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Foreword

ion i ing theme
what constitutes knowledge in technology education is the overarching

: 'e;i_ss'uc of in technology education and why

C e TERC2010.  What is useful or powerful knowledge
s tii:af' so and how do we know that?

hnotogy Educaton Association launched its pubhcano‘n
e Content for_the Study of Technology and c9ncludcd thatblt
petrson should know and be zble to do in ox@er tod z
More recently the conmections between technology, innovatio

iphlichted and even more recently the
(FTDE) have been highlighted an oy Al of

eptesented what every
chnotopically literate.
ssi ineering _ .
e e bemoon s i athernatics
- ongecdons between science, technology, engineering and ;nd
:hese have implications for the nature of technological knowledge.
i i nd, Hon
C tributors to the proceedings come from Ametica, Austraéla, tianztéa_, E.r:%]ir Ed; | Th§
" Kon ia, New Zealand, Sou rica, Sv
and, Israel, Japan, Malaysia, ‘ eden
. Kon&g . ]]-:]‘(3115 ',I‘aiwan a;id the USA. The chapters cover a wide tange o.f. con dlz Oragyry
. - ion i i (1} tion, pe
Ne es and tﬁemcs in technology education including, cu1r1c1_zlum, co%ﬁom,a Ei)oﬂ ganci
ot i i issues,
tion, contengous N
i technolo teacher  educa s - end
pnmarym'cau’on tecghﬁologies As with previous conferences many papets could ot be
st , i ich i i een 4 num
C;) ssified into single categoties and displayed rich interconnections bct;vreseamh o
jcs:ues What is both important and heartening to see is the tange o

being undertaken to improve the quality of technology education.

Howard Middleton
Convenor, TERC 2010
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Technology Education: Towards a
Conceptualisation of Higher-Order Thinking

Brad Walmsley
Griffith University

It has become an important aim of technology education learning activitics to support
students use and development of higher-order thinking, However, it seems that current
theories have difficulties with defining higher-order thinking, and this lack of
understanding often tesults in technology education teaching and learning that is
fashioned by teacher intuition rather than by knowledge gained through empirical
tesearch. In other words, experienced technology educators are well versed in the teaching
of technology related content, however they are provided with minimal support in
understanding the natze of and sepport for higher-order thinking in their classtoorms. In
response to this disparity in knowledge, this paper briefly reviews relevant literature to
underpin the need to establish 2 conceptualisation of higher-order thinking. Subsequent to
this review, higher-order thinking is conceptualised in terms of cognitive, behaviour
setting and activity theories.

Introduction
Inspitation for this paper is drawn from a swmudy that examines theores of cognition,
behaviour settings and activity in otder to interpret the technology education learsing
environment in terms of its capacity to promote student higher-order thinking (Walmsley,
2009). The following sections of this paper provide a partial synopsis of the literature
review from within that study. :
Teaching and Learning in Technology Education
Technology education is moving towards a curticulum mote focused on technological
problem-salving. For example, Sandets (2001} studied the transifion from industtial arts to
technology education within a number of Ametican education districts, Sandet’s collection
of sutvey responses from 418 teachers within these various disticts indicated that a
transition towards technology education was evident. Tn response to the resulis of his
study, Sanders argues that:
Considerable change has been raking place over the past few decades, but the legacy of
industrial arts is also evident throughout the data, The dynamic between change and legacy
scemns to characterize the field at this point in time; technology education is a work-in-progress.
(Sanders, 2001, p. 53)
Zuga (2004) and  Zuga and Bjorkquist (1989) argue that the movement towards
technology education and away from industriel arts education has resulted in a reseatch
effort focused on curriculum content and to a lesser extent on instructional methods that
support such learning objectives as problem-solving, innovaton and higher-order
thinking, Therefore, curricalum change, as highlighted by Sandess” (2001) study, indicates
that research should focus more on examining the pedagogy (i.e. instructional design or
teaching strategy selection), in addidon to the content of contemporary technology




educzation classtooms,

classtooms display teaching strategies that reflect cognitive or intellectual theosfe
leatning and that the learning environments in these classrooms support student hig
order thinking. Conversely, Schultz, (1999) argues that technology education classroding
that base their cutriculum on the more traditional project work have the Ppotential o
support student higher-order thinking, While it ig important to understand how student
higher-order thinking might be supported within the various forms of technologj}_
education classrooms, it would se ally as important to understand the nature”
higher-order thinking in order to do 50, The following section briefly reviews litera
that examinies the nature of and contemporary definitions for higher-order thinking,

Contemporary Understandings of Higher-Order Thinking

Resnick (1990, 1987) atgues that across educational stakeholders there are vation
definitions for higher-order thinking, Resnick atgues further that the various thinking skiljs,
{eg. critical thinking, metacogniton, cognitive strategies, heutistics etc,) advanced by thos
who appear to hold different theoretical orientations are in fact related, More tecently,

Smith (2001) argues thar attempts to define higher-order thinking in terms of these
aforementioned skills have proven untenable,

Lewis and Smith conclude that philosophers lean towards critical thinking as a focus.

for instruction: whik DPyeholagists prefer the term Hhinking skills (Lewis & Smith, 1993, p. 136), :

Smith (2001) argues that many theotists provide critical thinking as an alternative 1o
highes-order thinking, Additionally, Smith argues that too often, critical thinking is defined
as broadiy encompassing all the thinking skills, rather than only those of: reasoning and -
argrmentation (Smith, 2001, £.349). O"Tuel and Bullard agree that critical thinking as 2 term
is sometimes regarded as including all forms of thinking: bard or degply (O"Tuel & Bullard,
1993, p.1}.

Bloom, Englehart, Furst, Hill and Krathwchl (1956)
educational objectives, These objectives include knowledg
analysis, synthesis, and evaluadon, Postlethwaite,
faxonomy (i.e. Bloom’s Taxonomy) is able to disti
lower and higher levels, with knowledge or recall
at the higher end of the continuum, The levels
often represented in the fiterature as b
{Cruikshank & Olander, 2602; O
that thinking is hierarchical, but
the hierarchy is conceptualised.

Cuban argues that attempts to define
problem-sclving, creative thinking,
swargp (Cuban, 1984, p.676). That is,
have arisen because of the inherent
philosophical and psychological cons

most often utilise a sciertific pro
philosophy) consistently utilise a crid

conceptualise a taxonomy of
€, comprehension, application,
(1993) atgues that Bloom et al’s, (1956)
tiguish between cognitive demand at the
being at the Jower and evaluation being
of analysis, synthesis and evaluation are
eing indicative of thinking at the higher-order levels
"Tuel & Bullard, 1993). Thus, there appears to be 4 view
different views zhout how thinking at the higher end of

different forms of thinking {e.g. critical thinking,
metacognition, etc.) have proven to be a: conceptual
difficulties with defining different forms of thinking
desite of tesearchers and stakeholders to segtegate
tructs. In other words, the sciences {i.e. psychology}

blem-solving approach, while the humanities (i.e.

cal evaluative approach to the solving of problems

, : 993). However, Lewis and Smith (1993), Newmm (199
gg‘()‘z; f;giini;tla n)mre general framework is required rto mterpre_t'th.c_'pr
thinking, Lewis and Smith (1993) and Smith (2001} atgue that current appro: : h
tudy of thinking have been defined in terms of an ovetly narrow focus. o specific
i‘niniz;ng skills, such as critical thinking, On this basis, Cuban (1984), Lewis and Smith

(1993), Newmann (1990) and Smith (2001) argue for a definiian of higher-order thinking -~

that transcends disciplinary boundaries.

- . inking
tualising Higher-order Thinking .
\(X:'/(:]::ll(s::;) (2009 ug]isedg quantitative and quahtau.ve resc_:a_rch IPCt'hof_; tct) ;fnaolm;ne
students’ interactions with different types of le,m;]_lr;;g actilw;yﬂznngujilg i ;C (;s; e TEZ
i ting in terms of students’ highet-orde mes.
ef;dcmgjnf 1::}?;:{;?1;;1: cpapegr is drawn (Walmsley, 2009), advances a conciptt.lahsaucg;nof
ii hlr—order thinking, synthesised to inco:porzjlte influence fro.m j{{l_‘ne bel :vﬁc:f ,mgé
cu%tu.tally mediated activity (le. actions using cultj.:rally significant  te plcal and
sychological tools), and the hierarchically con!.;rf)]led internal cagnitive s'trucrheo e
ge}rfson. The synthesis of these theories {ie. cogfmh?vg theo;l'y, b;]l;:\kr;z;r i:fgeuigmeamx_zg o
ivi tualised in terms of higher-order , in :
ifmi;yoﬁe;crgzﬁés ccl:;lsi?:}m zctions and teachers’ decisions rnad.c r.elau‘ve to PI:;CHECi
dﬂzzroom leaminé outcomes and students’ use of higher—ozdf:.r tl_nnkmg mlrhe red s:ﬂzn
ofzl these cutcomes (Le. the object of the activi_gy ?‘rlstemzi \:lmkugpgc:;hg; glgeg cznl:;pt on
. following sections of this paper provide theoretical su , conc
lilizslfgf—;:::r Dthinhﬁg as advanced in Walmsley’s 2009) study of student higher-order
thinking within technology education dlassrooms.
i iti tures ‘ o
ilefmc%ysoxfﬂ?silgt?:hi?l;cre exists a: general agreement that lower and bigher order tbtgr/émg
S Arl
.rk;/; can be distinguished (ewis & Smith, 1993, p.132.).. Stevenson (1984) .ai;anzzscz gn(i:gg
of cognitive adaptation that coneeives of the cognitive system as conslsl dg i
jtetns (facts or conceptual knowledge) and procedures (procedt::al imgzw chgc) O;Lry;kﬂl
levels or orders. Stevenson combines aspects of Andt?rsonf (19988 t k?](irihcory i
acquisiion, Scandura’s (1981) hierarchy of rules and Fllschcrs ¢ h) skill theory 10
fi , ulate ’a theory of adaptive cognitive processes which traces the acquis n
domcilo ment of cognitive skills through a hierarchy of transfotma.uons (St-..e\‘rensz‘m, ¢ raé
l;gﬁbAP Stevenson & BEwvans, 1994; Stevenson, 1998). That is, cogml:mz1 1tems are
sf(,)rmed by higher-order procedutes into specific lowv‘er—order procedures Ermg me]_
r;?rﬁng Thes{: lower-order procedures are then combined or res:&uc:a;izil1 tyﬁﬁfﬁ;ues
(i i learning situations. ers
her-order) procedures during subsequent le | - Ar .
i1'.)‘:1{52:')oz;:; g:.gc i;:ﬂ(;;/ az'c};i!ermm across these situations is bierarchical, goal structured, and hasically
i - i fing (Anderson, 1982, p.403). . N o
ﬁ@ﬁg&ﬁiﬁ’ﬁ(f%ﬁﬁ%ﬁé&eg a model of covert adaptive cogaitive processe; Whlc'}; 1:
}dcrajc}ﬁ:Zle otganised in 2 similar fashion to Stevensox}’s (1984) t.h_eorydo co.grlil :r'e
adaptation. Stevenson’s (1984) and Barkley’s (2001) r.h‘corles c.>f coggm;re a azlsi;aeu;) > e
con};ruent t0 the extent that they identify a broadly applicable hle[’fl[.(.‘l'llc'a cc;rgmm dif)fvcrem
that enahles transformations to occur. Despite each theory odginatag fro




perspectives, with Stevenson’s emanating from cognitive
: ma gnitive psychology and Barkley

Ergananng from neurogsyc?nology, it 15 argued that the two theoties can be intcrpretedy :
eing mutually supportive in terms of acknowledging a hierarchically structuted cognitive’

system that has as its purpose for the individual to adapt to0 new and unusual
circumstances. However, understanding the controlling mechanism that helps people to:

%cidefWhenm tofcﬁ) what is an issue that arises when higher-order thinking is examined
etcfore, the following section examines lic i - i i
order thinkine erature regarding self-regulation and higher
Self-Regulation
Tshe self-regulated learner has a requirement for competence, autonomy and relatednes
Eh tcfano‘g, et al, 200_4) and has personal attributes {thinking dispositions ot thoughtfulness)
at facﬂltat.e glcamngfu! engagement with the learning situation. Ryan and Deci {2000)
argue. that it is the Isatlsfactlon of an individual’s basic need for self-regulation that
contributes to a feeling of psychological wellbeing and it is essential for educators

employers, ete. to ackaowledge sitvations that promote the fulfilment of th
regulatory needs. Boekactts defines self-regulation fs: ot these sl

;C.,scn.hfents’ attempts o attain persc_mal goals by systematically penerating thoughts, actions, and -
eclings at the point of use, taking info accotnt the local conditions. Self-regulaton is 4 -

“fundamental psychelogical construct”, ockaerts, 2002,
According to Boekaetts (2002}, adaptation to non-routine simatic()is is go;feme’clp.}iorzl
person’s goals (i.e. desitable hypothetical futures) and is regulated by a person’s theory) of
self (Le. a person’s prior leaming or life memoties). Bath experience and confexct contribute.
S‘RL [self—regul'ate.d learning] (Paris, & Paris, 2001, p-99). Therefore, it is argued that
higher—orde%’ thinking is governed by a process of self-regulation. That is, a person’s goals
or hypothet‘ical futures promotes and regulares a person’s higher-order thinking processes. .
towards satisfactory g(?al attainment. In other words, self regulation ard goal attainment :
fe a petson’s petception of a desirahle hypothetical future for oneself) drive the process
of higher-order thinking by determining when the goal has and has not been achieved,

Addidonally, students are influenced by aspects of the learning environment '

(Stevenson, 198651). These aspects or factors affect the level of cognitive engagement that
students exhibit with their leatning rasks (Talbert & McLaughlin, 1993, Tessmer & Richey,
1997). St.evenson (19862} defines the influence or press on student thinking by particulz;
factors within r_he leatning environment as Cognitive Holding Power. Cogritive Holding .
Po\lver (CHP) is defined as the press exerted by an educational fearning environmentg .
which causes students to execute certain levels of procedural knowledge (Stevenson’ :
19862}, that is, to engage students in patticular kinds of thinking, Press in this contex;.
_refcrs.to the learning environments’ influence on positive or negative goal attainment and
is a‘cmvatcd by the tasks students are required to encounter within the educational -
enwrorll.mcnt (S.tevcnson, 1986a, 1998). Students perceive and interpret these tasks based
on t}.aeur own internal cognitve structures and on the proximal influence or Cognitive |
Hol_dmg Pon:r of the task environment (Stevenson & Fvans, 1994). In other words, the
environment influences the perception of a person in terms of goal attainment and jthus
hag an mﬂgence on the processes involved in higher-order thinking, The following section
examines literature concerned with: the learning environment and higher-order thinking,

The Leatning Environment

Barker’s {1968, 1978) theory of bchaviour settings is examined to conceptualise the
environment’s influence on an individual’s process of cognitive adaptation. Chiel and Beer
atgue that:

Adaptive behaviour is the result of continuous interaction between the nervous system, the

body and the envitonment, each of which have rich, complicated, highly structured dynamics.

(Chicl & Beer, 1997, p.555)

The premise of Barket’s theory is that the behaviours of the majority of people within a
setting can be predicted because of the influence of the characteristics of that setting, In
other words, the setting exhibits a causal effect upon collective individual behaviour and
this effect occurs irrespective of the innate differences between individuals within the
same setting (Barker, 1068, 1978, Wicker, 1984, 1991, 2002). Behaviour setting theory
acknowledges the intetaction of person and place, for without people a place cannot be
defined as a behaviour setting (Barker, 1978; Wicker, 1984),

Behaviour settings contin human and non-human components, have spatial and
tempaorat boundaries and have ongoing patteras of behaviour, or programs that govern
how the majority of human patticipants engage in their activitics (interactions between
people and inanimate objects) while they inhabit the setting (Wicker, 1984). Behaviour
settings are self-regulating to the extent that they suppott the desirable hypothedeal furures
tpersonal goals) of individuals and these individuals strive to maintain the program in
otder to realise these goals (Wicker, 1984). However, it is not imperative that all members
of 2 behaviout setting have exactly the same goals; though it is imperative that the
aggregation of these disparate goals maintains the setting program, Thetefore, hehaviour
settings may be conceptualised as 2 complex system of relationships between objects and
behaviours that support and maintain individval goal attainment through a socially
maintained setting program.

While behaviour setting theory uses the behaviour setting as its unit of analysis, activity
theory uses the: historically evolving collective activity system, seen in its network relations
to other activity systems, ...as the prime unit of analysis against which scripted strings of
goal-directed actions and automatic operations ate interpreted (Engestrom, 2000, p.960).
Therefore, because of its focus on collective activity as the basis for the meaningfulness of
individual actions, the following section examines literature related to the role of activity
within settings and its influence on higher-order thinking,

Activity Theory )

The central principle of actvity theory is that human cognition cxists because of the
interreladionship hetween the individual and his or her socially determined matetial
environment (Susi & Ziemke, 2001). The activities of the individual are: wotinated and
regalated by bigher-order goals and are realised Hhrough actions that are themselves relativey independent
comsponents of each activiy (Hacker, 2001, p.58). Jonassen and Rohrer-Murphy argue that:
...activity theary provides us with an alternative way of viewing human thinking and activity (Jonassen
8 Rohrer-Murphy, 1999, p.62). Rather than learning occurring as a precutsot to activity,
activity theory proposes that leatning occurs simultaneously within activities (Roth, 2004,

Susi and Ziemke (2001), Hacker (2001), Engestrtm (2000) and Jonassen and Rohter-
Murphy, (1999) argue that within activity theory, activities are considered to have a




hietarchi i .
chical structure, At the highest level, activities are undertaken 25 a result

erson igni ivati i i
Porpose 1 deint o b ot o ey, o vl ol
o o el . e s Qo & e gy, 1
sy e cetvky L G & s S0 o & s gty o
Zf%;zf:iiit C;fuqtff::s alci;:ggisd ;lllat :llpgf;t S}z}?(e:l ﬁ:cnaﬁiﬁat:hioaiici:ﬁ itolli:cu .
i G th scivky sy, That . . iy s o e s

directed actions and automati i
' matc operations) can only be fully i 9
against the overall object of the activity. d y undetsiood when interpreied

Conplus:on: A Conceptualisation of Higher-Order Thinkin
The ht.crature associated with cognition, behaviour settin :
sone justification for the concept tha cognition invg
e{ldaptlvc system that facilitates cognitive transformatio
E;t;r;l ee;]f:sgcment wlﬂz) non-routine :situations when 2 person’s memories of previo
ot p;s:rezo Sc madeql’iate In pursuit of personally relevant goals or possibie
e e : (;evensons (1.984) and Barkley’s (2001) theoties are mutually
M in sd;ig;; g %:ig::ig;ﬁiuor;&has Eeen outlined as an important facilitator of
; ! - Be setting theory (Batker, 1968, 1978) supports a vi
of behaviour settings as having an ordered and sociall intai that impacn,
G b y maintained program that Z
E,Ti]m neiiglatwely‘and posﬂ:ivelyf upon vatious individuals’ personal Zoa%f attaimneﬁ?l}igi;
that setting, and thus influences the types of activities 2 person may engage in

durin ine i i i i i
g routine or non-routine situations in pussuit of their goals. Activity theoty provides

a d)’ﬂﬂnllc framework fOJf analysn' 1g ac ‘[)l 5 as ])art of co ectave actvites In contex , &: (1
: g . '
nowle ging ¢trole of ¢

ture and history during goal attai
| goal attainment.

Tha?iercforc_,‘lt would appear that ti_le teviewed literature is related in important ways
That r,e;c;]itzgvfe?wry argm;s that higher-order thinking has a hierarchical structure anci
clf- upport goal attainment, Behayi i : i
settings are hounded, self-regulated and mairc;t;i‘:our ing orogme B ot bebost

goal attainment. Activity theory arpues that activi i
collective object of the activity, andgﬂiat thea ota)ljc b g BonEaieed by the

coliec : ect is the motivating factor th

e : \ g of that regulates
P r;nt agc;t;(lasnsp rlgv?dfswt of goal;. Thus, the self-tegulated attainment of perfia]]y
s & point of intergect ithi
pora p section and focus between and within these

s and activity systems provides
olves a hicrarchical, controlle
ns, These transformations result

Cutrent theoties seem to relate higher- inki i ith indivi
on heuristics or the conditions of uihsz ﬁgﬁiﬁ?ﬁi%ﬁ:ﬁy s o s e
Interpretation of the natute of higher-order thinkin aﬂg)
environment can be stuctured in its support. 'I'hf:rcforég it ma;
lorder thinking, as conceptualised (Walmsley, .
n?dividual and the environment, This rclau'oz;s
higher-order thinking does not originate

rather than on 2 holistic
how learning and the
y he argued that higher-
2909), empowers influence upon both the
kip is significant, beeause it recognises that
solely in the individual and that higher-order

P

a setting program in order to support -

thinking is influenced by other factors. Importantly for technology education, it is 'ai:gﬁéd o
that some of these factots can be controlled and modified by the teacher (Walmsley,
2009). :
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