of deslgnlng, notlng that designing requlres a set of skills whlch may

be utilized at various tlmes and in various sequences as the designer works

from Identlfylng a problem ta produelng a solution. This pauclty of emplrlcally

derlved models led ta the general research question underlylng this study:

What design process do students, who have recelved no prier instruction, use ta

solve a technological problem?

The design process models described in the teehnology education IIteratûre

have provlded a slgnificant portion of the theoretlcal base for thls study.
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However the study has also drawn on other areas of knowledge and research.

ln particular, il has applied a general problem-solving model and elements of

both multiple-case study and protocol analysis methodologies. The general

problem-solving model provided a framework for thinking about the way in

which subjects solved a technologlcal problem, while a multiple-case study and

protocol analysis methodology provided relevant data.

The design process model used as a theoretical basis for this study

contained live steps: lInderstanding the problem, generating possible solutions,

modelling a solution. building a solution. and evaluating a solution. SubJects

were given a task which. according to the technology education Iiterature,

would require them to engage in each of these live steps. Protocols made from

both video and audio recordlngs of subjects' designing were coded using an

empirically derived scheme. Codes describing subfects' designlng-in-action

were identified and a series of maps made evident the design process used by

subjects.

The results obtained. and described previously. will be discussed in the four

ser.tions of this chapter, using as headings the research questions which

guided this study. The significance of the study, both in terms of the theory

which underlles technology education and its practice in classrooms, will be

addressed. The chapter will end with an acknowledgement of the limitations of

the study and recommendations for further research.

Question 1. Whlch steps contalned ln theoretlcal models of the

design process are present ln student strategies?

This study arose out of the researcher's observation that students, when left

to their own devlces in an environment rlch in three-dimensional materials,
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frequently resolve a teclmological problem in unique and creative ways.

Further, the steps they follow to achleve a solution do not conform, elther in

number or sequence, to those described in the technology education IIterature

or school textbooks. Hence the first research question addressed in this study

allowed an investigation, in a hollstlc way, of the design process, that Is, the

sequence of steps, used by Grade 7 students to solve a technological problem.

According to the Iiterature (described in Chapter 2) subjects could be

antlcipated to follow a typical sequence of steps in moving from the problem

statement to a solution: understanding the problem, generating possible

solutions, modelling a possible solution, building a solution, and evaluatlng the

solution.

The next section of this chapter will discuss the results contained in Chapter

4 as they pertain to each of these five steps.

Understandlng the problem

The design brief given to the subJects clearly set out the problem to be

solved: Uslng one sheet of 220 x 280 mm white paper and 100 mm of clear

tape, construct the tallest possible tower that will stand for thlrty seconds.

If sUbJects had been asked to thlnk aloud as they read the problem we might

expect to find, as Hayes (1989) suggests "that thelr reading ... reflected a

whirlwind of internai actlvitles - lmaging, inferencing, decision maklng, and

retrievlng of knowledge from memory - actlvltles which are directed toward

understandlng the problem" (p. 5). Further, in thelr efforts to Increase

understandlng of the problem we could also reasonably expect to observe

subJects readlng the problem several tlmes, pausing over any challenglng

parts. Yet thls dld not happen. Wlth the exception of Dyad 4, ln which S8 read
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the design brief out loud to her partner, ail subjects read silently through the

design brief just once before moving to generatlng possible solutions. When

asked If there were any questions about the design brief ail subjects except S5,

who wanted to know If a microphone stand could be used in the solution, and

S2 and S10 who requested confirmation that ail the materlals on the table were

available to them for their probiem solvlng, answered "No". SubJects moved

very qulckly to solution generation. SubJects did not appreclate the importance

of analyzing and focussing on the problem before "jumping stralght ta design

ideas" (Harding, 1995, p. 19). This finding is supported by research on

experVnovice problem solving, which has shawn that at the beginning of a

problem-solving episade experts spend more tlme attemptlng ta "understand"

the problem, whereas novices move more qulckly ta solution generatlon (Chi,

Glaser, &Farr, 1988; Stewart &Van Kirk, 1990). Vet the designer needs to be

sure of exactly what it Is they are being asked ta do. The fact that Dyad 2 dld not

model any solutions using the materials provided for that step, but moved

immedlately ta using the materlals intended for building a prototype provldes

evidence of the dlfficulties whlch may be encountered when the novice

designer does not take the tlme ta carefully read and thoughtfully Interpret a

design brlef. Students ln school must be taught and encouraged ta spend tlme

thinklng about and dlscusslng exactly what is ta be achleved.

Generatlng Possible Solutions

As Cross (1994) has sa elegantly stated "the generation of solutions Is, of

course, the essentlal, central aspect of designing ... the whole purpose of

design Is ta make a proposai for samethlng new - samething whlch does not yet

exist" (p. 105). The UK National Curriculum emphaslzes that "children should
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be laughl to 'generate ideas' and this is surely at the heart of design"

(Department for Education. 1995. p. 2).

Analysis of the way in which subjects in this study generated possible

solutions has made evident four characteristic behaviours: (a) their previous

knowledge is drawn on ln order to generate solutions; (b) sketching is not a

method by which subJects intuitively explore solutions; (c) discussion between

subjects plays a major role in the clarification of ideas; and (d) subjects rely

heavlly on simultaneously discussing a solution whlle manipulating materials.

According to Hayes (1989) "il is a very rare event for a person to solve a

problem without making sorne use of their own knowledge of ... the world" (p.

51). There is evidence from this study to support the findings of Kimbell,

Stables. and Green (1995) that when subjects are generating solutions

"previous knowledge is drawn on and developed in new contexts" (p. 34). and

"as soon as we begin to perceive the outline of a task, pictures or images of

solutions start to appear in our minds" (Kelly, Klmbell. Patterson. Saxton. &

Stables. 1987. p. 12). For example. when asked. durlng a retrospective

interview. about their first thoughts and to describe any pictures which entered

their heads after reading the design brief one subject replied in the following

way:

S9: l, 1thought of the CN Tower 45
because it's a free-standlng structure 46

Her parlner's response to the same question was:

S10; High sky buildings. High-rises. 82

S3 al50 made reference 10 the CN Tower.

Nol only did subjects make use of previous knowledge gained prior to

beginnlng the task. but there is clear evidence that subjects utilized knowledge
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gained from successful experiences durlng the task. For example. Dyad 4 bulit

thelr second tower by cutting a sheet of paper lengthways. rolling two cyllnders

and lolning them end-to-end to create a tower 21 inches tall. Having recorded

the helght on paper the following task talk occurs:

S7: What else? 291
S8: 01<. um we could eut it ln three. 293

S8 is suggesting that they could adopt the same idea (cyllnders atop one

another) but that three will be taller than two.

Wlthout exception design process models contalned in the technology

education IIterature Include a step durlng whlch the student must sketch and

evaluate several possible solutions (i.e.• design proposais) prlor to any attempt

at modelling in three-dlmenslonal materials. In other words. not only should

students explore and develop early ideas through the medium of sketchlng. but

they should develop a range of possible solutions from which they can

subsequently select the most promising. This Importance of sketchlng Ideas. of

creatlng "external representatlons" (Hayes. 1989. p. 5) of a possible solution Is

a point of agreement ln ail design process models. The utility of sketchlng ideas

is descrlbgd by Schën (1987). who points out that whlle "the act of drawing can

be rapid and spontaneous ... the resldual traces are stable. The designer can

examine them at leisure ... The designer can ... thlnk about what he [~lls

dolng; and events that would take a long tlme ln the bulit world ... can be made

to 'happen' Immediately in the drawlng" (p. 75).

Cross (1994) describes how when professlonal designers are asked to

dlscuss thelr abilitles. and to explain how they work. they identlfy "the need to

use sketches ... as a way to explore the problem" (p. 17). Cross (1994) quotes

the engineering designer Jack Howe. who has sald that. when uncertaln how to
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proceed "1 draw something. Even Il it's 'potty'. 1draw il. The act 01 drawing

seems to clarily my thoughts" (p. 17). Sketching possible solutions is a critical

and necessary step in the gencration 01 design solutions.

Table 4 lIIustrated how Uttle time subjects in this study devoted to generating

possible solutions either by sketchlng or discussion prlor to modelllng a

possible solution. As will be dlscussed later in this chapter the prelerred

strategy used by subJects to develop their ideas was to model in three­

dimensional lorm.

Sketching played an especlally small part in the development 01 a solution

(Table 4). Nor was sketching viewed as a necessary first step in the

development 01 a solution. For example S6. having read the design briel.

immediat'lly asked "How are we going to construct it?" (Unes 109·11 0).

Presumably i1 was some image ln the subject's "mind's eye" whlch he wanted to

model immedlately. Equally clear Is that, for this subJect. there was no

recognition of the need to explore and evaluate the merlts 01 several possible

solutions. il being singular.

SubJects S3. S4 and S5 did make perfunctory attempts at sketching a

solution, but these were quickly discarded in favour of exploring possible

solutions by manipulatlng materials. This Jack of importance ascrlbed to

sketching is further supported by the actions of S5 who. after making an

incomplete sketch on a sheet of pink paper. Immediately began to use the same

paper to model and explain an idea to his partner. When asked during the

retrospective interview why he not only stopped sketching but used the sheet of

paper on which he had sketched to model the Idea, he repUed:

S5: Weil. 1was drawing and then 1 230
thought that um, weil thls Isn't 231
working very weil. Let's see what 1 233
try to figure out what 1can do. So 234
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• um. 1started foollng around with the 235
paper and 1completely forgot about 236
the drawing. 237

However. the issue may not be that the subjects did not recognlze the

usefulness of sketchlng. but that they did not have the sklIIs to elther sketch

Ideas effectively or use sketches to make declsions. The followlng excerpt Irom

the retrospectlve interview with Dyad 2 lIIustrates thls point:

R: Alrlgh!. [54]. you rlght there 164
took pink paper for yourself and gave 165
one to [53]. Why did you do that? 166

54: Oh, ,'cause you sald we could only 168
use white paper so 1thought the pink 169
we could IIke draw our Ideas. 170

R: Okay, so your Initiai. your first 172
thought was that we belter draw some 173
ideas. 174

54: Yeah, before we start anythlng. 176
R: Alrlght. [53] can you thlnk what. 178

can you remember what your firs!. what 179• dld you thlnk you had to do lirst? 180
What were you planning to do 181
immedlately? 182

53: We have to, ah, make the base 184
firs!. cause ah. the top part wouId be 185
hard IIke but we had to um. draw It to 186
get some klnd 01 Idea. 187

But then later:

R: Can you remember [53]. how many 232
Ideas. dlfferent Ideas you had ln your 233
mlnd at thls partlcular point? 234

53: Ah. 1had a couple of Ideas but 236
just drew one. 237

R: Can you tell me why you declded to 239
just draw one? 240

53: Ah. cause when 1drew It. when 1 242
draw too many then it gets confuslng. 243

R: Okay. 245
54: Yeah, it's klnd 01 IIke you have to 247

plck whlch one you want and then you 248
might get conlused. 249• 136
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Equally evldent Is the fact that subjects did not generate a range of possible

solutions from which they could choose the one with the most potential for a

satlslactory solution. For example. during the retrospective interview the

lollowing response was given to the researcher's question "What were your first

thoughts after you had read the design briel?"

83: 1just thought 01 stuff like how to 117
make il. 1was already thinking 118
about. like what klnd 01 ideas should 119
1star! with. 120

R: Umm hum. Can you remember what 122
some 01 those ideas were? 123

83: Weil the first one that popped 125
into my mind was thls one. 126

R: Okay. The one that you drew. 128
83: Yeh. 130
R: Alrighl. 132
83: And then after 1said Okay. 134

that looks. like. good. 1don't think 1 135
have to do anythlng else to il. 136

ln ail cases subjects proposed and developed one solution belore setting

this aside and apparently starting at the beglnning. that Is. thlnking up a next

solution. Interestlngly, this next solution was Irequently a modification and

extension of the first.

A small number 01 empirical studles have provided evidence that this

strategy Is also true for expert designers (Oarke, 1979; Eastman, 1970). Oarke

(1979) proposed, based on a study of six prolesslonal architects, a generator­

conjecture-analysis model. Early ln the process 01 deslgnlng a simple idea. or

prlmary generator. Is used to narrow the range of possible solutions. This

prlmary generator Is subsequently used as a basls for further exploration of the

problem. Oarke goes on to speculate that once an initiai concept has been

generated it is tested agalnst varlous constralnts and requirements and

137



•

•

modilied as necessary.

The importance 01 sketching ideas is not diminished by the evidence that

neither expert nor novice designers begin by sketching several possible

solutions. The evidence Irom this study suggests that il is probably unrealistic to

expect untutored designers to either sketch or generate several different

solutions prior to modelling one 01 them in three-dimensional lorm.

The data also suggestthat students must be encouraged to become more

deliberate in their thinking and to record their ideas by sketching. They must be

taught how to think abouttheir ideas careluliy and to work them out wilh greater

precision. rather than adopttheir lirst or most obvious idea.

Discussion played a very signilicant raie in subjects' allempts to generate a

solution and appeared to provide an inlormal and supportive way lor subjects to

develop their ideas. Table 4 showed that subJeets spent approximately lour

tlmes longer discussing solutions than silently sketching them and thatthe vast

majorily 01 their tlme spent sketching Involved simultaneously sketching and

dlscusslng a solution. An example 01 subjects explorlng possible solutions via

discussion is provided by the loliowing excerpt 01 the task talk between 89 and

810:

•

810:

89:

810:

89:
810:

89:

Okay, then how do you want. how
should we have the tali part?
Would a tree work? L1ke Il we
took Iike somethlng Iike thls and just
rolied il and then took the other branches
or somethlng.
Yeah. um.um.
What Il we made yeah, Iillie rolis
and made It in a teepee style?
Yeah. totem pole Iike.
Yeah. justlike make some rolis
bigger than others. Let's try tha!.
Okay. l'II eut
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Il appears that students need IIttle encouragement to talk about their ideas. It

is important to permit thls. for as the Department for Education in the UK suggest

"by talklng about the quallty of their own work and the work of others chlldren

leam to evaluate" (Department for Education. n.d.• no page). However. It

appears students must be taught to use sketches to clarity and show detalls of

their design thlnking. This approach is supported by Schôn (1987) who wrote

"drawing and tali<ing make the deslgner's thinking accessible" (p. 80).

Simultaneously dlscusslng and manlpulating materlals was also a preferred

strategy of subjects. Often the verbal descriptions of a solution by a subject to

their partner was accompanied by the bending or foldlng of a sheet of paper.

The data suggests that this Is an important strategy for students as they attempt

to clarify. explore and communicate their ideas. In other words. It appears that it

is not appropriate to require students to only think about and/or sketch solutions.

It appears they must be glven the opportunlty. indeed encouraged. to explore

thelr ideas uslng not just the two-dimenslonal modelllng techniques (sketchlng)

but also three-dlmenslonal modelling.

Modellinq a Possible Solution

Modelhng in aliits forms (two-dlmenslonal. three-dlmenslonal. mathematical.

and computer) Is an essential feature of deslgnlng and making (Murray. 1992;

Smith. 1993). Modelling not only makes ideas more accessible to oneself and

others. but facllitates testing and evaluatlon. which can lead to refinement and

the development of further ideas.

The theoretical model of the design process predlcts that modelling ln three­

dlmenslonal form will occur mmr students have generated and recorded in

graphical form several possible solutions. Like sketchlng. modelling is intended
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to externaUze Ideas but in three-dimensional form. As L1ddament (1993) has

described "[three-dimensional] models are intended to take information in some

less developed form (e.g., notes, sketches. or ideas ln the head) in order to

develop or refine this information in various ways. thus renderlng It more

accessible or intelligible" (p. 92).

Subjects in this study used three-dimensional modelling in a number of

ways: to transform a two-dimensional model, that is, a sketch, lnto a three­

dimensional form: to externalize a cognitive model; to fuelldeas for further

cognitive modelling, which then needed to be tried out in concrete form; and to

evaluate a solution.

Table 5 showed that subjects spent, on average, less than one percent of

thelr time planning prior to making a modal. However, it wouId be unwise to

assume. based on these data. that planning was not occurring. Whlle very Uttle

overt evidence. either in the form of task talk or actions, provided data for this

actlvity, it seems plausible to suggest that subJects were planning what to do

next as they were modelling.

As described earlier subjects in this study spent very Uttle time externaUzlng

thelr cognitive modelling by making sketches. Figures 13-17 show that subJects

moved very quickly to modelling in three-dimensional form. In other words.

subjects did not use modelling to further develo~ some "Iess-developed formOl.

but rather to "originate [and] develop .., their ideas' (Evans &Wormald, 1993, p.

97). Modelling replaced sketching as a way for subjects to generate ideas.

Table 2 showed that. on average, far more time was spent modelling than on

any other step in the design process. This evldence suggests that lt may be

unreasonable to expect modelling to occur only after one or more design Ideas

have been generated and sketched. It appears that simultaneously generating
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Ideas and modelling was an important strategy for subjects. Modelling was

clearly an important aid to subjects' thinking about a solution. Concrete

modelling appeared to fuel ideas for further cognitive modelling, which were

then ln turn tried out in concrete form.

Little tlme was spent planning. Vet planning, "the process of thinking before

acting" (Hayes, 1989, p. 58) is critical if designing is to be a predictive rather

!han a trial-and-error process. As Johnsey (1995a) has also observed subjects

were anxlous to begin making even before they had clarifled their ideas about

what to make and how best this mlght be achieved. This led to a considerable

amount of designlng by trial-and-error. But as Harrison (1992) has polnted out

"part of technological capabillty is being able to design in a predictive way,

rather than by trial-and-error" (p. 35).

Perhaps, as Barlex (1995) has commented, "It [isl far more valuabie to learn

by making mlstakes than to follow a formula and learn less" (p. 7). The

evidence from thls study also suggests that subjects did not have the skills or

knowledge to enable predictive designing to take place. As Harrison (1992)

suggests. "modelling in three-dihlensions in a range of materials [may bel an

important way to establish the skllls which would, in the future, allow predictive

designlng" (p. 35). The rlchness of this experience for the student was

described by Johnsey (1995a) when he wrote "this early interaction wlth

materlals means the student Is simultaneously researchlng the problem,

generating solutions, learning tools skllls and qualitles of materials" (p. 19).

The maps shown in Figures 13-17 aise make evldent the large percentage of

their time subjects spent modelling. This Included Ume spent manlpulating

materials to explore one element of a possible solution, making or refining a

mock-up, and checking avallable resources and materials..
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Clearly the "hands-on" approach was the preferred strategy of these

untutored designers as they explored ideas and developed a solution. Kimbell

et al., (1995) also found that "the driving force behind the activlty [of deslgning]

is the making, with planning and evaluating happening throughout but in a

short-term, responslve way" (p. 32).

The data also suggest that seeing an Idea translated into a three­

dlmenslonal model stlmulates additional idea generatlon. For example, 89 and

810 are sitting silently looking at a prevlous model conslstlng of a sheet of

paper rolled Into a cyllnder. The following task talk then occurs:

89: Do you know how those card thlngs, 854
you know how they build big casties out 855
of cards? 856

810 holds a piece of paper on top of the cyllnder from a previous model and

says:

•

• 810:

89:

What if we dld something IIke cut
that IIke that and then put a base
around il. put the base to It and
added Iittle pleces of paper at the
top. Watch, l'II show you.
You need a base around the bottom
if you're golng 10 put ail that welght
at the top.

863
864
865
866
867
869
870
871

•

89 takes a strip of paper, folds il lnto a large clrcle and fixes il to the base of the

tall, thln cyUnder.

When Dyad 4 have successfully completed a tower made by cutting a sheet

of paper Into two equal parts, rolling and taping them Into cyUnders, and joining

them end-to-end. 88 says "Okay, um. we could cut il [a sheet of paper] in three"

(Unes 293-294).

Modelling not only allowed subjects to develop new ideas, but also allowed

them to refine ideas. For example. Dyad 1 had rolled and taped two identlcal
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cyllnders and were about to make it stand. However, before this could occur 81

interrupted and said. "Let's cut the bottom out to make sure it stands" (lines

305-306). 82 then proceeded to cut and bend four tabs at the bottom edge of

the tower in order to form a base.

It appears therefore that modelling in three dimensions was a very rich

experlence for subjects. While it played a minimal role in translating two­

dimensionai models (sketches) into three-dimensional form. It was crucial for

the realization of subjects' cognitive modelling. and for encouraglng design

modifications to be an ongoing part of the process. Many other steps in the

design process may have been occurring simultaneously with modelling.

8ubjects were perhaps planning what to do next as they were completing a

modelling task. They may have been evaluatlng as modelling continued. They

may have been generatlng ideas as a result of a successful or unsuccessful

test. "Modelling [aliows] subjects to simultaneously explore, develop and

communicate aspects of their design proposais" (Department for Education,

1995, p.4).

This evidence supports Murray's (1992) view that "modelling activity is a tight

iteratlve relatlonship between imaging and modelling as deslgning and making

proceeds" (p. 38).

Building a Solytlon

For the purposes of this study building a solution involved subjects in the

construction of a "final model" (Evans. 1992) of a design proposaI. In essence

subjects were expected to repllcate thelr most successful (that Is. the tallest

tower that would stand for at least 30 seconds) working modelln a more

flnished form (a prototype). In a school selling a final modells often the end
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product of a design and make actlvity (Royal College of Art. 1995). As Harrison

(1992) has noted "most maklng in schools Is actually modelling" (p. 33).

Table 2 showed that the time spent by Indlvldual dyads building a solution

varied considerably. Dyads 1 and 5 spent the least tlme (11.22% and 11.26%

respectively). This is probably explalned by the fact that both these dyads took

great care to produce a carefully crafted model whlch met the performance

criteria contalned in the design brief. Hence building a solution Involved. for

these subjects. IIttle more than accurately repllcating the modal.

Dyads 3 and 4 however used a qulte dlfferent strategy. They spent 35.44

and 22.87 percent respect,.aly of their tlme building a solution. Whlle some of

thls time was spent slmply replicatlng a successful model, in both cases the

majorlty of the time spent on this step involved modifying and improvlng the

design of the prototype. Discussion will retum to thls point later ln thls section.

The idiosyncratlc strategy adopted by Dyad 2 has been noted prevlously,

and accounts for the fact that 31.44 percent of thelr tlme spent building a

solution was devoted to making modifications (MODPR), for thelr prototype

served as both a model (an exploration of design Ideas whlch Involved ongolng

generatlon anr:l development of ideas) and as a final model, that Is, a prototype.

Dyad 2 moved directly from generatlng possible solutions to building a solution.

No attempt was made to model a varlety of solutions using the materlals

provided speclfically for this. This explains why 57.88 percent of thelr tlme was

spent building a solution, that Is, prototyplng.

When asked, during the retrospectlve interview, why they had not used the

modelllng materlals 54 replled "1 just thought, lel's ... lust go for It" (lines 351­

352). His partner's response to the same question was "1 saw ... just one plece

of white paper ... we'lI Just use that" (lines 360-361). Clearly the opportunlty to
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explore a variety of solutions was not seen as an important part of the process

by these subjects. Nor did they read the design brief sufficiently carefully to

understand that particular materials had been provided for modelling.

Table 6 showed considerable variability in the time devoted by subJects to

modifying and improving the prototype. Several examples from the protocols

will be used to iIIustrate the point that for the most part these modifications

involved technical rather than design changes. For example, Dyad 1 spant very

IIl1le time (1.74%) making modifications while building a solution. However,

these modifications Involved technlcal changes in response to an Identified

performance problem, rather than fundamental changes to the design of the

solution.The following ex,~erpt of task talk, which occurred after their prototype

falled to stand for more than a few seconds, iIIustrates the point:

S2: Il fell,lI fell. 863
Too much of an angle. 865

S1: We have to untape this and put Il 86i
there. 868

S2 identlfied a performance problem ("Too much of an angle"), which prompted

S1 to immediately suggest a technlcal improvement ("We have to untape this

[Iower part of the cyllnder] and put it [the tape] there [lower on the cyllnder]").

Dyad 5 made no design or technical modifications while building a solution.

This testifias to both the depth of design thinking which went into the modelling

step and to the care wlth which they crafted a model. For these subjects

building a solution Involved simply the technical task of repllcating a successful

model.

Table 6 showed that whlle some of the time spent by Dyads 3 and 4 building

a solution was devoted to repllcating a model (MPR =12.75% and 5.29%

respectively), much more time was spent modifying and improving the prototype

145



(MODPR =17.32% and 17.25% respectively). This suggests that Dyads 3 and

4 had not fully worked out a satlsfactory solution prior to building the prototype.

Furthermore. this data suggests that these subjects did not view the IWo

actlvities of modelllng and building a solution as discrete steps. but that

designing. that is. generatlng and incorporating new ideas. continued untll a

satisfactory solution had been achieved.

Further examination of the transcripts shows that very lew lundamental

design changes were made during the construction 01 a prototype. Rather.

modifications involved simple technical changes: rerolling and taping a

cyllnder; repositioning a piece of tape; trimming with scissors the bottom edge of

a tower to make it fiat. For example. alter an unsuccesslul attempt to stand thelr

tower subjects in Dyad 4 engaged in the following task talk:

87: Not again. 1184
88: This Isn't straight. 1186

(referring to the bottom edge)
87: ... the bottom. have to tape the 1188

bottom. right? 1189

Clearly this is an example of the identification 01 a simple technical problem (the

bottom edge 01 the tower has not been cut fiat) and ils solution.

8ubjects in Dyad 3 provide a simllar example. When. during an attempt to

stand their cyllndrical tower for the requlsile 30 seconds. 85 sees that one part

of the cyllnder is unravelling. the following task talk occured:

85: 1don't think that's going to stay 342
very weil. Just gotta rerollit. make 343
sure that stays on. 344

86: Take off the tape. 346
85: The tape's off. 348

Then a little later:

•

•

•
85:
86:

It looks unbalanced.
It's this part now.
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(Polntlng to unravelled lower cylinder)

There was no altempt to make design modifications, but rather subjects were

dealing with purely construction details: tape that would not stick, causing a

cyllnder to unravel.

Occasionally there Is a tight. Iterative relatlonship between identifying a

problem. making mlnor technlcal changes. generating new design Ideas, and

Incorporatlng and testing those new Ideas. For example, Dyad 4 made a

number of unsuccessful altempts to stand their tower. It appears that the bottom

edge Is not fiat. S8 suddenly exclalms "Ah. If we make it square Il will stay"

(lines 1294-1295). She then creased the bottom portion of the cyllnder so that it

formed a square. Unfortunately thls also was unsuccessful, and so subjects

returned to trlmmlng the bottom edge ln an attempt to make Il fiat. When this

was agaln unsuccessful S8 returned to the design modification and said "We

need crlsp corners" (llne 1314). She then recreased the square, but agaln was

unable to make the tower stand. She then suggested a second design

modification:

S8: Maybe If we put a fiat thing on 1321
the bottom? 1322

tJut thls Idea was rejected by S7 and subjects returned to maklng mlnor

modifications, for example. retaplng joints and trlmming the bottom edg9.

Eyalyatlnq

Evaluatlng when deslgnlng and maklng in technology education Is not

conflned solely to maklng judgments about an end product (Royal College of

Art, 1995). Prlor to deslgnlng a product the designer must evaluate the needs of

the potentlal consumer. As Ideas are generated each needs to be evaluated ln
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order to make decisions about whlch should be developed further. The

designer needs to constantly evaluate progress as deslgnlng and maklng

continues. And lastly. but by no means least ln an educational context. student

designers need to be taught how to evaluate thelr learnlng.

ln this stutly evaluating was used as an umbrella term to Include four types of

activity: (a) maklng decisions while subjects discussed an Idea for a possible

solution (EGEN) or discussed a sketch of a possible solution (EDRAW), (b)

testing one element of a mock-up (TMU) or prototype (TPR), (c) evaluatlng a

mock-up or prototype ln terms of the performance criteria contalned in the

design brlef (EMU and EPR), and (d) recordlng ln wrltten form the height of the

mock-up or prototype (RRMU and RRPR).

The rapidlty wlth which subjects moved to developing and reflning ideas

using three-dimensional materlals was lIIustrated and dlscussed earller

(Figures 13-17). These also showed that. in general terms, sublects were

repeatedly and constantly evaluatlng thelr solutions from the flrst moment that

maklng began. Table 7 showed that subjects spent a IIttle over one-flfth of theIr

tlme-on-task evaluatlng ln one form or another.

It appears that models of the design process (e.g., Schools Council, 1974)

whlch include evaluatlng as a summatlve aclivlty intended to make judgments

about an end product do not reflect the strategies of untutored designers. The

data provided by this study suggest that evalualing is a recurrlng aclivlty,

startlng durlng the flrst moments a student reads a problem statement and

continulng until a solution has been submltted.

Table 7 showed that IIttle lime was spent evaluatlng Ideas as they were

dlscussed or once they had been drawn. This is not entlrely surprlslng, given

the relatlvely small amount of time devoted to these actlvltles (3.20% and 0.85%

148



• respectlvely). The one exception to this lack of evaluating durlng discussion or

while sketching occured when subJects 83 and 84 had made a base for a tower

and were deciding how many strips of paper were required to make a column.

The task talk was as foilows:

84:

83:
84:

Okay, we have to, ah, know how much
we're golng to eut the piece. Put one
in each corner or like one, two, three
four?
We'iI put one ln each corner.
80 make, make two more.

237
238
239
240
242
244

•

•

This suggests thatthe teaching of deslgning must focus on this elemen!, for

as the Department for Education in the UK suggest in a recently published

brochure for parents "by talking about ... their own work ... children learn to

evaluate" (Dapartment for Education, n.d., no page). There Is a need to focus

on not only, as suggested earlier ln this chapter, teachlng students how to

externalize thelr Ideas in the form of sketches. but for the need to crltlcaily

evaluate sketched ideas before moving to the next step, and the method for

dolng thls. 8tudents must be taughtto evaluate thelr design ideas from the first

moment these ideas begin to emerge.

Testing during modelling often lead to the identification of a design problem

and suggested refinements. For example, Dyad 5 spent several minutes

constructlng a tower which had falled to stand because Its vertical supports

were insufflciently rigld to support ils own mass:

810: Need more weight on this part. 475
(points to vertical column)

89: Yeah. 477
810: Even if we put ... why Is it tlpping 479

over? 480
Why Is it tlpping over? 482

89: It's too much welght ... 484
810: On one slde. 486
89: If we put a base around here now. 488
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The data also suggest that evaluating led to the acquisition 01 knowledge

whlch subsequently inlormed the design of a future solution. For example,

Dyad 5 abandoned their flrst solution when It would not stand because,

although the lower section was rigld. the top section was too heavy. Alter a lew

moments spent cleanlng the work space and organlzing the tools and materlals,

the followlng task talk occurred:

810: Okay: Deflnltely need a base. 525
89: Veah. 527
81 0 A blgger base. More sturdy. 529

L1ke that, much more base. 531
89: Veah. 533

Evaluating a product in terms of performance criteria contained in the design

brlef Is obviously an Important, ongolng concern for the designer. Hence it is

Important that the designer not only understand the performance criteria but that

they remain at the forefront of thinking. Evidence from thls study confirms that

even alter a single reading the performance criteria contained in the design

brief were constantly in the minds of the subJects. For example, when 82

stands the flrst model made by Dyad 1, he immedlately reacts by saying "It

seems too small" (Une 427). This suggests that he was aware that one of the

performance criteria was to buiid the tallest tower. Later, this same sublect says

to hls partner, as modelling contlnued, "We're going for the helght, right" (Une

525). 83 asks his partner "Let's see how high" (Dyad 2, line 672). When their

model stands 8a asked "Okay, so how tall is this?" (Dyad 4, iine 157). Later, 87

remarked "Has to be taller" (Dyad 4, line 271). 8ublects were aware that the

tower had to stand for 30 seconds. 84 asked the rhetorical question "This has

to stand for 30 seconds, eh?" (Dyad 2, lines 719-720). 86 told hls partner "Vou

have to walt for 30 seconds" (Dyad 3, line 464). 8ubjects' awareness 01 the

criteria for the tower to be free-standing was also evident. For example, 87
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asked her partner "Will il stand? (Dyad 4, IIne 141).

Evaluating elther a model or prototype involved measuring the height of the

tallest tower, an:! timing the 30 seconds it was required to stand. When 82

rolled a sheet of pink paper into a cone, taped the seam, and then stood it on

the table he declared "It's tall, il's free-standing, and it won't fall. It's not as tall,

but it's tall, it's freestanding and it won't fall (Dyad 1, IInes 577-580). His

response was in part ln frustration, for prior to thls episode he and his partner

had been singuiarly unsuccessful in maklng a previous mock-up stand for even

a few seconds. His use of the term ml! suggests relief at the fact i;,at the model

remalned vertical. A IIttle later, after his partner has measured the helght of the

cone, both subjects express thelr lack of satisfaction with the solution:

82: Not the most beautifullooklng 653
thlng. 654

81 : It's not that tall eilher. 656

Table 7 showed that of the five dyads only Dyad 4 recorded the results of

testlng a modal. Not only were they the only Dyad to do this, but they were

consistent in the practlce. They recorded the height of ail four successful mock­

ups. Only three of the f1ve dyads recorded on paper the height of the completed

prototype. These data suggest that students must be made aware of the

importance of malntainlng wrilten records of performance results as designing

proceeds.

Question 2. What design process do Grade 7 students, worklng ln

slngle-sex dyads, use to solve a technologlcal problem?

As descrlbed in Chapter 4 and shown in Figure 11 the IIterature predicts that

su~jects in thls study wouId utllize an essentlally algorilhmlc, IInear design

process to accompllsh the designated task, that Is, bulld the tallest possible
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tower from one sheet of paper. Subjects would be antlcipated to spend a short

time reading the design brief. following which they would discuss and sketch a

range of solutions. From these they would model one whlch they judged to be

the most likely to be successful. that Is. be the tallest and stand for the requisite

30 seconds. A refined model. evaluated to be successfuî. would be repllcated

as a prototype. which in turn would be evaluated against the performance

criteria contalned in the design brief.

Clearly this simple IInear progression does not describe the design process

used by subjects in this study. Even the strategy used by Dyad 3. which most

closely approximates the theoretical model. differs from it in significant ways.

Thelr process Is far more fragmented than the theoretical model suggests it

would be. Subjects are frequently tolng-and-frolng between steps. This

fragmentation of the process and the tolng-and-frolng between steps is most

evident ln the later stages of the process when subjects in Dyads 1. 4 and 5 are

modetllng a solution or building a prototype. In these cases there is evldent a

clear. repeating pattern of model-test-refine-model (when modetllng a possible

solution) or bulld-test-bulld (when building a prototype). There Is even a perlod

during the building of a prototype when subjects in Dyad 3 return to modetllng

one element of the solution. Clearly any form of IInear process does not reflect

what subjects in this study did when designing.

Discussion was clearly an Important part of the process for subjects. usually

occurring simultaneously with another actlvlty. For example. subJects often

slmultaneously sketched an Idea and explained il to their partner. This was an

attempt to clarlty ideas, posslbly for both the speaker and the partner. As Schôn

(1987) has observed "drawing and talking are parallel ways of designlng and

together make up ... the language of deslgning" (p. 45).
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ln a recent study KimbElf, Stables, and Green (1995) al50 found that subjects

spent a considerable amount of tlme talking through a problem and Its solution:

"Thus ongolng discussion appears to be a major means of planning thelr way

through the task" (p, 32). Simllarly subjects frequently dlscussed an idea whlle

slmultaneously manlpulating materials. that Is, modelled an Idea ln three

dimensions while descrlblng It ln words.

A further radical dlfference beIWeen the theoretlcal model of the design

process and the actual process used by subjects Is the frequency wlth which

they evaluate thelr ongolng designlng. It seems reasonable to expectthat while

subjects are generatlng several possible solutions through discussion and

sketchlng (as theoretlcal models suggestthey must before beginning to model)

they would be constanlly evaluating. The Iiterature does not make thls expliclt.

but clearly subjects ln thls study were dolng justthat. Ail flve dyads evaluate

their progress from the momentthey begln to explore possible solutions to the

moment they declare that they are finlshed. This supports the suggestion of

Harding (1995) when she writes that "design. iike any other IntAliectual actlvlty.

glves shape to Ideas through ... expression ln cycles of contlnuous refinement"

(p. 19).

Question 3. In what sequence do students employ steps of the

dep.lgn process?

This study derived. In part. from the researcher's observation that High

School technology education students do not use the sequence of steps

descrlbed ln textbook models of the design process to solve a technologlcal

problem. Data presented earlier l'1thls study have shown that subjects used

IWo strategies whlch are at odds wlth those descrlbed in textbook models. The
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first of these Is that rather than generating and sketching several possible

solutions prIor to modelling one whlch Is evaluated as the best solution,

subjects develop solutions serlally. That Is, they discuss, model, and evaluate fi

solution whlch may or may not be abandoned. If the flrst solution Is abandoned,

then a second solution Is developed. In thls way Dyad 1 developed two

solutions, Dyad 4 developed flve solutions, and Dyad 5 developed three

solutions.

The large ;:>ercentage of t1me-on-task devoted by subjects 10 both modelling

and evaluatlng has been discussed earller. 8lmilarly. the varlous forms of

evaluatlng have been descrlbed. Data showed that these two steps occur ln a

repeating cycle which may be descrlbed as a model-test-reflne-test Iteration.

This iteration represents a second slgnificant dlfference between textbook

models of the design process and strategies used by subjects ln thls study.

The Seriai pevelopment of Solutions

Chapter 2 descrlbed how. In textbook models of the design process, sludents

are expected to sketch several possible solutions prlor to seIecting and

modelling the one whlch they judge to offer the most promise as an effective

solution. Data presented in this study have shown that thls was not the Intuitive

strategy of subjects. They were more Ukely to develop solutions serlally. When,

for example, Dyad 5 had completed a flrst model whlch failed to stand for the

requlslte 30 seconds. 310 suddenly suggested abandoning the solution. and

the followlng task talk occurred:

810: Let's do something dlfferent. 496
89: Okay. It dld work a Uttle bit. 498
810: It worked there for a few seconds 500

there. 501
89: Okay. 503• 154
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New one.
Use a fresh sheet.

505
507

•

•

SubJects then dlscussed a second solution, (essentially a tripod made from

rolled cylinders) which they modelled. When they were unable to make thls

second model stand for 30 seconds It also was abandoned and subjects began

a discussion of a thlrd possible solution. This Is but one example of a strategy

whlch may be descrlbed as the seriai development of solutions. In other words,

an Idea Is generated, developed as a model, evaluated, and then abandoned.

A second Idea, sometlmes although not always Informed by the experlence and

knowledge galned from the first model. is slmilarly developed. Figure 28 shows

thls Iteration dlagrammatlcally.

/ ..."
Successful 1-+-

'" solution

/' Generate""\ /' ,
1

,
single ~ Model Evaluate ..

\.. Idea / \... • 1 /

/ "Abandon 1
'- ./

Figure 28. The seriai development of solutions

Note that model and evaluate have been shown as one step. for as

dlscussed earller ln thls chapter, these two actlvltles form a repeatlng Iteration

as subjects constantly cycle between them. However, as will be descrlbed ln

the next section of thls chapter, thls cycle Is not as simple as portrayed here.
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The Model-Test-Retlne-Test iteration

The previous section included model-evaluate as a subset of a larger

iteration. ID facto evidence suggests that thls two-part subset is more complex

than thls. The followlng example, taken from the transcript for Dyad 4. will

iIIustrate the point.

Subjects S7 and S8 had prevlously rolled and taped one sheet of paper into

a single cyllnder 280 mlllimetres tall. S8 began to discuss (GEN) how a single

sheet of paper could be eut into two strlps. each of whlch could be rolled into a

cyllnder belore combining the two cyllnders:

S8: You could eut It and then roll
hall 01 it and roll the other hall and
stick it together to make it tall.

Her partner agreed:

S7 Oh yeah. tl)' It. 178

S8 eut the paper Into two equal pleces. each 140 x 220 miliimetres (Model).

Each subject then rolled and taped one plece into a cyllnder (Model).

S7: How's this? 182
S8: Roll it this way. 184
S7: Tape the side so it will stay. 186

Here. 187
We'lI tape the boUom together. 189

S8 then took the cyllnder made by S7 and joined the two together (Model).

S8:

S7:

S8:
S7:

Okay, yours is strong so we can
stick It. l'II Just ...
1hope it stands. This won'!, no,
this won't stand up.
(AUempts!Q stand one section - Test)
... put a HUle tape.
Okay. will it stand?

191
192
194
195

197
199

•
S7 attempted unsuccesslully to stand the tower (Evaluate). S8 identllied what

she thought was the problem:
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• 58: Ijust gotto make it even on the 201
bottom. 202

58 used scissors to trlm the boltom edge of the tower (Refine). 57 made a

second unsuccessful attemptto stand the tower (Evalua!e). 58 again used the

sclssors to trlm the bottom edge (Refine). The next attemptto stand the tower

was successful (Evaluate) and so 57 measured its height (Evaluate). This

example provldes clear evidence of a model-test-refine-test Iteration. Figure 29

shows the sequence graphically.

•
Model

1
Refine

•

Bgure 29. The model-test-refine-test Iteration

What the data also make evident is that subJects frequently repeated the test­

reflne-test part of the ioop before returnlng to modelling. This sequence of

actlvltles may be an important aspect of the behavlour of untutored designers.

for whlle modelling subjects appeared to be Increasing thelr understandlng of

the problem. generatlng additional solutions, reflning ideas, explorlng the

properties of materlals. and practlsing tool skllls. 5chôn (1987) captured the

richness of thls experience when he wrote "deslgnlng Is a creative actlvity. A

deslgner's reflective conversation with the materials of a situation can yleld new

dlscoveries, meanings. and Inventions" (p. 161).
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Question 4. How do the strategies used by students dlffer from

those ln theoretlcal models of the design process?

The dlfferences between the design strategies used by subjects ln this study

and thEloretlcal models descrlbed ln textbooks was made evldent by vlsually

comparlng the maps of the subjects' strategies wlth a map of the theoretlcal

model (Figures 23-27). Four very slgnlflcant differences were Identlfled and

iIIustrated uslng both examples of task talk and design eplsodes contalned ln

transcriptions of subjects' design actlvlty.

Flrst, students' strategies are more complex than suggested by any of tha

Iinear models. Figures 23-27 showed that subjects frequently do not work ln a

Iinear way through the steps Identifled ln textbook models: understand the

problem, generate possible solutions, model a solution, bulld a solution, and

evaluate a solution. Understandlng the problem appears to emerge from an

exploration of solutions. Subjects dld not sketch and evaluate several solutions

prlor to modelling but generated and modelled serlally. Modelllng Itself was

shown to be a complex activlty, more accurately descrlbed by a model-test­

retine-test Iteration. This iteration Itself appears to act as a source of Inspiration

for new solutions. Similarly, building a prototype Involved an iteration, a

constant toing-and-frolng between building, testlng, and reflnlng. Evaluation

occurred not as a summatlve actlvlty after generatlng and modelling and

building, but as an Integral and ongolng actlvity.

Second, subjects generated solutions serially rather than generatlng several

at the outse!. SubJects ln thls study dld not begln deslgnlng by sketchlng

several possible solutions. Data have shown that no subJects attempted to

sketch more than one solution at the outset, and that such sketchlng as dld

occur was perfunctory.
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Third, il appears that the preferred strategy for developing ideas is modelling

in three-dimensional form. Subjects moved to modelling much sooner than

predicted by textbook models. The evidence suggests that untutored designers

are anxlous to begin modelllng, even before a solution has been fully worked

out.

Modelling served several purposes: externallzing Ideas, providing a method

of testlng and refining and evaluating ideas, and stimulatlng new ideas.

Mcdelllng appears to be an essentlal stimulus to the ongolng development of

Ideas. The Interaction with materlals appeared to stlmulate other design skills.

Il Is important, therefore, for teachers to recognlze when modelling is aiding

thelr other deslgnlng skills.

Fourth, Figures 23-27 iIIustrated quile clearly how evaluatlng was an Integral

and ongolng activlty when subjects in thls study were designing. Evaluatlng

occurred conslstently from the earllest moments of deslgning. As Archer and

Roberts (1992) have written:

Ali design actlvlty involves continuai appraisal and reapl-'ralsal of the

merltoriousness of exlsting reallties and alternative propositions being

handled.

There Is also the transitive form of the same actlvity which is wholly or

largely concerned with the appreclatlon of states of affalrs and with choosing

and declding, rather than wilh the creation of things and systems. (p. 4)

SpecIfIe Contributions of thls Study

The Introduction to this study descrlbed how, because of ils relatlvely recent

Introduction Into the school curriculum. technoiogy education has but a IImlted

corpus of emplrlcally derlved research findlngs to support the development of
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curricula. This study adds to that corpus by developing and implementing a

methodology for investigating the strategies used by untutored designers. Both

the methodology used and the findings of thls study have Implications for the

theory and practlce of technology education. In particular. they have

implications for the way in which designing is taught to students. These

implications will be discussed under the subheadings of theoretlcal significance

and implications for teaching.

Thearetlcal Slqnlficance

The review of Iiterature on models of the design process ta be used ln

technology education suggested a discontlnuity between the theoretlcal

models. that is. models derived by thinking about what designers ought to do.

and empirical models. that is. models which describe what designers actualiy

do. This dlscontinuity was further support6d by the classroom observations of

the researcher; that Grade 7 students. left to thelr own devices. do not design in

the way prescribed by textbooks. Hence the research questions whlch drove

thls study were designed to lead to an understanding of how untutored

designers solve a technological problem. Therefore one partlcular contribution

of thls study has been to examine ln detail the actual practice of a smali sampie

of untutored designers.

Since the internaI mental processlng of a problem solver is inaccessible to

direct observation the researcher. in order to obtaln Information about an

Individual's problem-5Olving processes. must find a method of requlrlng the

subject to reveal the steps belng foliowed 50 that an observable sequence of

processes will be available for analysls. In thls study the naturaliy occurring

conversation between sublects ln a dyad was recorded. The resultlng protocol
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was then avallable for analysis. While protocol analysis Is being used

Increaslngly for Investigatlng various aspects of technology education (Elmer,

1996: Johnsey, 1995a: Roden, 1995) thls study represents one of the earllest in

whlch the subjects' actions and assoclated task talk were recorded and

analyzed. A second contribution of this study has been therefore to substantiate

protocol analysis as an approprlate methodology for the Investigation of

untutored designers' behavlour.

The set of assumptlons about the general structure of problem-soiving

processes postulated by both Ericsson and Simon (1984) and Hayes (19B9),

plus design process models in the technology education Ilterature provlded a

theoretical framework for the development of a scheme consistlng of "start

codes" to descrlbe the actions of subJects in thls study. This codlng scheme

was then refined uslng the inductive approach advocated by Glaser and

Strauss (1967) and Strauss (19B7). Codes "grounded", that Is, derived from,

the data were used to develop a more comprehensive, detalled and descriptive

coding scheme. Thus thls sttody provldes the first detailed analysis of the

actions of untutored designers US;,ïg a codlng scheme grounded ln the

qualitative analysls IIterature.

Implications for Teacblnq

This study derived from the researcher's flrst-hand experience with attempts

to teach deslgnlng and maklng uslng theoreticai models of the design process

contalned ln relevant textbooks. The resuiis of thls study have suggested that

sUbJects' naturallstic design strategies do not match these models. Hence

these results contain implications for teaching children how to design and

make.
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The most significant result to emerge from this study was the crltlcal role of

modelllng in three-dlmenslonal materials as an aid to subJects' thlnking.

Modelllng was used to support a range of actlvitles: Increaslng understandlng of

the problem. stlmulatlng the generatlon of solutions, seelng what a design

would look IIke, testing. and contlnuously Incorporatlng modifications and

Improvements Into a solution. This is perhaps no surprise, for as Hayes (1989)

has wrltten "much of our knowledge of solution strategies Is acqulred rather

unsystematlcally through our dally experlence ln solvlng problems" (p. 52). The

bulk of students' untutored t~chnological problem-solvlng sklll will have been

acqulred ln the materlal world: building sand casties, uslng commercial

construction kits. constructlng wlth four,d materials, and sa on.

This emplrical explanatlon for a subject's preference for modelllng ideas ln

three-dlmensional materials Is further supported by Piagetlan learning theory.

Piaget (1964) postulated that the thinklng of senior elementary school students

(Grade 7 subjects ln this study) is at the concrete ope'allons stage. The student

thlnks ln terms of concrete, exlstlng obJects and Is not yet able to use

abstractions. Therefore, the requirement that untutored technology education

students sketch several possible solutions, that Is, work ln an abstract form,

befere modelllng ln three-dlmenslonal materlals Is not supported by elther

emplrlcal observation, learning theory, or the results of thls study. Rather, It

appears that teachers should encourage modelling wlth three·dlmenslonal

materlals early ln the process. It appears Important to provlde students, early ln

the process. an opportunity to explore, develop and communicate aspects of

thelr design proposais by modelllng thelr ideas ln three-dlmenslonal form.

However. this may pose something of a dlfflculty, for, as Hayes (1989) has

dE,scrlbed, there are slgnlflcant dlsadvantages to moving too quickly 10 a "task
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envlronment .,. the real-world context ln which the task Is to be performed" (p.

59), rather than operating in "a planning environment ... a symbollc

representatlon that can substltute for the real world when we are thinklng about

the problem" (p. 59). For novice designers there are dlsadvantages to worklng

wlth three-dlmensional materials, whlch will require the use of materials and

tools, prlor to planning and explorlng Ideas, which will require the use of a

sketch pad and draftlng board.

Hayes (1989) Identifies three reasons why it is important for problem solvers

to plan, that Is, translate from task environment to the planning environment.

First, in many task environments moves once made cannot be unmade. For

example, in thls study, when subjects ln Dyad 2 began to explore a solution

uslng the materlals Intended for prototype building, they unwittlngly commltted

themselves to an error-free strategy, for once consumed the materials could not

be reconstituted. Moves ln the planning environment are nearly always

reverslble. A IIne on a sketch can be erased and redrawn.

Second, It Is Jess costly, ln terms of tlme and resources, to make moves ln the

planning envlronment than to make the corresponding move ln the task

environment. It wouId have been less "costly", ln terms of tlme and materlals

and effort, for subjects to have sketched thelr solutions prlor to maklng a model.

Optlmlzatlon of the best solution becomes slmpler ln the planning envlronment.

for the rapldlty wlth whlch sketches can be made facllitates the comparlson of

solutions en route to a "best" "lolution.

Thlrd, worklng ln the planning envlronment permlts a fiexlbllity not pvallable

ln the task envlronment. Hayes provldes the ex~mple of an archltect who, in

planning a hotel, will begln wlth crude bubble dlagrams "to Indlcate the general

positions of major unit" (p. 61), whlch lead to "drawlngs ... [whlch are] more
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detailed and specifie until the final drawings become ... bluepr!nts for

construction" (p. 62). This type of abstract planning cannot occur ln the

designers' task envlronment. They cannot build abstract. that Is, conceptually

lncomplete, products.

These observations from Hayes and the results of thls study suggest that

students must be te.ught to work efflciently in a planning envlronment before

moving to the task environment. Yet prevlous research has shown how

students wlth no prier technology education do not have the skills to represent

ln two-dlmenslonal form an object whlch will eventually be made uslng three­

dlmensional materlals (Constable, 1994a). There Is often a mlsmatch between

students' Imaginative abilltles and thelr representatlonal skills (Annlng, 1993).

Young chlldren can make drawlngs after they have worked wlth materlals,

but cannot predlct what a final design will look IIke (Annlng, 1993; Constable,

1994a, 1994b). Novice designers must be taught not only the skill of drawing,

but also to use drawlngs as a way to record and explore. to thlnk through, ln an

abstract way, thelr design ideas.

At the same tlme, glven the Importance to subjects ln thls study of modelllng

ln three-dlmenslonal materlals, teachers of technology education must thlnk

about the relatlonship between two-dlmenslonal and three-dlmenslonal

modelllng and the dlfficultles that students appear to experlence ln maklng the

transition between the two.

The results of this study also suggest there Is reason to doubt the efflcacy of

requirlng students to follow any form of IInear or sequentlal design process

modal. The study has shown that untutored designers do engage ln many of

the sub-processes of theoretlcal models, but they do not prloritlze or sequence

these sub-processes as suggested by the models. Clearly for subjects ln thls
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appears, as Wise (1990) has suggested, that "the desilJn process Is a set of

remlnders of what mlght be Involved" (p. 27).

The results suggest that a simple draw it-make It sequence descrlbed in most

models publlshed to date may not be an approprlate way to develop design

capablllty. Klmbell, Stables, and Green (1995) have suggested that "there Is no

overail , single form of design process" (p. 32). The results of thls study support

thls flndlng. This, ln turn, suggests that there may be no one way to teach

deslgnlng to students.

The comple)(lty of the process used by subjects ln thls study suggests a need

for teachers to focus e)(pllcltly on the teachlng of design process sklIIs that will

asslst students' problem solvlng, but not Impose a strict sequence ln whlch

those sklIIs are applled. As Barle)( (1995) has observed. It Is "Important to ...

• retaln the spirit of e)(perimentatlon ln the design process ... [and] to encourage

puplls to flnd thelr own methods and frameworks for thlnking about problems"

(p. 7).

Yet at the same tlme. as Klmbell (1990) has descrlbed, students must be

provlded wlth a superstructure to deslgnlng. They must be able to thlnk and

work strateglcally, so that when tlme runs out at the end of a project they are

where they want to be. Hence deslgnlng combines dynamic thlnklng wlthln the

project wlth the metacognltlve task of belng able to stand back and have an

overview of the whole that wllllead to a satlsfactory conclusion. As Schën

(1987) has polnted out deslgnlng Is a hollstlc sklll whlch may be broken into

component parts for the purposes of teaching. But at the same tlme the student

must "grasp It as a whole ln order to grasp It at ail" (p. 158). The student "cannot

learn It ln a: molecular way ...for the pieces ... Interact wlth one another and• 165
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derive their meaning ... from the whole process in which they are embedded" (p.

158).

This study has also made evident the dominant place of evaluatlng as

subjects were designing. It appears that teachers need to focus the attention of

students on thls actlvity and stress its importance. Ongoing evaluatlon Is IIkely

to Increase the quality of both the end product and the ablllty of the student to

design effectlvely. A recognition of the model-test-rellne-test iteratlon so

dominant ln the strategies used by subJects should, as Johnsey (1995a) has

also found, encourage teachers to take a broader view of the nature and role of

evalualing when students are deslgnlng.

Limitations of the Study

Chapter 3 described the limitations inherentln the methodology adopted for

thls study. and the steps taken to mln!mize thelr effect. For example, the

dlfficulties arising from the use of dyads and the need to ensure that subjects

worked cooperalively rather than singly was mlnimlzed by the researcher's

limely reminders to "Work as a team".

A limitation of the study arises out of the slze of the sample. The smail

sampie (live dyads) would appear to be a barrier to externa! valldlty. However,

whIle the total sample Is smail. each case study was very detalled. The

recording of subJects' actions and task talk, and a retrospeclive Interview

produced a slgnlflcant amount of rich data. And further, as Yin (1989) points out

"[any] analogy to samples and universes is incorrect when deallng wlth case

studles ... because survey research relies on stalislical generallzation, whereas

case studles rely on analy1lcal generallzalion" (p. 43). In other words, case

studles are generallzable to theoretlcal propositions and notto populations.
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The case study does not represent a sample and the researcher's goal is to

expand and generalize theories and not to enumerate frequencies, that is,

statistical generalizations. The results of this study. while not representative or

generalizable, may be seen as characteristic of a smail group of untutored

designers.

Recommendatlons for Funher Research

This study has suggested that there exist significant differences between

design processes described in the technology education Iiterature and the

actual processes used by untutored designers. The following are suggestions

for further research which may lead to yet increased understanding of this newly

emerging part of the curriculum.

Modelling in three-dimensional materials has been seen to play a large.

central role ln the solving of a technological problem. Further research might

seek to compare the quality of design solutions from two groups; one of whlch is

required to draw and then replicate those drawings in three-dimensional

materials. and the other is permitted to Investigate solutions by manipulatlng

three-dimensional materials from the first instant. If, as suggested by this study.

more effective use can be made of modelling in the devek,pment of students'

technological capability. an attempt must be made to analyse the use of

modelling. Which form of modeiling best allows students to externalize Ideas?

Which form of modelling encourages the exploration of the greatest number of

ideas? Which form of modelling is least inhlbitlng to the flow of ideas?

Subjects ln this study were provided wlth a particular design brief which

included performance criteria. As a result, the strategies they used to solve the

problem may have been a function or that partlcular problem and the way in
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which It was presented. Would subjects employa slmilar slrategy if glven a

diflerent problem? Does the nature of the problem determlne or Influence the

strategy? If the startlng point were a context from whlch subJects were required

to identify a specifie task would the strategy change?

The finlte number and quantity of tools and materials provlded to sublects

may in themselves suggest particular solutions. Further sludy could provide

subjects with a much broader range of tools and materlals. elther to solve the

same problem presented ln this study or, as suggested earlier. to solve a

problem deflned by the subjects.

Grade 7 students with no prior technology education provlded the sample for

thls study. Future research could track the development of novice designers'

skllls as they receive formai instruction ln deslgnlng and maklng. Of parllcular

intereS! would be the mapplng of the development of technologlcal capablllty

from Junior kindergarten to hlgh school.

The Influence of taclt knowledge, both on the partlcular task and on problem

solvlng ln general. would be a productive area for research. A deeper

understandlng of how students make use of taclt knowledge when deslgnlng Is

needed. Once thls has been achleved. teachers will be slgnlflcantly beller

placed to plan technology education currlcula.
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Dale: 27 11 92
DI MI YI

BOARD OF EDUCATION
Research and Assessment Department

RESEARCH APPLICATION

Ali sections of the Application Form must be compieted and typed in full before
the proposai will be considered. An abstracl of the study, letter of consent. and
ail instruments used in the study need to be appended to this form. Please
submit EIGHT copies of the application form. PROPOSALS MUST BE
SUBMITTED EIGHT WORKING DAYS BEFORE THE COMMITTEE MEETING.
Proposais submitted alter APRIL 1st will not be considered for this school year.

1. General Information

(a) Title of Research Proposai: Grade 7 students' conceptions of the design
process within a technological contex!.

(b) Name: Malcolm Welch Degrees: B.A.CHons): M.Ed.

Address: University of Toronto Phone: (416) 978 2992

Faculty of Education, 371 Bloor SI. W., Toronto, Onl. M5S 2R7

(c) Sponsoring Institution or Agency: _

McGiII University Phone: lilll..a9...R 6952

190

_ Other _•
(d) Please check

one:
__ LlIldergraduate Thesis
----X Doctoral Thesis
_ Institutionally

funded project

__ Masters Thesis
__ Ministry-funded

project



•

•

•

2. Overvlew and Relevance of Research Study

(a) Briel Description of the Problem and Research Goals:

The purpose of this study is to investigate the problem solving strategies of
students as they attempt to find a solution to a technologlcal problem. The study
derives initially from the observation of the researcher that students appear to
have an intuitive sense of how to prot>lem solve in a technologlcal context. The
steps they follow to achieve a solution, however, often do not conform, elther in
number or in sequence, to those described in textbooks. Sorne 01 the elements
of the "correct" process, such as sketching and investigation, are frequently
omitted by students. Others, such as testing and evaluation, are evident but are
not used in the sequence described. Hence, it would appear that the formai
teaching of problem solvlng Irequently conflicts with the intuitive strategies
students bring to the technology classroom.

(b) List the Specific Hypotheses Tested or Research Questions asked in thls
Study:

Research questions:

1.0 What concept of technological problem solving do Grade 7 students hold
prior to instruction?

1.1 Which elements of the design process exist in student strategies?

1.2 Which elements of the design process are mlssing from student
strategies?

1.3 ln what sequence do students employ elements of the design process?

2.0 ln what ways do the stratdgies of boys and girls dlffer?

(cl Potential Application of this Project to Education:

If teaching and learning Is to be "student centred" rather than "teacher centred",
It is important to understand students' approach to technologlcal problem
solving. Such an understandlng will make il possible to build upon, rather than
ignore, the students' prior knowledge.
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(d) Direct Benelit to Students and/or Staff (e.g., through leedback, workshops,
materials. etc):

Current Ministry 01 Education initiatives in the resiructuring 01 education in
Ontario include that Design and Technology become a compulsory component
01 the curriculum lor ail students at ail grade levels. Since problem solving lies
at the heart 01 technology, then it become5 essential that reachers 01 technology
have a thorough understanding 01 the process. In-service workshops, based on
the results 01 this research, will be provided for teachers.

(e) How will confidentiality/anonymity be maintained?

The identity of the subjects will be protected by assigning code names to each
of them. These code names will be used ln ail reporting 01 the results of the
study.

(f) How will debriefing and leedback to the subjects be accomplished?

Within live deys of the problem solving episode, each pair of students will be
interviewed as they watch and Iisten to the video of their session.

3. Description of Research Methodology

Please attach a one-page abstract whlch summarizes the research problem,
hypotheses, design, methods, and relevance. In addition, please include one
copy of the entire proposaI.

(a) Study Design (be as specifie as possible):

Four dyads will be presented (on four separate occasions) with a problem
statement Irom which they are to develop a technological solution. The problom
requires the use of soft materials and simple tools (scissors, ruler, pencll, tape).
Each dyad will be audio and videotaped while solving the problem. Subjects
will be encouraged to talk normally while problem solving. At a later time
(within live days) each dyad will Iisten to and watch the video of their problem
solving while the researcher conducts an interview. During the interview the
sereen and the students' voices will be recorded (on video) to ensure that the
researcher can document the segment of the video being referred to by the
students. Analysis of both sets of audio and video tapes, along with the
interview protocols, will be used to answer the research questions.
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• (b) Facilitles Required (e.g., special arrangements, facllltles, or
circumstances; please note that the Research and Assessment
Department will not provide assistance in terms of rllsearch design,
codlng, postage, personal dellvery of materials, etc.):

The research will require the use of a weil-lit room with two largE' Ilat tables, one
for the subjects to work on and the second for the researcher to place tape
recording equipment. Ali of the equipment (bath audio and video recording and
the tools and materials IN the subjects) will be provided by the researcher.

(c) School characterl'ltics requlred (e.g., location, size, special
characterlstlcs)

The school must have a Grade 7 intake at the general or advanced levaI.
Location ;3 not crucial, although a school south of Highway 401 would be the
most convenient.

(d) Data collection (sample):

Students will be arranged into four single-sex dyads. Each dyad will require a
one-hour tlme period to complete the experimental actlvlty. This w!ll be
followed. witl1in a perlod of five days. by a second session of one hour during
which the students will be debriefed.

Students: Grade...2- No. JL Individual•
Subject Time Required

Group 2 hrs

Teachers: No. None

Other persons: None No.

Number of schools: One

Individual __ Group __

Indlvidual __ Group __

•

(e) Procedure (describe method of obtalnlng cons~nt and attach
copy of letter of consent; descrlbe sampllng procedures, and data
gatherlng process):

Each subject ln the study and their parentslguardian will be provided with a
copy of the "Letter of consent". This letter Is in two parts. Part 1 describes tho
purposa of the research, the tasks to be performed by the subjects, the rlght of
the subject to withùraw at any time. and the name of ail the researchers and
institutions involved in the study. Part 2 requlres the signature of both the
parenVguardian and the subject.

The dyads will be selected in the following way. Havlng identlfied a group of
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students wllling to participate, their classroom teacher will be aslted to identity
pairs of students who work weil together or are friends. Data will be gathered
by (a) audio and video recording the problem solving sessions, and (b) audio
and video recording a retrospective interview wlth each of the dyads as they
watch the video of thelr problem solving session.

(f) Instruments (list ail measures to be used and attach copies):

Students will be provided with an instruction sheet descrlblng the technologlcal
problem to be solved (copy attached).

4. ProJected Tlme Frame For Study

(a) Data collection: January 4th - February 26. 1993.

(b) Expected Dates For Submission of Interim Report and Completed Report to
The _ Board of Education's External Research Committee:

Interim Report: August 31, 1993.

Final Report: April. 1994.

(c) Plans For Publication:

It is antlclpated that. as Is normal practice, the results of this doctoral research
will be publlshed in learned journals and presented at conferences. However,
at ail times the anonymlty of the subjects and the participating school board will
be respected.
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5. Endorsement of Research Study

(a) Signature of Principal Invesligator: _
Date: _

(b) Complete if Student Thesis or Research Project:

This is to certlly that the above described research proposai has been vetted for
ils academlc soundness. We have given consideration to ethlcal. legal, and
moral questions arising from the proposaI. Enclose copy of formai letter from
review committee.

Dr. John B. Gradwell

Sponsoring Professor (Please type name and slgn)

Date:
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AB5TRACT

The purpose of thls study Is 10 Invesllgale the problem solvlng strategies of students as Ihey

allempllo find a solullon 10 a technologlcal problem. The study derlves Inlttally from the

observation of the researcher that students appear te have an Intuitive sense of how te problem

solve ln a technologlcal context. The steps they follow te achleve a solution, however, do nol

conform, ellher ln number or ln sequence, to those descrlbed ln textbooks. Sorne of the

elements of the "correct" pI'OC9SS, such as sketchlng and Investigation, are omilled by studonts.

Others. such es testlng and evaluatlon, are evldent but are not used ln the sequence as

descrlbed. Hence, the formai teachlng of problem solvlng frequently conllicts wlth the Intuitive

strategies the students brlng to the technology classroom.

RESEARCH QUESTIONS
1.0 What concept of technologlcal problem solvlng do Grade 7 students hold prior te Instruction?

1.1 Whlch elements of the deslgn process exlst ln student strategies?

1.2 Whlch elements of the deslgn process are mlsslng !rom student strategies?

1.3 ln what sequence do students employ elements of the design process?

2.0 ln what ways do the strategies of boys and girls dIffer?

METHODOLOGY
Grade 7 students will serve as the source of prImary data for thls study. Four slngle-sex dyads

will be presented wlth a problem statement and requlred te develop a technologlcal

solution. Each problem solvlng session will be audio and video recorded by the researcher.

Sub)ects will be encouraged te talk normally durlng the session. At a tater Ume (wlthln live days)

each dyad will watch the video of thelr problem solvlng whlle the researcher conducts a seml­

structured Interview. Durlng the Inlervlew bolh the sereen and the students' will be video

recorded te ensure that the researcher can document the segment of the video referred to by the

students. A protocol analysls of transcriptions of both the problem solvlng sessions and post­

actlvlty Interviews will follow. These data collectlon procedures will make It possble te trtangulate

(a) transcrlpts of the verballnteractlons of the dyads. (b) the researcher's notes based on direct

observation of the students and later analysls of the video recordlngs, and (c) the transerlpts of

the retrospectlve Interviews wlth each of the dyads.
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1993 03 01

Oear ParenVGuardlan:

Your sonldaughter Is one of a group of Grade 7 students selected as
a potentlal st.tl)ect for a research study, conducted as part of my doctoral studles at McGlII
University, Montreal. The study Is entltled "Grade 7 students' conceptions of the design process
wlthln a technologlcal context".

The alm of thls letter Is twolold. Arsl, It will descrlbe the purpose and methodology of the
research study. Second, It will request that both VOu and your sonldaughter agree, ln wrltlng, to
partlclpate ln the study. Should VOu or your sonldaughter declde not to partlclpate, no further
action Is requlred, and 1thank VOU for taklng the time to read thls materlal.

The purpose of the study Is to In'Jestigate and better understand the thought processes of
Grade 7 students as they attempt to flnd a solution to a technologlcal problem. The study derlves
Inltlally !rom the obserVation that students appear to have an Intuitive sense of how to problem
solve ln a technologlcal context. However, the sequence of steps they follow to echleve a
solution Is olten dlfferent !rom that descrlbed ln much of the technology education llterature.
Hence the fonnal teachlng of problem soMng frequenUy confllcts wlth the Intuitive strategies
students brlng to the technology classroom.

The proposed methodology of the study requlres that pairs of sub)ects be presented wlth a
problem statement !rom whlch they ara to develop a technologlcal solution. The st.tlJects will be
asked to talk naturally as they complete the task. Each problem soMng session wOl be bath
observed and audlolvldeo recorded by the researcher. Sessions will be followed by a seml­
structured Interview whlle watehlng the video. Each session will requlre one hour of tlme.

The probIem requlres the use of soft materlals and simple tools (scIssors, ruler, panell, tape,
ete.). No student will be requlred to use tooIs, materlalll, or equlprnent that Is dangerous or
beyond the exlsting knowledge of the student.

Agreement on the part of VOu and your sonldaughter to become a part of the study ln 00 way
obllgates VOu or your sonIdaughter to remaln a part of the study. Your sonl daughter, or VOu on
thelr behalf, may choose to wlthdraw from the study at any Ume. Further, participation or non­
participation wOlin no way affect any school mark or report your chlld may racelve.

The results of the study will be publlshed as a doctoral dissertation. It Is antIcIpated that parts of
the study wOl be publlshed ln proIesslonai /OumaJs and reported at conferences. At no Ume will
the aetualldentlty of the sub)ects be dlsclosed. Sub)ects Y/III be glven code numbers and these
only will be used ln publications.

Should further Infonnation be requlred before elther VOu or your sonldaughter can make a
declslon about participation, p1ease feel free to telephone me at the University of Toronto, Faculty
of Educatlon, (416) 9782992.

Yours slncerely,

Malcolm Weich
Lecturer, Technologlcal Studles
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LETTER OF CONSENT

Grade 7 students' conceptlQns Qf the design process wlthjn a technQIQgjesl
CQntext

1agree tQ participate in a prQgramme Qf research cQnducted through the Faculty
Qf EducatlQn at McGlII University.

The purpose of the study has been explalned to my satisfaction.

1understand that subjects' names will be coded tQ maintain conlldentially.

1understand that, upon reques!. 1may have a full description of the results of the
study alter its completion.

1glve my consent to have the session audio- and videQtaped.

1understand that the data from this study may be publlshed.

1understand that 1am free to wlthdraw from thls study at any time wlthQut
negative consequences.

1HAVE READ AND UNDERSTOOD THIS CONSENT FORM AND 1AGREE TO
ALLOW MY SONIDAUGHTER TO PARTICIPATE IN THE STUDY.

Student's name (PLEASE PRINT):

Signature of parentfguardian:

Date: _____ Telephone number:

•

1HAVE READ AND UNDERSTOOD THIS CONSENT FORM AND 1AGREE TO
PARTICIPATE IN THE STUDY.

Signature of student:

Date:

Telephone number:
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19930325

Dear Mr. and Mrs. [ ]:

Thank Vou for agreeing to allow [Name] 10 partlclpale ln Ihe research study

"Grade 7 sludents' conceptions of the design process within a lechnological

conlext".

The purpose of Ihls letter is 10 inform vou of the dates and tlmes when [Name]

will be Involved.

[Namel's flrst session, during whlch sile will work with another student to

solve a technological problem, Is scheduled for Monday, April 19, at 11 :00 ­

12:00 ln the seminar room adjacenl to the IIbrary. The second session, durlng

whlch tlme 1will Interview [Name] and her partner, Is scheduled for Thursday,

April 22, at 11 :00 - 12:00. agaln in the semlnar room.

Should any of these dates and tlmes be Inconvenient or Impossible as a

result of other commltments. please telephone me as soon as possible so that 1

can reschedule sessions.

Once again, thank Vou for your interesl and support of thls research. In due

course 1shall wrlle to vou again to report on the progress of the sludy.

Yours sincerely,

Malcolm Welch

Lecturer

Technological Education

Telephone: (416) 9782992
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19930325

Dear Mr. and Mrs. [ Name):

Thank vou for agreeing to allow [Name) to participate in the research study

"Grade 7 students' conceptions of the design process withln a technologlcal

context". The response from parents was very encouraging. It Is gratlfylng to

know that so many parents are interested ln educatlonal research.

Having obtained the names of students willing to partlcipate. each was

asslgned a code number. Ten of these were then randomly selected to

partlclpate in the flrst stage of data collection. Unfortunately [Name) was not

among those selected. However. there Is a possiblllty that a second group of

students will be required. In thls case [Name) will agaln be numbered. along

wlth ail those students not selected in the flrst round. and a random selecllon

made. At this lime 1will wrlte to vou and provlde the dates and limes when

[Name) will be Involved.

Once agaln. thank vou for your interest and support of thls research.

Yours sincerely.

Malcolm Welch

Lecturer

Technologlcal Education

(416) 978 2992
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PAPER TOWER

Problem:

Using ONE sheet of 220 x 280 mm white paper and 100 mm of clear tape,

construct the tallest possible tower.

You will alsa be glven pink paper. This you may use ln any way as you develop

your solution. However, NONE of the pink paper may be used in the tower you

submit as a final product.

Limitations:

There is a time limit of one hour.

The tower must be free standing. It cannot be taped to the floor or anything

else.

When you have flnished, the tower must stand for 30 seconds before havlng Its

helght measured.

Materiels:

1 sheet white paper 220 x 280 mm

100 mm clear tape

Pink paper

Masklng tape

1 pair of sclssors

1 metrlclimperial ruler

1 compass

Pencils

Erasers
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APPENDIX F - EQUIPMENT REQUIREMENTS FOR THE PROBLEM
SOLVING AND INTERVIEW SESSIONS
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• EQUIPMENT

pROBLEM SOLVING SESSION INTERVIEW

Camcorder Camcorder

Tripod Tripod

2 lapel microphones 2 lapel microphones

2 extension cords 2 extension cords

Tape recorder Tape recorder

2 blank VCR tapes 2 blank VCR tapes

2 blank audio tapes 2 blank audio tapes

Extra batteries Extra batteries

Box of materials Note pad

Tape measure Pens

• Note pad Task instructions (interview)

Pens Transcript of task talk

Masking tape TVNCR (at school)

Copy of design brief VCR tape (task session)

Task instructions (task) Interview questions
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INSTRUCTIONS FOR TOWER BUILDING - SCRIPT

Warm-up

Hello. My name is Malcolm Welch and 1work at the University of Toronto,

where 1teach people how to become teachers of technology.

Before we begln we are golng to do a sound and video check.

SWITCH ON TAPE AND VIDEO RECORDERS

1would IIke you to tell me your names, and then describe something that you

have made at home. Perhaps you couId tell us a little bit about how you bullt il,

what materials It was made of. and whelher or nol you were pleased wilh lhe

resul!.

SUBJECTS' RESPONSES

ln each case lhe researcher will respond wilh:

"Thal Is very Inleresting. Thank you for sharing il wilh us."

OR

"Thal sounds like fun. Agaln, lhank you for sharing il wilh us."

CHECK SOUND AND VIDEO

Task inslructions

Now 1wouId like ta describe ta you whal we will be dolng today and why you

are sa Important. If you have any questions please feel free ta inlerrupt me.

Flrsl. lel,;:e explain lhe reason for selecting a group of sludenls ta be

Involved ln lhis research proJect. Technology Is a very new subject ln schools
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• and because 01 this newness teachers are sometimes not sure 01 the best way

ta teach il. What we are golng ta do today and durlng the second time that we

meet Is part 01 a study that Is trylng ta improve the methods used ta teach

technology.

Your raIe Is very Important. and here's what it will Involve. In just a moment 1

am golng ta give you a sheet 01 paper on whlch Is descrlbed a problem similar

ta one that a prolessional technologist mlght be asked ta solve. On the table ln

Iront 01 you there are a number of materlals and tools that you can use ta solve

the problem.

1wouId like you ta read carefully through the description of the problem. If

there is anything ln the Instructions that you don't understand, please ask me

and 1will try ta explaln It ta you. The only help that 1CANNaT glve Is help ln

• developlng a solution. This 1want you ta do by worklng together.

As saon as you feel ready you may begln ta develop your solution.

Remember, you will be working as a pair. This means that you should try ta

cooperate ln everythlng that you do. As you are working together ta develop a

solution, please talk ta each other ln a natural way.

It Is Important for you ta remember that there Is no rlght or wrong answer.

Different people will have dlfferent solutions ta the same problem. What 1am

most interested ln Is HOW you solve the problem. Also 1want you ta remember

that thls work will NOT count ln any of your school marks.

• Flnally, as you read ln my flrst letter ta you, everythlng that we do Is golng ta
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be video recorded so that later when we talk about what you dld we can watch

the video and It will serve to remlnd you and me of your actions. The tape

recorder is a back-up in case the sound of the video falls or is not clear.

GIVE DESIGN BRIEF TO SUBJECTS

Are there any questions?

Just a remimder. You have one hour in which to work. You may use any of

the materials on the table, but only the white paper can be used in the solution

that you present at the end.

SUBJECTS DESIGNING - ONE HOUR

Endlng

At the end of one hour or when students have flnlshed, whichever comes

tirs!.

O.k., lets measure the helghl of your lower.

SET UP TOWER AND HAVE SUBJECTS MEASURE HEIGHT

Thanks

Weil, that's ail for today.

When we meet on [glve day and tlme] ln thls same room, we are golng to

watch the video and 1will ask you a few questions about what you dld today.

But before you leave, l'm golng to ask a very big favour of you both. Some of
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your frlends are also golng to be helping me with thls project. To help make the

results of this experlment more vaUd 1am golng to ask you not to tell anyone

(except your parents) about the problem you had to solve today. If you tell your

friends they have an opportunlty to think about it before they arrive here and

therefore Its as though they have more than the one hour in whlch to solve the

problem. 50, If vou can keep the problem a secret untll everone has finished

you would be helping me with the accuracy of this research.

[Name] and [Name], 1want to thank Vou both for your help and l'II see Vou on

[day].
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RETROSPECTIVE INTERVIEW - SCRIPT

Welcome back. Flrst of ail let me explaln to you what we are golng to do today.
You will remember that when we met a couple of days ago you worked your

wray through a technologlcal problem. WouId one of you descrlbe to us the

problem.

ONE SUBJECT DESCRIBES THE TOWER PROBLEM

ASK SECOND SUBJECT IF THEY HAVE ANYTHING TO ADD

CHECK SOUND AND VIDEO

Since Ilast saw you 1have watched the tape and 1now have some questions

about what you dld. how you solved the problem and why you dld what you dld.

So ln a moment we are golng to watch the tape together. As we watch l'm
golng to pause the tape and ask you some questions. Generally these

questions will ask you what you were doing at that moment. 1will ask you to try

to remember what you were thlnklng. If you cannot remember clearly. or what

you see on screen doesn't make sense to you. just say "1 don't remember" or "1

don't know why 1dld that". l'm golng to cali upon you by name so l'II say thlngs

IIke. "[name]. what were you dolng there?" or "[name]. what were you thlnklng
there?".

Are there any questions before we begln?

BEGIN PLAYING THE VIDEO TAPE

Allow the subjects to watch the tape without asklng any questions untll the

tape reaches the point when both subjects have flnished reading the design

brlef. Pause the tape and then ask each subject in turn: "What sort of plctures

entered Into your head as you were readlng the design brlef?" and "What were

your flrst thoughts afler reading the design brlef?".
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CONTINUE PLAYING VIDEOTAPE

Thank YQU'S

Weil, that brlngs tQ an end YQur partlclpatiQn in this research. 1wanttQ thank

YQU bQth very much. My jQb, Qnce ail the interviews have been completed, Is tQ

watch the tapes Qf bQth the tQwer-bulldlng sessiQns and the interviews and

analyse hQW YQU went abQut sQlving the prQblem.

When thls Is complete, 1shall be repQrtlng the results tQ the SchQQI BQard.

YQur principal and YQurselves.

ln the meantlme, 1am Qnce agaln gQlng tQ ask YQU tQ nQt dlscuss thls

mQrnlng's wQrk wlth YQur friends untllthe entlre research prQjectls Qver. The

lastlnterview Is Qn Thursday, April 22nd. After that date YQU are free tQ talk

abQut what YQU have dQne; and 1WQuid encourage YQU tQ dlscuss thls wlth YQur

frlends and cQmpare YQur sQlutlQns, prQblems and questlQns.

[Name] and [name], agaln 1wanttQ thank YQU bQth fQr YQur help.
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1lMlonltlcal and omplrlcal codoa 10 dooaib<I dealgning

Slep Code Definitionln.-.lcaI-_.
RIlAF RMelngdellg'l bMt. gwn tI Nlt-:_ by ..NICMr

U..d....... "".."",,,,,, OPERF DicuI~lInIrç tll*brTWtel etl...

OCONS ~WI1ngtlCOM"lIInli

""""...- GEN ..........--
""""" ORAW SIwU.'1P."~ iQ pxaI)Ie lduIOnI

.....u PlMnk1g .,. rnMIng al • mock-up

MAMP ManIp,llllhg lN..... tI acpIcnI aM ...,.,.. 01. poub........_.- MMU Makln; • rnoctl..up.......
RMU R.lnng. mock-up. rnIItngmodllc:aDonl bcumNIl"'kln

OMMU Mailing. COpt 01. preokIuI rra::k"'41

.,... et.cldnga..-..a.,.~ & nwliIriIII

'BAN ~ndon Cl.nf1t tokJIor\b~ ,.... aolulon

PPR PIIn'*'O the Jnducton 01. prototype........
Maldng • P'*tYP8....... MPA

'PPA IcMnllylng. Pldllem wll1. prob~po

MOOPR Modlf'1tn; Ind ImpWng" prototype ft.mw oille
origjnIIl nMd, la.. rNIllng .deI"" c:nang.

EGEN e....1ng • iW:IlIdI_1t Iboula pol'"dlton

EDRAW Ewlualng. aubjlctl talk Ibout. a1tMch ClI' dmmg
E........

TMU T.lngone~ol.rra::k'ilp ....lglIng oon*'UM

EMU E....~.ngmxk-up ln -.n. 01 doIlgn br.,
TPR T.an; cne oIetNnt or 110 poeotype .. tNldng conIlnUM

EPA e....lu.lrlQ the problype ln __ 01 .. d.1gn brIM

RA.tU AKcrdIng ,.uI.~mock-up

""'" Recon1Ing tMU~ ttm Pftlblypo
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MiGcoIanooua codeo. derfvQd tom both !ho bfature and N data

Siep Code Definition

FilM ,,-,, FS S.~I wtllch lndicatM ln If'IXlf1'1lIo't"~l

Off.l••~ wl. OTT S.-.menl rNde br' Ilbl-=llIiltllch" nat dlrecll)'
,.8d 10 IN _k.l twd

Brxnl-.y 1JWkaf' SM Um. 011, Uh. Ile

C&lrtlcalon~u.t al ~W&t!romIlbjlct 10 ,...rchef!or clanlcaUon

n.-Id..._~
R:l1 lnlom'llllon prcMdod br,...11:'* ln f8Gp:lIU to.

lublKfl cI_alon IIIqUeaI

W.,mllp WU W.,m.up .c.....ty tllC:cllmdl'e IlblK_
to "k ."wonrNnl

Aoa~ntrœudlon RINTAO o-criplon br -.n:hor 01 N.....en
llfOIId 8Ild gonnI".... t, J'

""""""'" '" CclnwNnt Of qUMIIon Ilom Ile ,..Idler
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Data for graph of Dyad 1

Code Tlme on code (secs) % total lime Elaosed lime (secs) Cumulative %

RBRF 49 2.5 49 2.5
DRAW 36 1.8 85 4.4
GEN/DRAW 15 0.8 100 5.1
GEN 9 0.5 109 5.6
GEN/MANIP 7 0.4 116 5.9
GEN/DRAW 22 1.1 138 7.1
GEN 9 0.5 147 7.5
DCONS 18 0.9 165 8.5
ARM 13 0.7 178 9.1
MMU 5 0.3 183 9.4
ARM 3 0.2 186 9.5
ARM 48 2.5 234 12.0
MMU 87 4.5 321 16.5
RMU 21 1.1 342 17.5
TMU 16 0.8 358 18.4
RMU 20 1.0 378 19.4
TMU 23 1.2 401 20.6
RMU 27 1.4 428 21.9
TMU 2 0.1 430 22.1
MMU 100 5.1 530 27.2
EMU 30 1.5 560 28.7
RMU 15 0.8 575 29.5
EMU 8 0.4 583 29.9
RBRF 7 0.4 590 30.3
DPERF 7 0.4 597 30.6
RMU 11 0.6 608 31.2
EMU 6 0.3 614 31.5
RMU 17 0.9 631 32.4
EMU 5 0.3 636 32.6
RMU 87 4.5 723 37.1
EMU 25 1.3 748 38.4
RMU 29 1.5 777 39.8
DCONS 2 0.1 779 39.9
RMU 36 1.8 815 41.8
EMU 70 3.6 885 45.4
RMU 17 0.9 902 46.3
EMU 4 0.2 906 46.5
RMU 70 3.6 976 50.1
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Data for graph of Dyad 1

MANIP 5 0.3 981 50.3
RMU 15 0.8 996 51.1
EMU 25 1.3 1021 52.4

10 0.5
-

RMU 1031 52.9
MMU 69 3.5 1100 56.4
EMU 8 0.4 1108 56.8
ARM 7 0.4 1115 57.2
MPR 26 1.3 1141 58.5
EPR 49 2.5 1190 61.0
DPERF 10 0.5 1200 61.5
EPR 9 0.5 1209 62.0
EPR 13 0.7 1222 62.7
GEN 22 1.1 1244 63.8
ARM 53 2.7 1297 66.5
MANIP 14 0.7 1311 67.2
MMU 23 1.2 1334 68.4---MANIP 28 1.4 1362 69.8
MMU 71 3.6 1433 73.5
RMU 43 2.2 1476 75.7
MMU 100 5.1 1576 80.8
EMU 32 1.6 1608 82.5
ARM 20 1.0 1628 -- 83.5
DCONS 24 1.2 1652 84.7
MPR 89 4.6 1741 89.3
TPR 10 0.5 1751

---
89.8

MPR 70 3.6 1821 93.4
EPR 34 1.7 1855 95.1
MODPR 34 1.7 1889 96.9
EPR 29 1.5 1918 98.4
EPR 32 1.6 1950 100.0
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Data for graph of Dyad 2

Code TIme on code (secs) % total Ume Elaosed tlme (secs) Cumulative %

RBRF 46 2.5 46 2.5
GEN 10 0.5 56 3.0
GEN/DRAW 61 3.3 117 6.3-.

0.3 122 6.6GEN 5
PPR 10 0.5 132 7.1
MPR 11 0.6 143 7.7
RBRF 19 1.0 162 8.7
DCONS 24 1.3 186 10.0
MPR 84 4.5 270 14.5
TPR 2 0.1 272 14.6
DRAW 27 1.5 299 16.1
EDRAW 40 2.1 339 18.2
MPR 23 1.2 362 19.5
PPR 43 2.3 405 21.8
MPR 24 1.3 429 23.1
PPR 19 1.0 448 24.1
ARM 9 0.5 457 24.6
GEN 22 1.2 479 25.7
MPR 29 1.6 508 27.3
TPR 16 0.9 524 28.2
ABAN 2 0.1 526 28.3
GEN 4 0.2 530 28.5
ARM 2 0.1 532 28.6
GEN 8 0.4 540 29.0
MODPR 20 1.1 560 30.1
MODPR 9 0.5 569 30.6
GEN/MANIP 62 3.3 631 33.9
MPR 34 1.8 665 35.7
TPR 8 0.4 673 36.2
IPPR 17 0.9 690 37.1
ARM 15 0.8 705 37.9
MPR 107 5.7 812 43.6
TPR 5 0.3 817 43.9
MPR 24 1.3 841 45.2
TPR 8 0.4 849 45.6
MODPR 3 0.2 852 45.8
MPR 45 2.4 897 48.2
TPR 12 0.6 909 48.8
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Data for graph of Dyad 2

MODPR 5 0.3 914 49.1
TPR 6 0.3 920 49.4
MANIP 70 3.8 990 53.2
MODPR 35 1.9 1025 55.1
MANIP 7 0.4 1032 55.5
MODPR 60 3.2 1092 58.7
TPR 22 1.2 • 1114 59.9
MANIP 9 0.5 1123 60.3
MODPR 21 1.1 1144 61.5
TPR 5 0.3 1149 61.7
MODPR 26 1.4 1175 63.1
MANIP 16 0.9 1191 64.0
DCONS 2 0.1 1193 64.1
MODPR 93 5.0 1286 69.1
TPR 6 0.3 1292 69.4
MODPR 48 2.6 1340 72.0
IPPR 8 0.4 1348 72.4
MODPR 45 2.4 1393 74.9
EPR 11 0.6 1404 75.4
MODPR 20 1.1 1424 76.5
TPR 7 0.4 1431 76.9
MODPR 30 1.6 1461 78.5
EPR 4 0.2 1465 78.7
MODPR 76 4.1 1541 82.8
EPR 65 3.5 1606 86.3
MODPR 51 2.7 1657 89.0
EPR 39 2.1 1696 91.1
MODPR 14 0.8 1710 91.9
EPR 30 1.6 1740 93.5
DCONS 2 0.1 1742 93.6
IPPR 14 0.8 1756 94.4
MODPR 29 1.6 1785 95.9
EPR 65 3.5 1850 99.4
RRPR 9 0.5 1859 99.9
RRPR 2 0.1 1861 100.0
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Data for graph of Dyad 3

Code Tlme on code (secs) % total lime Elapsed lime (secs) Cumulalive %

RBRF 44 5.9 44 5.9
GEN 2 0.3 46 6.2
GEN 10 1.3 56 7.5
MANIP 6 0.8 62 8.3
GEN/DRAW 46 6.2 108 14.5
RBRF 4 0.5 112 15.0
MANIP 2 0.3 114 15.3
DRAW 4 0.5 118 15.8
GEN/MANIP 38 5.1 156 20.9
GEN 12 1.6 168 22.6
PMU 5 0.7 173 23.2
MMU 58 7.8 231 31.0
TMU 2 0.3 233 31.3
MMU 21 2.8 254 34.1
EMU 13 1.7 267 35.8
RMU 9 1.2 276 37.0
EMU 5 0.7 281 37.7
MPR 63 8.5 344 46.2
ARM 23 3.1 367 49.3
MPR 23 3.1 390 52.3
IPPR 1 0.1 391 52.5
EPR 9 1.2 400 53.7
MODPR 27 3.6 427 57.3
EPR 5 0.7 432 58.0
IPPR 10 1.3 442 59.3
EPR 11 1.5 453 60.8
MODPR 38 5.1 491 65.9
ARM 8 1.1 499 67.0
MODPR 9 1.2 508 68.2
ARM 2 0.3 510 68.5
MPR 9 1.2 519 69.7
IPPR 12 1.6 531 71.3
MODPR 20 2.7 551 74.0
ARM 8 1.1 559 75.0
IPPR 3 0.4 562 75.4
EPR 15 2.0 577 77.4
MODPR 22 3.0 599 80.4
IPPR 12 1.6 611 82.0
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Data for graph of Dyad 3

MODPR 6 0.8 617 82.8
EPR 27 3.6 644 86.4
IPPR 2 0.3 646 86.7
MODPR 7 0.9 653 87.7
EPR 80 10.7 733 98.4
RRPR 12 1.6 745 100.0
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Data for graph of Dyad 4

Codes Tlme on code (secs) % lolaillme Elaosed lima (secs) Cumulative %
RBRF 47 1.3 47 1.3
ARM 8 0.2 55 1.5
GEN/MANIP 54 1.5 109 3.0'-
MMU 3 0.1 112 3.0
GEN 2 0.1 114 3.1
EMU 25 0.7 139 3.8
RBRF 15 0.4 154 4.2
EMU 17 0.5 171 4.6
GEN 21 0.6 192 5.2
MMU 58 1.6 250 6.8
EMU 6 0.2 256 7.0
RMU 6 0.2 262 7.1
EMU 2 0.1 264 7.2
RMU 4 0.1 268 7.3
EMU 31 0.8 299 8.1
RRMU 13 0.4 312 8.5
GEN 7 0.2 319 8.7
MMU 58 1.6 377 10.2
TMU 8 0.2 385 10.5
RMU 2 0.1 387 10.5
TMU 4 0.1 391 10.6
RMU 63 1.7 454 12.3
TMU 14 0.4 468 12.7
RMU 21 0.6 489 13.3
EMU 12 0.3 501 13.6
RRMU 8 0.2 509 13.8
GEN 20 0.5 529 14.4
PMU 39 1.1 568 15.4
MMU 51 1.4 619 16.8
ARM 22 0.6 641 17.4
PMU 5 0.1 646 17.5
MMU 33 0.9 679 18.4
TMU 19 0.5 698 19.0
PMU 12 0.3 710 19.3
MMU 12 0.3 722 19.6
RMU 3 0.1 725 19.7
MMU 9 0.2 734 19.9
TMU 15 0.4 749 20.3
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Data for graph of Dyad 4

MMU 12 0.3 761 20.7
TMU 7 0.2 768 20.9
RMU 20 0.5 788 21.4
TMU 3 0.1 791 21.5
RMU 18 0.5 809 22.0
TMU 9 0.2 818 22.2
MMU 2 0.1 820 22.3
EMU 4 0.1 824 22.4
RMU 33 0.9 857 23.3
EMU 11 0.3 868 23.6
RMU 41 1.1 909 24.7
EMU 22 0.6 931 25.3
RMU 14 0.4 945 25.7
EMU 7 0.2 952 25.8
ABAN 11 0.3 963 26.1
GEN 22 0.6 985 26.7
RBRF 8 0.2 993 27.0
GEN 23 0.6 1016 27.6
RMU 43 1.2 1059 28.8
PMU 19 0.5 1078 29.3
MMU 68 1.8 1146 31.1
PMU 3 0.1 1149 31.2
MMU 26 0.7 1175 31.9
EMU 18 0.5 1193 32.4
RRMU 32 0.9 1225 33.3
DPERF 49 1.3 1274 34.6
PMU 21 0.6 1295 35.2
MMU 10 0.3 1305 35.4
ARM 35 1.0 1340 36.4
ARM 58 1.6 1398 38.0
PMU 28 0.8 1426 38.7
ARM 11 0.3 1437 39.0
MMU 67 1.8 1504 40.8
TMU 2 0.1 1506 40.9
RMU 61 1.7 1567 42.5
PMU 8 0.2 1575 42.8
TMU 17 0.5 1592 43.2
PMU 5 0.1 1597 43.4
RMU 69 1.9 1666 45.2
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Data for graph of Dyad 4

TMU 6 0.2 1672 45.4
PMU 24 0.7 1696 46.0
MMU 61 1.7 1757 47.7
TMU 4 0.1 1761 47.8
RMU 38 1.0 1799 48.8
TMU 10 0.3 1809 49.1
RMU 13 0.4 1822 49.5
TMU 69 1.9 1891 51.3
RMU 31 0.8 1922 52.2
TMU 34 0.9 1956 53.1
RMU 103 2.8 2059 55.9
TMU 19 0.5 2078 56.4
RMU 72 2.0 2150 58.4
TMU 11 0.3 2161 58.7
MMU 22 0.6 2183 59.3
EMU 8 0.2 2191 59.5
MMU 41 1.1 2232 60.6
EMU 17 0.5 2249 61.1
DCONS 3 0.1 2252 61.1
RMU 18 0.5 2270 61.6
EMU 14 0.4 2284 62.0
RMU 26 0.7 2310 62.7
EMU 21 0.6 2331 63.3
DCONS 10 0.3 2341 63.6
RRMU 11 0.3 2352 63.9
ARM 69 1.9 2421 65.7
MPR 17 0.5 2438 66.2
TPR 5 0.1 2443 66.3
MPR 8 0.2 2451 66.5
TPR 18 0.5 2469 67.0
ARM 27 0.7 2496 67.8
PPR 12 0.3 2508 68.1
MPR 70 1.9 2578 70.0
TPR 12 0.3 2590 70.3
MODPR 20 0.5 2610 70.9
TPR 3 0.1 2613 70.9
MODPR 70 1.9 2683 72.8
MPR 33 0.9 2716 73.7
MODPR 13 0.4 2729 74.1
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Data for graph of Dyad 4

TPR 10 0.3 2739 74.4
MODPR 42 1.1 2781 75.5
ARM 11 0.3 2792 75.8
MODPR 81 2.2 2873 78.0
EPR 9 0.2 2882 78.3
MODPR 14 0.4 2896 78.6
EPR 10 0.3 2906 78.9
MODPR 8 0.2 2914 79.1
EPR 35 1.0 2949 80.1 .
MODPR 29 0.8 2978 80.9
EPR 10 0.3 2988 81.1
MODPR 11 0.3 2999 81.4
EPR 25 0.7 3024 82.1
MPR 24 0.7 3048 82.8
ARM 6 0.2 3054 82.9
MPR 43 1.2 3097 84.1
EPR 35 1.0 3132 85.0
MODPR 32 0.9 3164 85.9
EPR 53 1.4 3217 87.3
MODPR 19 0.5 3236 87.9
EPR 11 0.3 3247 88.2
MODPR , 17 0.5 3264 88.6
EPR 28 0.8 3292 89.4
MODPR 10 0.3 3302 89.7
EPR 8 0.2 3310 89.9
MODPR 143 3.9 3453 93.8
EPR 28 0.8 3481 94.5
MODPR 92 2.5 3573 97.0
EPR 15 0.4 3588 97.4
MODPR 35 1.0 3623 98.4
EPR 27 0.7 3650 99.1
RRPR 33 0.9 3683 100.0
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Data for graph of Dyad 5

Codes Tlme on codes (secs) % total lime Elapsed tlme (secs) Cumulative %
RBRF 60 2.0 60 2.0
GEN 72 2.4 132 4.3
DRAW 7 0.2 139 4.6
GEN/MANIP 60 2.0 199 6.6
ARM 37 1.2 236 7.8
MMU 43 1.4 279 9.2
TMU 7 0.2 286 9.4
GEN 20 0.7 306 10.1
MMU 7 0.2 313 10.3
PMU 3 0.1 316 10.4
MMU 100 3.3 416 13.7
PMU 22 0.7 438 14.4
RMU 17 0.6 455 15.0
ARM 30 1.0 485 16.0
MMU 199 6.6 684 22.5
EMU 22 0.7 706 23.2
RMU 66 2.2 772 25.4
EMU 15 0.5 787 25.9
RMU 43 1.4 830 27.3
EMU 20 0.7 850 28.0
RMU 22 0.7 872 28.7
ABAN 7 0.2 879 28.9
EMU 2 0.1 881 29.0
GEN 9 0.3 890 29.3
ARM 35 1.2 925 30.5
GEN/DRAW 51 1.7 976 32.1
MANIP 4 0.1 980 32.3
GEN 16 0.5 996 32.8
DRAW 6 0.2 1002 33.0
MMU 3 0.1 1005 33.1
GEN 14 0.5 1019 33.6
MMU 176 5.8 1195 39.3
TMU 3 0.1 1198 39.4
MMU 61 2.0 1259 41.5
DCONS 2 0.1 1261 41.5
MMU 49 1.6 1310 43.1
RMU 34 1.1 1344 44.3
TMU 53 1.7 1397 46.0
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Data for graph of Dyad 5

MMU 86 2.8 1483 48.8
DPERF 10 0.3 1493 49.2
RMU 15 0.5 1508 49.7
TMU 16 0.5 1524 50.2
RMU 5 0.2 1529 50.3
MMU 167 5.5 1696 55.8
EMU 65 2.1 1761 58.0
RMU 29 1.0 1790 58.9
ARM 3 0.1 1793 59.0
RMU 68 2.2 1861 61.3
EMU 54 1.8 1915 63.1
RMU 20 0.7 1935 63.7
ARM 2 0.1 1937 63.8
MMU 11 0.4 1948 64.1
EMU 59 1.9 2007 66.1
RMU 14 0.5 2021 66.5
ABAN 11 0.4 2032 66.9
RBRF 13 0.4 2045 67.3
GEN/MANIP 17 0.6 2062 67.9
ARM 19 0.6 2081 68.5
MMU 59 1.9 2140 70.5
TMU 20 0.7 2160 71.1
GEN 37 1.2 2197 72.3
GEN/MANIP 21 0.7 2218 73.0
MMU 60 2.0 2278 75.0
TMU 3 0.1 2281 75.1 .
RMU 69 2.3 2350 77.4 .
TMU 1 0.0 2351 77.4 -RMU 306 10.1 2657 87.5
PPR 13 0.4 2670 87.9
MPR 14 0.5 2684 88.4
PPR 18 0.6 2702 89.0
MPR 79 2.6 2781 91.6
TPR 8 0.3 2789 91.8
MPR 218 7.2 3007 99.0
EPR 30 1.0 3037 100.0
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APPENDIX K - FREQUENCY OF CODES FOR EACH DYAD
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Frequencyof codes for each dyad
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APPENDIX L - SEQUENCE OF STEPS EMPLOVED 8V EACH DVAD
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Sequence of steps employed by Dyad 1

Step Tlme on step (secs) % total tlme Cumuladve%

Understand 49 2.5 2.5
Generate 98 5.0 7.5
Understand 0.9

---
18 8.5

Madel 177 9.1 17.5
Evaluate 16 0.8 18.4

1.0
--

Madel 20 19.4
Evaluate 23 1.2 20.6
Madel 27 1.4 21.9
Evaluate 2 0.1 22.1
Madel 100 5.1 27.2
Evaluate 30 1.5 28.7
Madel 15 0.8 29.5
Evaluate 8 0.4 29.9
Understand 14 0.7 30.6
Madel 11 0.6 31.2
Evaluate 6 0.3 31.5
Madel 17 0.9 32.4
Evaluate 5 0.3 32.6
Madel 87 4.5 37.1
Evaluate 25 1.3 38.4
Madel 29 1.5 39.8
Understand 2 0.1 39.9
Madel 36 1.8 41.8
Evaluate 70 3.6 45.4
Madel 0.9

--
17 46.3

Evaluate 4 0.2 46.5
Madel 90 4.6 51.1
Evaluate 25 1.3 52.4
Madel 79 4.1 56.4
Evaluate 8 0.4 56.8
Madel 7 0.4 57.2
Sulld 26 1.3 58.5
Madel 49 2.5 61.0
Understand 10 0.5 61.5
Evaluate 22 1.1 62.7
Generate 22 1.1 63.8
Madel 332 17.0 80.8
Evaluate 32 1.6 82.5
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Sequence of sleps employed by Dyad 1

Model 20 1.0 83.5
Undersland 24 1.2 84.7
Bulld 89 4.6 89.3
Evaluale 10 0.5 89.8
Bulld 70 3.6 93.4
Evaluale 34 1.7 95.1
Bulld 34 1.7 96.9
Evaluale 61 3.1 100.0
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Sequence of steps employed by Dyad 2

Step Tlme on step (secs) % total lime CumulaUve%

Understand 46 2.5 2.5
Generate 76 4. , 6.6
Sulld 21 ,., 7.7
Understand 43 2.3 , 0.0
Suild 84 4.5 , 4.5
Evaluate 2 O. , , 4.6
Generate 27 , .5 '6. ,
Evaluate 40 2.1 , 8.2
Sulld 109 5.9 24.'
Model 9 0.5 24.6
Generate 22 , .2 25.7
Sulld 29 , .6 27.3
Evaluate 16 0.9 28.2
Model 2 O. , 28.3
Generate 4 0.2 28.5
Model 2 O., 28.6
Generate 8 0.4 29.0
Sulld 29 , .6 30.6
Generate 62 3.3 33.9
Suild 34 , .8 35.7
Evaluate 8 0.4 36.2
Bu!ld 17 0.9 37.' -
Model 15 0.8 37.9
Sulld 107 5.7 43.6
Evaluate 5 0.3 43.9
Sulld 24 , .3 45.2
Evaluate 8 0.4 45.6
Bulld 48 2.6 48.2
Evaluate 12 0.6 48.8
Sulld 5 0.3 49. ,
Evaluate 6 0.3 49.4
Model 70 3.8 53.2
Sulld 35 , .9 55. ,
Model 7 0.4 55.5

237



•

•

•

Sequence of steps employed by Dyad 2

Sund 60 3.2 58.7
Evaluate 22 1.2 59.9
Model 9 0.5 60.3
Sund 21 1.1 61.5
Evaluate 5 0.3 61.7
Sund 26 1.4 63.1
Model 16 0.9 64.0
Understand 2 0.1 64.1
Sund 93 5.0 69.1
Evaluate 6 0.3 69.4
Sund 101 5.4 74.9
Evaluate 11 0.6 75.4
Sund 20 1.1 76.5
Evaluate 7 0.4 76.9
Sund 30 1.6 78.5
Evaluate 4 0.2 78.7
Sund 76 4.1 82.8
Evaluate 65 3.5 86.3
Sund 51 2.7 89.0
Evaluate 39 2.1 91.1
Sund 14 0.8 91.9
Evaluate 30 1.6 93.5
Understand 2 0.1 93.6
Sund 43 2.3 95.9
Evaluate 76 4.1 100.0
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Sequence of sleps employed by Dyad 3

Step Tlme on step (secs) % total lime CumulaUve%
Undersland 44 5.9 5.9
Generale 12 1.6 7.5
Model 6 0.8 8.3
Generale 46 6.2 14.5
Undersland 4 0.5 15.0
Model 2 0.3 15.3
Generale 54 7.2 22.6
Model 63 8.5 31.0
Evaluale 2 0.3 31.3
Model 21 2.8 34.1
Evaluale 13 1.7 35.8
Model 9 1.2 37.0
Evaluale 5 0.7 37.7
Model 86 11.5 49.3
Sulld 24 3.2 52.5
Evaluale 9 1.2 53.7
Sulld 27 3.6 57.3
Evaluale 5 0.7 58.0
Sulld 10 1.3 59.3
Evaluale 11 1.5 60.8
Sulld 38 5.1 65.9
Model 8 1.1 67.0
Sulld 9 1.2 68.2
Model 2 0.3 68.5
Sulld 41 5.5 74.0
Model 8 1.1 75.0
Sulld 3 0.4 75.4
Evaluale 15 2.0 77.4
Suild 40 5.4 82.8
Evaluale 27 3.6 86.4
Suild 9 1.2 87.7
Evaluale 92 12.3 100.0
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Sequence of sleps employed by Dyad 4

Step Tlme on step (secs) % total lime Cumulative %

Undersland 47 1.3 1.3
Model 8 0.2 1.5
Generale 54 1.5 3.0
Model 3 0.1 3.0
Generale 2 0.1 3.1
Evaluale 25 0.7 3.8
Undersland 15 0.4 4.2
Evaluale 17 0.5 4.6
Generale 21 0.6 5.2
Model 58 1.6 6.8
Evaluale 6 0.2 7.0
Model 6 0.2 7.1
Evaluale 2 0.1 7.2
Model 4 0.1 7.3
Evaluale 44 1.2 8.5
Generale 7 0.2 8.7
Model 58 1.6 10.2
Evaluale 8 0.2 10.5
Model 2 0.1 10.5
Evaluale 4 0.1 10.6
Model 63 1.7 12.3
Evaluale 14 0.4 12.7
Model 21 0.6 13.3
Evaluale , " 20 0.5 13.8
Generale 20 0.5 ·14.4
Model 150 4.1 18.4
Evaluale 19 0.5 19.0
Model 36 1.0 .19.9
Evaluale 15 0.4 20.3
Model 12 0.3 20.7
Evaluale 7 0.2 20.9
Model 20 0.5 21.4
Evaluale 3 0.1 21.5
Model 18 0.5 22.0
Evaluale 9 0.2 22.2
Model 2 0.1 22.3
Evaluale 4 0.1 22.4
Model 33 0.9 23.3
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Sequence of steps employed by Dyad 4

Evaluate 11 0.3 23.6
Model 41 1.1 24.7
Evaluate 22 0.6 25.3
Model 14 0.4 25.7
Evaluate 7 0.2 25.8
Model 11 0.3 26.1
Generate 22 0.6 26.7
Understand 8 0.2 27.0
Generate 23 0.6 27.6
Model 159 4.3 31.9
Evaluate 50 1.4 33.3
Understand 49 1.3 34.6
Model 230 6.2 40.8
Evaluate 2 0.1 40.9
Model 69 1.9 42.8
Evaluate 17 0.5 43.2
Model 74 2.0 45.2
Evaluate 6 0.2 45.4
Model 85 2.3 47.7
Evaluate 4 0.1 47.8
Model 38 1.0 48.8
Evaluate 10 0.3 49.1
Model 13 0.4 49.5
Evaluate 69 1.9 51.3
Model 31 0.8 52.2
Evaluate 34 0.9 53.1
Model 103 2.8 55.9
Evaluate 19 0.5 56.4
Model 72 2.0 58.4
Evaluate 11 0.3 58.7
Model 22 0.6 59.3
Evaluate 8 0.2 59.5
Model 41 1.1 60.6
Evaluate 17 0.5 61.1
Understand 3 0.1 61.1
Model 18 0.5 61.6
Evaluate 14 0.4 62.0
Model 26 0.7 62.7
Evaluate 21 0.6 63.3
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Sequence of sleps employed by Dyad 4

Undersland 10 0.3 63.6
Evaluale 11 0.3 63.9
Model 69 1.9 65.7
Bulld 17 0.5 66.2
Evaluale 5 0.1 66.3
Bulld 8 0.2 66.5
Evaluale 18 0.5 67.0
Model 27 0.7 67.8
Bulld 82 2.2 70.0
Evaluale 12 0.3 70.3
Bulld 20 0.5 70.9
Evaluale 3 0.1 70.9
Bulld 116 3.1 74.1
Evaluale 10 0.3 74.4
Bulld 42 1.1 75.5
Model 11 0.3 75.8
Bulld 81 2.2 78.0
Evaluale 9 0.2 78.3
Bulld 14 0.4 78.6
Evaluale 10 0.3 78.9
Bulld 8 0.2 79.1
Evaluale 35 1.0 80.1
Bulld 29 0.8 80.9
Evaluale 10 0.3 81.1
Bulld 11 0.3 81.4
Evaluale 25 0.7 82.1
Bulld 24 0.7 82.8
Model 6 0.2 82.9
Bulld 43 1.2 84.1
Evaluale 35 1.0 85.0
Bulld 32 0.9 85.9
Evalualo 53 1.4 87.3
Bulld 19 0.5 87.9
Evaluale 11 0.3 85.2
Bulld 17 0.5 88.6
Evaluale 28 0.8 89.4
Bulld 10 0.3 89.7
Evaluale 8 0.2 89.9
Bulld 143 3.9 93.8
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Sequence of sleps employed by Dyad 4

Evaluale 28 0.8 94.5
Build 92 2.5 97.0
Evaluale 15 0.4 97.4
Build 35 1.0 98.4
Evaluale 60 1.6 100.0
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Sequence of sleps employed by Dyad 5

Step Tlme on steD (secs) % total tlme Cumulative %
Undersland 60 2.0 2.0
Generale 139 4.6 6.6
Model 80 2.6 9.2
Evaluale 7 0.2 9.4
Generale 20 0.7 10.1
Model 378 12.4 22.5
Evaluale 22 0.7 23.2
Model 66 2.2 25.4
Evaluale

.

0.5 25.915
Madel 43 1.4 27.3
Evaluale 20 0.7 28.0
Madel 29 1.0 28.9
Evaluale 2 0.1 29.0
Generale 9 0.3 29.3
Madel 35 1.2 30.5
Generale 51 1.7 32.1
Madel 4 0.1 32.3
Generale 22 0.7 33.0
Madel 3 0.1 33.1
Generale 14 0.5 33.6
Madel 176 5.8 39.3
Evaluale 3 0.1 39.4
Madel 61 2.0 41.5
Undersland 2 0.1 41.5
Model 83 2.7 44.3
Evaluale 53 1.7 46.0
Model 86 2.8 48.8
Undersland 10 0.3 49.2
Madel 15 0.5 49.7
Evaluale 16 0.5 50.2
Madel 172 5.7 55.8
Evaluale 65 2.1 58.0
Model 100 3.3 61.3
Evaluale 54 1.8 63.1
Model 33 1.1 64.1
Evaluale 59 1.9 66.1
Model 25 0.8 66.9
Undersland 13 0.4 67.3
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Sequence of steps employed by Dyad 5

Generate 17 0.6 67.9
Model 78 2.6 70.5
Evaluate 20 0.7 71.1
Generate 58 1.9 73.0
Model 60 2.0 75.0
Evaluate 3 0.1 75.1
Model 69 2.3 77.4
Evaluate 1 0.0 77.4
Model 306 10.1 87.5
Build 124 4.1 91.6
Evaluate 8 0.3 91.8
Bulld 218

.
7.2 99.0

Evaluate 30 1.0 100.0
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APPENDIX M • DATA ENTERED INTO SPREADSHEETS
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• •
Spreadsheet entry of data for graph of Task 1

•

1\)

~

A B C 0 E F G H 1 J K L
1 % data task 1 0 2.51 4.4 5.1 1 5.6 5.9 7.1 7.5 8.5 9.1 9.399
2 RBRF 2 2
3 DPERF 1

4 DCONS 1 1 1 1 1 4. 41
5 GEN 51 5 5; 51 5 5

;,
6 DRAW 1 6 6 6 ! 6 6 1 ,
7 PMU 1

1
1 i 1 !1

B MANIP 1 1 1 ! 8 81 1 1

9 MMU : 1
1 ! 1 1 1 i 91 91 ,

10 RMU 1 1 1
,

1
1 1 1 11 1

1 ,
11 CMMU 1 1 1 1 1 ! 1, 1 1

12 ARM 1 1 i 1 ! i 121 121

13 ABAN 1 1 1
1 ! ! 1

1 1 :, 1 1

14 PPR 1 1 1 1
,

!
, !

1 i 1

15 MPR 1
1

1 1 1 1 !1 1

16 IPPR ! 1 1 1
1

1 1 1 1 1 11

17 MODPR 1 1
1 i 1 1 1

1

1 1 1

18 EGEN 1 1 1 i 1 1 1 i ! !,
19 EDRAW

,
! 1

!
1

1
1 1

1
1 ; ,

20 TMU i 1
,

i i ! ,
!

21 EMU
,

1 1 ., 1

22 TPR 1
, 1 ! 1 i i ,
! i

23 EPR i i i • i i 1 11

24 RRMU i
,

1
1 1 1! , : 1 1

25 RRPR 1
1

1 i 1 1 i,



• •
Spreadsheet entry of data for graph of Task 1

•

N
.".
<Xl

M N 0 p Q R S T U V 1 w X 1 y
1 9.4 9.5 12 16.5 17.51 18.399 18.4 19.399 19.41 20.5991 20.6 21.8991 21.9
2 , ! 1 1 1

3 1 1 1 1

4 1 1 1

5 1
6 1

7 -
1 18

9 9 9 9 101- 1 1 !
10 10 10 10 10 10 10 10
11
12 12 12 12
13
14
15
16
17

,

18
19
20 20 20 20 20 20 20 20
21 1

22
23
24 1 1

25 , 1 !



• •
Spreadsheet entry of data for graph of Task 1

•

J\)

~

Z AA AB AC AD AE AF AG AH 1 AI 1 AJ AK AL
1 22.1 27.2 28.7 29.499 29.5 29.91 30.3 30.6 31.2 31.4991 31.5 32.399 32.4
2 2 2 i
3 1 3 3
4 1 1 1

5 1 1 1

6
7
8
9 9 9 1
10 10 10 10 1 10 10! 1 10[ 10 10
11 1 1 1 1 1 i ! !
12 1 i

1 1 1,
13 1 1 1

1
1

14 1 ! 1 1 11

15 1 1 1 1

16 ! i 1 1 1 ! 1 1
1 !

,
117 , 1

18 : i
,

i
1

1 i 1

, -
19 ! 1 ,

i , 1

20 201 1 ! 1 i 1 i 1
1, , i

21 1 211 211 1 211 21 ! 1 211 21 ! 21 i 1 21,
!

,
1 1 1 1

, ,
22 1 , ! , 1

23 1
1 i 1

1
1

1
1 1, , 1

1 1 1 1 1
1

1 1
1

124 , , 1

25 1 1 1 1 ! 1 1 1 1 1 1



• •
Spreadsheet entry of data for graph of Task 1

•

1\)
01o

AM AN AO AP AQ AR AS AT AU AV AW 1 AX AY
1 32.599 32.6 37.099 37.11 38.3991 38.4 39.8 39.899 39.9 41.8 45.399: 45.4 46.299
2 1 1 1

3 1 1

4 4 4 4
S
6
7
8
9
10 10 10 10 101 10 10 10 10 10
11 1
12 1

13
14
15
16
17
18

1

19
20
21 21 21 21 21 21 21 21 21

22
23
24
25



• •
Spreadsheet entry of data for graph of Task 1

•

N
ut
-"

AZ BA BB Be BD BE BF BG BH BI BJ BK Bl
1 46.3 46.499 46.5 50.1 50.299 50.3 51.1 52.399 52.4 52.9 56.4 56.8 57.2
2
3
4 1

5
6
7
8 8 8 8
9 9 9

10 10 10 10 10 10 10 10

"12 1 t 12 12
13 1 1 1 1 1 1 1

14 1
1 1 11

15 1 1 1 1 1 15

16 1 1

17 1
J iJ

18 1 1 1 1

19 1 1 1 1 1 1

20 1 ! 1 1
1

1

,
1

1,
1 ,

21 21 21 1 211 1 1 1 21 i 211 21 ! 1 211 211

22 1 1 1 i i 1 1 1 1

23 1 1 1 1 1 1

24 1 1 1 1

25 1 1 1 1 1 1 1
,
1



• •
Spreadsheet entry of data for graph of Task 1

•

1\)
Ut
1\)

BM BN BO BP BQ 1 FR 1 B5 1 BT BU BV BW 1 BX BY
1 58.5 61 61.499 61.5 621 62.7/ 63.81 66.51 67.2 68.399 68.4/ 69.799 69.8
2 1 1 1

3 3 3 3 1

4
5 5 5
6 1

7
8 8 8 1 8 8 8
9 1

9 9 9 9
10 1

11
12 12 12
13
14
15 15
16 1

17
18
19 --
20
21
22 j

23 23 23 23 23· 23

24
25



• •
Spreadsheet entry of data for graph of Task 1

•

1\)
UI
c.:>

az CA ca CC CD CE CF CG CH CI 1 CJ CK 1 CL
1 73.5 75.699 75.7 80.81 82.5 83.5 84.7 89.3 89.799 89.81 93.4 95.1 96.899
2 1

3
4 4 4

5
6
7
8 ..
9 9 91 9

10 101 10
,

10
1

,
111 1 1

12 12 12' 1

13 1

14 , 1

15 1 1 15 15 15 15
16 1 1 1 l
17 1 1 1 17 17

18 1 1
1

1,
i 1

,
1 1 1 :19 1

20 1 1 1 1 1 1 1 1 1
1
1

21 1 211 211 1 1 1 1

22 1 1 1 1 1 1 221 22 22
23 1 1 1 1 23 23

24 1 1 1 1 1
25 1

1
1

1 ! ! 1 i 11 1



1\)

U1

"""

•

CM eN co
1 96.91 98.4 100
2
3 1

4
5
6 1

7
8

--

9
10
11
12
13
14
15
16
17 17
18
19
20
21
22
23 23 23 23
24
25

•
Spreadsheet entry of data for graph of Task 1

•



• •
Spreadsheet entry of data for graph of Task 2

•

1\)
Ul
Ul

% data task2 0 2.51 3 6.3 6.6 7.1 7.7 8.7 10 14.5 14.61 16.1
RBRF 2 2 2 2
OPERF
OCONS 4 4
GEN 5 5 5 5

ORAW 6 61 6 6
PMU
MANIP
MMU 1 1 1 !1

RMU 1 1 1
1
1

CMMU 1 1

ARM 1 1 1 1 1 1

ABAN 1 1 1 1 1 1 1
PPR 1

1
1 141 14 1 1, 1

MPR 1 1 1
1

1 1 15 15 15 151

IPPR 1 1 1 1 1 1 i
MOOPR ! 1 1 1 1

1
1

;
1

EGEN 1
1 1 1 1 1 i

EORAW 1 1 1 1 19

TMU 1 1 1 1 1

EMU 1 1 1

TPR 1 1 1 1 221 22!
EPR f- I 1 1 1 1 1 1 1 1

RRMU 1 1
1

1 1 1 1 1 ! i1

RRPR 1 1 1 1 i 1 1 1 1
1 : ,

1



• •
Spreadsheet entry of data for graph of Task 2

•

1\)
01
0)

18.2 19.5 21.799 21.8 23.099 23.11 24.1 24.6 25.7 27.3 28.2 28.31 28.5
1

, i
1 1 1 1 i

i 5 5 51 5
1

,

1

1

1

1

12 12 12

1 131 13
14 14 14 14 14

15 15 15 15 15 15 15

19

22 22

1



• •
Spreadsheet entry of data for graph of Task 2

•

N
U1
-..J

28.599 28.6 29 30.1 30.6 33.9 35.7 36.2 37.1 37.9 43.6 43.899 43.9
1

1

1 1 1

5 5 5 5 1 i

8 8

1

12 12 1 1 12 12 1

,
1

1 1 1 i
1

1 151 15 15 15 15

1 16 16
17 17 171 1

1 1 1 ! ! 1

1 1 i 1
1 1 1

1 1, ,
1

,
1 i

, i !! 1

1
1 i 1 1 !

,
i i t ,

1 ! , ,

1 ! 1 1 221 221 1 ! 221 221 22
1

,
1

1
1

1 1 11 ! 1 1

1 1

,
1 1 1 1 ! 1 1 i 1i

: 1 1 1 1 1
1 1 1 1 1 1,



• •
Spreadsheet entry ')f data for graph of Task 2

•

J\)
lJ1
<Xl

, .

45.199 45.21 45.61 45.81 48.21 48.8 49.0991 49.11 49.4! 53.2 55.0991 55.11 55,499

1
1

1 1 ! 1
1

1
1 1

1 1 1 1

,
1

,

1
,

1 1
i
1

1 !
1 1 1

1 1 1
8 81 8 8

1 1 i 1 i
-L 1 1 i

1 : i

15 15 15 15

17 17 17 17 17 17 17 17
1

1 1

1
1

1 11

1 22 22 22 22 22 22

1 ! 1 ,



• •
Spreadsheet entry of data for graph of Task 2

•

r,)

~

55.51 58.71 59.9 60.3 61.5 61.699 61.7\ 63.1 64 64.1 69.1 69.399 69.4
1

1
,

11---.
4 4

1 1

1

8 81 8 8 8
1

1 1
1 1 1,,
i 1 1 1 ! 1 1: ! ,

1 1 i i
,

1 1 1 i1 i
i 1 ,

! 1
1 1

, , ,
1 1 1 1 1 ,

1
1 1 1 1

1

1 11

1 1 1 1 1 1 1
1

1;
,

1 1,

i i 1 1
1
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Spreadsheet entry of data for graph of Task 2
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Spreadsheet entry of data for graph of Task 3

•

1\)
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Spreadsheet entry of data for graph of Task 4

•

l\)
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% data task 4 1 0 1.31 1.5 3 3.099 3.1 3.2 3.8 4.1991 4.2 4.61 5.2
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4

•

1\)
-..l
1\)

],

: 20.7 20.9 21.399 21.4 21.499 21.5\ 21.9991 22\ 22.2 22.3\ 22.4 23.2991 :!3.3
1 1 1 1

1

9 1 9 9
10 10 10 10 10 10 101 10 10

.

1

1

1 1

20 20 20 20 20 20 20
21 21 21



• •
Spreadsheet entry of data for graph of Task 4

•

1\)
-..j
(.0)

23.599 ~.6 24.699 24.7 ~.299 25.3 25.6991 25.7' 25.8 26.1 26.71 26.999 27

1 2 1 2 2

1

5 5 5

1

1
1 !

10 10 101
1

10 101 101
1

! 1

1 1
1

1 i 1 i ! 11

1
1 1 1

i,
1 1

1 1
1 1 131 13 11

1

1 1

1

1

1 1 1

1 1 1 i
1,

1 1 ! 1 ! 1 1 1

21 ;<: 1 1 211 21 211 1 21 21 i 1
1 1 1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1
1--

1 1 1 1 1 1 1 ! 1



• •
Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4

•

1\)
......
U1

36.41 381 38.6991 38.7 391 40.81 40.91 42.51 42.81 43.199 43.21 43.4 45.2
1 1

1
1 :1 ,

1 i
,

1 11 1 1

1
1

1 1i

1 1 1

1 i 1

1 71 7 7 : ,
7 7 7 7, !

1
,

1 1 1 1 1 11

_. 1 1 1 1 91 91
,

1
, ,

1 1 : 1

~ ! 1 1 1
1 101 101 ! 1 10: 101 i 1 1

1
1 i 1 1 i i, 1 , 1 , 1

121 12! 1 121 121 i 1
1 1 i ,

1 i 1

1 1

1
1 1 1 1 1 1 11 , !

1
1

1
1 1 1 1 1 1, ,

1 1
1 1 1

1 1 !1 1 1 1

1
1

1 1 1 1

,
1 1 1 ! 11 1

1 i
, ,

•

1 1 1
1 1

11 i 1 ,

1
1

1

,
i 1 i: i

,,

! 1 i
; ,

!
,

i 1, i ,
1 , . <

1 1 1 201 201 201 20 201 i 201 i 1

1 i 1
1 , i 1

1
1

1, 1 , 1

! 1
,

l i i 1
1 1,
!,

1 1
1 i 1 1 i 1t ; 1 1

1
, . ,

•
]

1 i, 1
,

: .
, . ;

1



• •
Spreadsheet entry of data for graph of Task 4

•
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4

•
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 4
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Spreadsheet entry of data for graph of Task 5
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Spreadsheet entry of data for graph of Task 5
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