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tIn the Computer S
ien
e 
ommunity it is widely a
knowledged thatlearning to program involves learning theory as well as pra
ti
e. Edu
a-tional resear
h has however sin
e long had an emphasize on 
on
eptuallearning (theory). In Computer S
ien
e Edu
ation resear
h mu
h atten-tion has been paid to some aspe
ts of the pra
ti
e, su
h as learning tools(Valentine, 2004), but little resear
h on the 
orresponding learning out-
ome from said tools is reported, or how the pra
ti
e relates to 
on
eptuallearning (Gross and Powers, 2005). My main resear
h interest 
on
ernsthe role of pra
ti
e in relation to theory when students learn to program.How does learning of 
on
epts in�uen
e students' ability to learn andmaster the pra
ti
e, and vi
e versa, how does students' understandingand learning of the pra
ti
e in�uen
e the pro
ess of 
on
eptual learning?My resear
h question is spe
i�
ally:How is 
on
eptual learning and pra
ti
e related in programming edu-
ation?The present resear
h builds on �ndings from two empiri
al studies with
omputer s
ien
e students and aims at dis
ussing and problematizing the
omplex relation and mutual dependen
y between theory and pra
ti
e inprogramming edu
ation, with a fo
us on novi
e students. Based on thetwo studies and related work I argue that the pra
ti
e is not merely ameans to rea
h the theoreti
al learning goals, but is part of the learninggoals. This implies that the programming knowledge area 
annot be fully
overed by 
on
epts. The pra
ti
e as su
h is knowledge that students aresupposed to master, and this knowledge 
arries meaning to the 
on
epts.Furthermore empiri
al eviden
e shows that students often experien
e thepra
ti
e as di�
ult to learn as the theory, and that there exists a mutualand 
omplex dependen
y of the two in the learning pro
ess. One 
annotbe learned without the other, and any of them 
an be
ome an obsta
lethat hinders further learning.The present work emphasis the importan
e for resear
hers and edu
a-tors to understand both pra
ti
al and 
on
eptual learning, and how thesetwo are related. The results point to that one of them 
annot be fully1



resear
hed without the other; both need to be studied simultaneously inorder to understand the learning pro
ess.The work furthermore proposes a way to resear
h the 
onne
tion be-tween 
on
eptual and pra
ti
al learning. By 
ombining results from a phe-nomenographi
 analysis (Marton and Booth, 1997) on novi
e students' un-derstanding of the 
on
epts obje
t and 
lass (E
kerdal and Thuné, 2005)with 
ommon novi
e programming a
tivities, it is argued that a
tivitiesat di�erent levels of pro�
ien
y relate to qualitatively di�erent 
on
eptualunderstandings. Con
eptual understanding at a 
ertain level 
an help toreveal the meaning embedded in 
orresponding a
tivities, and fa
ilitatefor improved pra
ti
al skills. Similarly, when the meaning embedded ina
tivities at a 
ertain level of pro�
ien
y are dis
erned, this 
an open aspa
e for learning aspe
ts of 
on
epts at a 
orresponding level.The results that emerged from the analyses of the two studies 
an tosome extent explain why e.g. lab a
tivities do not automati
ally lead todeepened 
on
eptual understanding, and why 
on
eptual understandingdo not automati
ally lead to a higher level of skillfulness in programmingedu
ation. The former is 
learly showed in the history of 
omputer s
i-en
e edu
ation, while the senior students in the se
ond study spe
i�
allyemphasize the latter. A
tivities that relate to more advan
ed ways tounderstand the 
on
epts may not be meaningfully 
arried out by studentswho have not rea
hed 
orresponding level of 
on
eptual understanding,and ways to understand the 
on
epts that go beyond the level of the stu-dents' pra
ti
al pro�
ien
y may not be understood or dis
erned by thestudents. The present resear
h suggests that in order to make 
ertainpra
ti
e meaningful and thus open a spa
e for learning, 
orrespondinglevel of 
on
eptual understanding need to be rea
hed. The reversed orderof learning is also possible: if students dis
ern the meaning embedded ina 
ertain a
tivity, this 
an open up a spa
e for learning the 
orrespondinglevel of 
on
eptual understanding.Dis
ussionThe present resear
h dis
usses that the knowledge area in programming edu-
ation 
annot be fully 
overed by 
on
epts; the pra
ti
e per se is part of thelearning goals. Furthermore the pra
ti
e and 
on
eptual learning 
annot be sep-arated in the learning pro
ess, and pra
ti
e and theory mutually 
arry meaningto ea
h other. How 
an students possibly advan
e their 
on
eptual understand-ing and pra
ti
al skills in su
h a 
omplex learning spa
e?Phenomenography has been used in edu
ational resear
h to identify 
riti
alfeatures of various phenomena like 
on
epts, and variation theory has been usedto dis
uss patterns of variation to open a spa
e of learning for students (Martonand Booth, 1997; Marton and Tsui, 2004). If pra
ti
e, and not only theory,is part of the learning goals, and if pra
ti
e and theory are so inevitably and
omplexly related in the learning pro
ess so that they mutually 
arry meaningto ea
h other, does this imply that there are edu
ationally 
riti
al features ofnovi
e students' pra
ti
e on whi
h patterns of variation 
an be applied in orderto �nd impli
ations for tea
hing and learning?The present resear
h raises some important questions:2



� How 
an phenomenography and variation theory be used for resear
h onstudents' learning the pra
ti
e?� Spe
i�
ally, are there edu
ationally 
riti
al aspe
ts of the pra
ti
e that
an be identi�ed, and on whi
h patterns of variation 
an be applied?I aim to present results up to date, but more importantly, I would like todis
uss the questions above and other theoreti
al impli
ations that follows fromthe results that the knowledge area involves theory as well as pra
ti
e, and thatthey are mutually dependent and 
arry meaning to ea
h other.Referen
esE
kerdal, A. and Thuné, M. (2005). Novi
e java programmers� 
on
eptions of'obje
t' and '
lass', and variation theory. In Pro
eedings of the 10th AnnualSIGCSE Conferen
e on Innovation and Te
hnology in Computer S
ien
eEdu
ation, pages 89 � 93.Gross, P. and Powers, K. (2005). Evaluating assessments of novi
e program-ming environments. In Pro
eedings of the First International ComputingEdu
ation Resear
h Workshop, ICER, Seattle, Washington, USA.Marton, F. and Booth, S. (1997). Learning and Awareness. Lawren
e ErlbaumAss., Mahwah, NJ.Marton, F. and Tsui, A. (2004). Classroom Dis
ourse and the Spa
e of Learning.Lawren
e Erlbaum Ass., Mahwah, NJ.Valentine, D. (2004). Cs edu
ational resear
h: A meta-analysis of sig
se te
h-ni
al symposium pro
eedings. SIGCSE Bulletin Inroads, 36(1):255�259.

3


