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A Spatio-Temporal Perspective to 
Knowledge Management in the 
Construction Sector
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ȳȱǘǣǖǣǘǓ�ǘǤȨǝǚǓ��7)'-�ǟǝȰȨǠ

8LI� GSRWXVYGXMSR� WIGXSV� MW� ER� MRJSVQEXMZI� MRXIRWMZI� SRI�� -R� IZIV]� TVSNIGX�� HYVMRK�
IEGL� TLEWI� EVI� KIRIVEXIH� LERHW�SR� I\TIVMIRGIW�� TVSFPIQ� WSPZMRK� GETEFMPMXMIW��
YRHIVWXERHMRK�SJ�ZEVMSYW�QIERW�ERH�QIXLSHW��ERH�LMKLP]�GSRXI\XYEPMWIH�WSPYXMSRW��
8LMW�ORS[PIHKI�VITVIWIRXW�SRI�SJ�XLI�QSWX�MQTSVXERX�EWWIXW�JSV�%)'3�ƼVQW��-R�XLI�
GSRWXVYGXMSR�TVSGIWW��XLI�HIZIPSTQIRX�SJ�E�TVSNIGX�VIUYMVIW�XLI�EKKVIKEXMSR�SJ�WIZIVEP�
WXEOILSPHIVW��1ER]�XMQIW�XLMW�KVSYT�SJ�WXEOILSPHIVW�GSPPEFSVEXI�JSV�XLI�HIZIPSTQIRX�
SJ� XLI�TVSNIGX�ERH�SRGI� MX� MW�HIPMZIVIH� XLI]�HMWFERH�QSZMRK�SR� XS� XLI�RI\X�TVSNIGX��
,IRGI�� XLI�ORS[PIHKI�KIRIVEXIH�HYVMRK�XLI�TVSGIWW�F]�E�[LSPI�SJ�WXEOILSPHIVW� MW�
HMWVYTXIH�EX�XLI�IRH�SJ�XLI�TVSNIGX��*YVXLIVQSVI��XLI�I\TIVMIRGIW�KEMRIH�MR�XLI�TVSGIWW�
EVI�VEVIP]��MJ�EX�EPP�HSGYQIRXIH�[MXL�XLI�GSRWIUYIRGI�XLEX�ORS[PIHKI�VIQEMRW�WXSVIH�
MR�XLI�QMRHW�SJ�XLSWI�[LS�[IVI�HMVIGXP]�MRZSPZIH�
8LMW� TETIV� TVSTSWIW� E� RSZIP� MRXIVTVIXEXMSR� SJ� XLI� GPEWWMGEP� XLISVMIW� SJ� ORS[PIHKI�
QEREKIQIRX�GSRWMHIVMRK�XLI�TIGYPMEVMXMIW�SJ�XLI�GSRWXVYGXMSR�WIGXSV��7XEVXMRK�JVSQ�XLI�
WXYH]�TVSTSWIH�F]�2SREOE�ERH�8EOIYGLM�ERH�MR�TEVXMGYPEV�XLI�L]TIVXI\X�SVKERMWEXMSR�
WGLIQE� ERH� XLI� 7)'-� QSHIP�� XLI� EVXMGPI� TVSTSWIW� E� VIHIWMKR� SJ� XLI� WGLIQE� XS�
allow its introduction in the construction sector. This main topic is integrated with 
GSRWMHIVEXMSRW�HIVMZIH� JVSQ� XLI�GYPXYVEP�LMWXSVMGEP�EGXMZMX]� XLISV]�ERH� XLI�LIYVMWXMG�
HIGMWMSR�XLISV]�XLEX�VITVIWIRX�JYRHEQIRXEP�EVIEW�SJ�WXYH]�XS� MRXIKVEXI�XLI�KIRIVEP�
model with the means to analyse distributed and decentred organisations, and the 
MRXVMRWMG�TW]GLSPSKMGEP�EWTIGXW�MRZSPZIH�MR�XLI�QEREKIQIRX�SJ�ORS[PIHKI�
,IRGI��XLI�TETIV�TVSTSWIW�ER�MRXIKVEXIH�ZMWMSR�SJ�XLI�L]TIVXI\X�SVKERMWEXMSR�WGLIQE�
WXYHMIH�MR�XLI�GSRWXVYGXMSR�WIGXSV��*YVXLIVQSVI��WXEVXMRK�JVSQ�XLI�PEXXIV��XLI�VIWIEVGL�
TVSTSWIW�ER�MRXIVTVIXEXMSR�SJ�XLI�ORS[PIHKI�KIRIVEXMSR�ERH�GSRWYQTXMSR�TVSGIWW�MR�
the construction sector introducing a spatio-temporal perspective that highlights the 
HMWXVMFYXMSR�SJ�ORS[PIHKI�VIPEXIH�TVSGIWWIWMR�XIVQW�SJ�FSXL�WTEGI�ERH�XMQI�HYVMRK�
the construction process.
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A Spatio-Temporal Perspective to Knowledge 
Management in the Construction Sector

SJ� XLI� ORS[PIHKI� KIRIVEXMSR�
and consumption process in the 
construction sector dealing with the 
WTEXMEP�ERH�XIQTSVEP�HMWXVMFYXMSR�SJ�XLI�
TVSGIWW��,IRGI��MX�MW�MRXVSHYGIH�E�WTEXMS�
temporal perspective that highlights 
XLI� HMWXVMFYXMSR� SJ� ORS[PIHKI� VIPEXIH�
TVSGIWWIW� MR� XIVQW�SJ�FSXL�WTEGI�ERH�
time during the construction process.

8LI� VIWX� SJ� XLI� TETIV� MW� SVKERMWIH� EW�
JSPPS[W�� 8LI� ƼVWX� GLETXIV� MRXVSHYGIW�
XLI� L]TIVXI\X� SVKERMWEXMSR� WGLIQE�
ERH� TVSTSWIW� E� ƼVWX� I\TERWMSR� SJ�
the schema to represent the typical 
JVEKQIRXIH� IRZMVSRQIRX� SJ� XLI�
GSRWXVYGXMSR� WIGXSV�� 7XEVXMRK� JVSQ�
XLI� PMQMXEXMSRW� LMKLPMKLXIH� MR� XLI� ƼVWX�
analysis, the second chapter introduces 
XLI� GSRGITX� SJ� GYPXYVEP� LMWXSVMGEP�
EGXMZMX]� XLISV]� �',%8� ERH� TVSTSWIW�
ER� MRXIKVEXIH� ZMWMSR� SJ� XLI� L]TIVXI\X�
organisation schema. The third chapter 
proposes a spatio-temporal perspective 
on knowledge creation and use in 
GSRWXVYGXMSR� WIGXSV�� *MREPP]�� XLI� JSYVXL�
GLETXIV�GSRXEMRW�XLI�GSRGPYWMSRW�SJ�XLI�
work.

decision support systems. Moreover, 
6I^KYM��,STJI�ERH�:SVEOYPTMTEX� ������
proposed an evolutionary perspective 
SR�/1��,S[IZIV�� XLI�YRHIVWXERHMRK�SJ�
XLI� GSQTPI\� MRXIVVIPEXMSRW� KIRIVEXIH�
during knowledge and learning 
processes in the construction sector is 
WXMPP�ER�EVIE�SJ�STIR�HMWGYWWMSR�

This paper proposes a novel 
MRXIVTVIXEXMSR� SJ� XLI� GPEWWMGEP�
XLISVMIW� SJ� ORS[PIHKI� QEREKIQIRX�
GSRWMHIVMRK� XLI� TIGYPMEVMXMIW� SJ� XLI�
GSRWXVYGXMSR� WIGXSV�� 7XEVXMRK� JVSQ�
XLI� WXYH]� TVIWIRXIH� F]� 2SREOE� ERH�
8EOIYGLM� ������ ERH� MR� TEVXMGYPEV� XLI�
L]TIVXI\X� SVKERMWEXMSR� WGLIQE� ERH�
XLI� 7)'-� QSHIP�� XLI� EVXMGPI� TVSTSWIW�
E� VIHIWMKR� SJ� XLI� WGLIQE� XS� EPPS[� MXW�
introduction in the construction sector. 
(YI� XS� XLI� PMQMXEXMSR� SJ� XLI� L]TIVXI\X�
organisation schema highlighted in the 
PMXIVEXYVI� �&VEXMERY�� ������ )RKIWXVʯQ��
������ MX� MW� HIZIPSTIH� ER� MRXIKVEXIH�
vision based on the cultural historical 
activity theory. Furthermore, starting 
JVSQ� XLMW� MRXIKVEXIH� WGLIQE�� XLI�
research proposes an interpretation 

The construction sector is an 
MRJSVQEXMZI� MRXIRWMZI� SRI� �(EZI�
ERH� /SWOIPE�� ������ -R� IZIV]�

project, during each phase are generated 
LERHW�SR� I\TIVMIRGIW�� TVSFPIQ�
solving capabilities, understanding 
SJ� ZEVMSYW� QIERW� ERH� QIXLSHW��
ERH� LMKLP]� GSRXI\XYEPMWIH� WSPYXMSRW�
�0MR� IX� EP��� ������ 8LMW� ORS[PIHKI�
VITVIWIRXW� SRI� SJ� XLI�QSWX� MQTSVXERX�
EWWIXW� JSV� EVGLMXIGXYVI�� IRKMRIIVMRK��
GSRWXVYGXMSR�� ERH� STIVEXMSRW� �%)'3�
ƼVQW� �(IWLTERHI�� %^LEV�� %QMVIHH]��
������ -R�XLI�GSRWXVYGXMSR�TVSGIWW��XLI�
HIZIPSTQIRX� SJ� E� TVSNIGX� VIUYMVIW� XLI�
EKKVIKEXMSR� SJ� WIZIVEP� WXEOILSPHIVW��
1ER]�XMQIW�XLMW�KVSYT�SJ�WXEOILSPHIVW�
GSPPEFSVEXI� JSV� XLI�HIZIPSTQIRX�SJ� XLI�
project and once it is delivered they 
HMWFERH�QSZMRK�SR�XS�XLI�RI\X�TVSNIGX��
,IRGI��XLI�ORS[PIHKI�KIRIVEXIH�HYVMRK�
XLI�TVSGIWW�F]�E�[LSPI�SJ�WXEOILSPHIVW�
MW� HMWVYTXIH� EX� XLI� IRH� SJ� XLI� TVSNIGX��
*YVXLIVQSVI�� XLI� I\TIVMIRGIW� KEMRIH�
MR� XLI� TVSGIWW� EVI� VEVIP]�� MJ� EX� EPP�
documented with the consequence that 
knowledge remains stored in the minds 
SJ� XLSWI� [LS� [IVI� HMVIGXP]� MRZSPZIH�
�/E^M�ERH�/SMZYRMIQM�������������

&IGEYWI�SJ�XLI�VIGSKRMWIH� MQTSVXERGI�
SJ� ORS[PIHKI�� XLIVI� MW� E� ZEWX� PMXIVEXYVI�
VIPEXIH� XS� XLI� GSRGITX� SJ� ORS[PIHKI�
QEREKIQIRX� �/1�� /1� GER� FI�
HIƼRIH� EW� ƈD� SURFHVV� RI� DFTXLULQJ��
FUHDWLQJ�� VKDULQJ�� XWLOL]LQJ� DQG� VWRULQJ�
LQWHOOHFWXDO� DVVHWV� DQG� RWKHU� VWLPXOL�
IURP�WKH�LQWHUQDO�DQG�H[WHUQDO�EXVLQHVV�
HQYLURQPHQW� WKDW� IDFLOLWDWHV� DQ�
RUJDQL]DWLRQ� WR� SHUIRUP� VXFFHVVIXOO\” 
�/YPYPERKE�� 1G'EJJIV�� ������ *SGYWMRK�
on the construction sector, e.g. Kamara, 
%RYQFE� ERH� 'EVVMPPS� ������ TVSTSWIH�
E� JVEQI[SVO� XS� WIPIGX� ORS[PIHKI�
management strategies. Robinson et al. 
������ TVIWIRXIH� E� QEXYVMX]� VSEHQET�
JSV�XLI�MQTPIQIRXEXMSR�SJ�/1�WXVEXIKMIW��
4EXIP� IX� EP�� ������ MRZIWXMKEXIH� LS[�
-RJSVQEXMSR�8IGLRSPSK]��-8�GER�EWWMWX�
/1� MR� XLI� GSRXI\X� SJ� XLI� GSRWXVYGXMSR�
WIGXSV�� /ERETIGOMIRI� IX� EP�� ������
HIWGVMFIH� ER� MRXIKVEXIH� QSHIP� JSV�
KM in construction projects including 
XLI� HMWGYWWMSR� SJ� ORS[PIHKI� FEWIH�
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Figure 1: The hypertext organisation schema (Nonaka and Takeuchi. 1995)
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“6RRQHU� RU� ODWHU�� HYHU\� RUJDQL]DWLRQ�
HQGV�XS�FUHDWLQJ�NQRZOHGJHƉ� �2SREOE��
8EOIYGLM�� ������ ,S[IZIV�� XLI�
MHIRXMƼGEXMSR� SJ� [LIVI� XLI� ORS[PIHKI�
MW�GVIEXIH��LS[� XS�I\tract, store, share 
and update this knowledge, who are 
the subjects involved, why do they 
learn, what do they learn, and how do 
they learn represent critical questions 
EWWSGMEXIH� XS� XLI� WTIGMƼG� IRZMVSRQIRX�
where the learning process is introduced 
�)RKIWXVʯQ�� ������ %GGSVHMRK� XS�
2SREOE� ERH� 8EOIYGLM� ������� XLI�
knowledge creation process needs 
XS� JSPPS[� E� ZMVXYSYW� WTMVEP� QSZMRK�
FEGO� ERH� JSVXL� FIX[IIR� HMJJIVIRX�
QIGLERMWQW�SJ�ORS[PIHKI�GSRZIVWMSR��
The middle-up-down approach that they 
TVSTSWIH�LMKLPMKLXW� XLI� MQTSVXERGI�SJ�
a knowledge conversion layer between 
ƼIPH� STIVEXSVW�� HIWMKRIVW� ERH� XST�
QEREKIVW�� -R� JEGX�� IEGL� SRI� SJ� XLIWI�
WYFNIGXW� LEW� E� HMJJIVIRX� TIVGITXMSR� SJ�
XLI�[SVO� ERH� GSRWIUYIRXP]� E� HMJJIVIRX�
knowledge construction in his or her 
mind. Moreover, each subject acts in 
E� GSQTPIXIP]� HMJJIVIRX� IRZMVSRQIRX�
�M�I�� GSRXI\XW� XLEX� GER� MRƽYIRGI�
the knowledge perception (Tversky, 
/ELRIQER�� ������ *ERXMRS�� 7XSPEV^�
*ERXMRS�� ������ *MKYVI� �� WLS[W� XLI�
“K\SHUWH[W� RUJDQLVDWLRQ� VFKHPD” 
[LIVI� XLI� GSRXMRYSYW� GSRZIVWMSR� SJ�
ORS[PIHKI� FIX[IIR� HMJJIVIRX� PIZIPW�
SJ� ER� SVKERMWEXMSR� MW� LMKLPMKLXIH�� 8LMW�
WGLIQE� VITVIWIRXW� E� JYRHEQIRXEP�

TEVEHMKQ�MR�XLI�WXYH]�SJ�SVKERMWEXMSREP�
knowledge dynamics. Moreover, the 
PMXIVEXYVI� MW� VMGL� SJ� WXYHMIW� HIZSXIH� XS�
its analysis and integration making 
it an ideal candidate to promote the 
discussion in the research community.
The knowledge base layer represents 
the place where the knowledge can 
reside and where it can be categorised 
ERH� GSRXI\XYEPMWIH� MRXS� E� QSVI�
QIERMRKJYP�TVSHYGX�JSV�XLI�SVKERMWEXMSR�
as a whole. The individuals acting in 
the team project level can acquire and 
MRXIVTVIX� XLI� ORS[PIHKI� HIVMZIH� JVSQ�
the business system level in a complete 
HMJJIVIRX� QERRIV� MR� GSQTEVMWSR� XS� XLI�
MRHMZMHYEPW� EGXMRK� SR� XLMW� PEWX� PIZIP�� -R�
the same way, the knowledge created 
in the project level is interpreted in 
E� HMJJIVIRX� GSRXI\X� EX� XLI� FYWMRIWW�
W]WXIQ�PIZIP�EGUYMVMRK�E�HMJJIVIRX�ZEPYI��
8LI� QSFMPMX]� SJ� XLI� ORS[PIHKI� ERH� MXW�
management in the knowledge base 
EVIE�EPPS[W� XLI�EGXMZEXMSR�SJ�E� ZMVXYSYW�
GMVGPI�SJ�ORS[PIHKI�GSRZIVWMSR�EPPS[MRK�
XLI�GVIEXMSR�SJ�SVKERMWEXMSREP�ORS[PIHKI�
ZEPYEFPI�JSV�XLI�[LSPI�SVKERMWEXMSR�
2IZIVXLIPIWW�� XLI� YRHIVWXERHMRK� SJ�
how knowledge can be converted 
JVSQ� SRI� WYFNIGX� XS� ERSXLIV� ERH�SV�
JVSQ�SRI�JSVQ�XS�ERSXLIV�VITVIWIRXW�E�
crucial point. The most popular model 
MR� XIVQW� SJ� ORS[PIHKI� GSRZIVWMSR�
�M�I�� LS[� WYFNIGXW� PIEVR� MW� XLI� 7)'-�
QSHIP� �2SREOE�� 8EOIYGLM�� ������
2SREOE�� 8S]EQE�� &]SWMʢVI�� ������

7O]VQI��%QMHSR��������-X�SYXPMRIW�JSYV�
QIGLERMWQW�SJ� ORS[PIHKI� GSRZIVWMSR�
ERH�SV�XVERWJIV�

• 7SGMEPMWEXMSR��XEGMX�XEGMX
• )\XIVREPMWEXMSR��XEGMX�I\TPMGMX
• 'SQFMREXMSR��I\TPMGMX�I\TPMGMX
• -RXIVREPMWEXMSR��I\TPMGMX�XEGMX

Socialisation is based on direct 
interaction between individuals that 
WLEVI�XLIMV�I\TIVMIRGIW�WMQYPXERISYWP]��
usually with analogical and practical 
means.
)\XIVREPMWEXMSR�VIUYMVIW�XLI�MHIRXMƼGEXMSR�
SJ� QIERW� JSV� XLI� ƈXVERWPEXMSRƉ� SJ�
I\TIVMIRGIW�MR�E�GSHMƼEFPI�[E]�XS�EPPS[�
JYXYVI� YWIW�� 8LI� GSRZIVWMSR� VIEPMWIH�
MR� E� WSGMEPMWEXMSR� TVSGIWW� MW� HMJJIVIRX�
JVSQ� XLI� SRI� SFXEMRIH� XLVSYKL� ER�
I\XIVREPMWEXMSR�MRXIVREPMWEXMSR� TVSGIWW�
because there is a change in time and 
GSRXI\X� SJ� ORS[PIHKI� YWEKI�� -R� JEGX��
when tacit knowledge is shared, it still 
requires to be decoded by individuals 
�&SPMWERM��7GEVWS��������������ERH�XLMW�
TEWWEKI� MW� GSRWXVEMRIH� F]� XLI� GSRXI\X�
SJ�MRXIVTVIXEXMSR�
-R� GSQFMREXMSR�� MRHMZMHYEPW� WLEVI�
and combine knowledge through 
HMJJIVIRX� QIERW� MRGPYHMRK� HSGYQIRXW��
meetings, and computer networks. The 
VIGSRƼKYVEXMSR� SJ� MRJSVQEXMSR� WSVXMRK��
adding, combining and categorising 
I\TPMGMX� ORS[PIHKI� GER� TVSHYGI�
RI[� JSVQW� SJ� ORS[PIHKI�� ,S[IZIV��
LMKLPMKLXMRK� XLI� LYQER� JEGXSV� MR� XLI�
knowledge conversion process, Roos 
IX� EP�� ������ WXEXIH� XLEX� GSQFMREXMSR�
QIGLERMWQ�GERRSX�VIEPP]�I\MWX��FIGEYWI�
MR� XLMW� JSVQ� MX� MW� E� WMQTPI� XVERWJIV� SJ�
HEXE�ERH�SV� MRJSVQEXMSR�[MXLSYX�E� VIEP�
MRZSPZIQIRX� SJ� ORS[PIHKI�� *SV� EHQMX�
XLMW�QIGLERMWQ��ER�I\TPMGMX�XEGMX�I\TPMGMX�
mechanism is required. 

-RXIVREPMWEXMSR� MQTPMIW� XLI� GSRZIVWMSR�
SJ� XLI� I\TIVMIRGIW� KEMRIH� XLVSYKL�
WSGMEPMWEXMSR�� I\XIVREPMWEXMSR� ERH�
combination in shared mental models 
SV�XIGLRMGEP�ORS[�LS[�JSV�ER�MRHMZMHYEP��
8LI� I\TPMGMX� XS� XEGMX� ORS[PIHKI�
GSRZIVWMSR� MW� JEGMPMXEXIH� [LIR� XLI�
JSVQIV�GER�FI�VI�I\TIVMIRGIH�I�K��YWMRK�

*MKYVI����%�WMQTPMƼIH�ZMWMSR�SJ�XLI�L]TIVXI\X�SVKERMWEXMSR�WGLIQE�JSV�XLI�GSRWXVYGXMSR�WIGXSV
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*MKYVI����6IJSVQYPEXMSR�SJ�:]KSXWO]ƅW�QSHIP��PIJX��ERH�XLI�)RKIWXVʯQƅW�KVETLMG�VITVIWIRXEXMSR�SJ�E�LYQER�EGXMZMX]�W]WXIQ��VMKLX

documents, graphical representations, 
or stories.

/ǞǝǕǠȨȰǥȨ� ǣǞ� ǘǤȨ� 3ǚǥȳǞǣǙȳǘǣǝǞǙ� ǝǦ�
ǘǤȨ�'ǝǞǙǘǚǗȱǘǣǝǞ�SȨȱǘǝǚ

9RJSVXYREXIP]��MR�XLI�GSRWXVYGXMSR�WIGXSV�
the above-mentioned principles cannot 
be directly applied. The temporary 
aggregation between clients, designers, 
GSRWXVYGXMSR�GSQTERMIW��ƼIPH�STIVEXSVW�
and the other stakeholders makes 
HMƾGYPX�XLI�MHIRXMƼGEXMSR�SJ�XLI�IJJIGXMZI�
hierarchical roles and consequently 
XLI� HIƼRMXMSR� SJ� WXVYGXYVIH� /1�
processes. Furthermore, the conversion 
processes, that represent the learning 
activity, needto be managed in a cross 
SVKERMWEXMSREP�GSRXI\X��8LMW�MW�E�GVMXMGEP�
TSMRX� HYI� XS� XLI� YR[MPPMRKRIWW� SJ� XLI�
WXEOILSPHIVW� MR� WLEVMRK� MRJSVQEXMSR�
with other partners that are seen as 
competitor entities.

*MKYVI� �� WLS[W� E� TSWWMFPI� WMQTPMƼIH�
VIMRXIVTVIXEXMSR� SJ� XLI� L]TIVXI\X�
organisation schema proposed 
F]� 2SREOE� ERH� 8EOIYGLM�� -R� XLMW�
representation, the business system level 
MW�HMWVYTXIH�XS�EHQMX�XLI�MHIRXMƼGEXMSR�SJ�
XLI�HMJJIVIRX�WXEOILSPHIVW�MRZSPZIH�MR�XLI�
HIZIPSTQIRX�SJ�E�TVSNIGX��IEGL�SRI�[MXL�
its own hierarchical and organisational 
structure. The knowledge base level is 
in turn disrupted representing both the 
knowledge embedded and generated 
by each subject at the business system 

level and the knowledge generated by 
the subjects as a whole at the team 
project level highlighting its volatility 
MR� XLMW� JVEQI[SVO�� 1SVISZIV�� XLI�
GSI\MWXIRGI�SJ�E�XIQTSVEV]�EKKVIKEXMSR��
M�I��XLI�XIEQ�TVSNIGX�XLEX�MQTSWI�HIƼRIH�
ERH� WTIGMƼG� RSVQW� ERH� VYPIW�� ERH� SJ�
companies that can have long histories 
ERH�HIƼRIH�TVSGIWWIW�ERH�LMIVEVGLMIW�
GER� KIRIVEXI� TSMRXW� SJ� JVMGXMSR� ERH�
GSRWIUYIRXP]�HMƾGYPXMIW�MR�XLI�GVIEXMSR�
SJ�ER�MHIEP�PIEVRMRK�IRZMVSRQIRX�

73'-)8%0�%2(�'32*0-'8-2+�%74)'87��
%2�%'8-:-8=�8,)36=�4)674)'8-:)

%W�TSMRXIH�SYX�F]�)RKIWXVʯQ��������XLI�
knowledge conversion model proposed 
F]�2SREOE�ERH�8EOIYGLM�EWWYQIW�XLEX�
XLI�EWWMKRQIRXW�JSV�ORS[PIHKI�GVIEXMSR�
EVI�KMZIR�JVSQ�EFSZI�[MXLSYX�GSRƽMGXW��
,IRGI�� XLI� 7)'-� QSHIP� VIUYMVIW� XLI�
GVIEXMSR� SJ� E� JVMIRHP]� IRZMVSRQIRX�
�M�I�� XLI� GVIEXMSR� SJ� ƈV\PSDWKLVHG�
NQRZOHGJHƉ� [LIVI� ORS[PIHKI� ERH�
PIEVRMRK�TVSGIWWIW�EVI�HIƼRIH�MR�E�XST�
down approach (Engeström, Miettinen, 
4YREQʞOM�� ������ 8LMW� EWWYQTXMSR�
is in contrast with the typical project 
environment in construction processes. 
1SVISZIV�� &VEXMERY� ������ GVMXMGEPP]�
analysed the model highlighting its 
limitations according to the cultural 
GSRXI\X� SJ� ETTPMGEXMSR�� ,IRGI�� XLI�
proposed schema needs to be 
I\TERHIH� MR� SVHIV� XS� YRHIVWXERH� XLI�

societal and interpersonal relations in a 
HMWXVMFYXIH��GSRƽMGXMRK�ERH� JVEKQIRXIH�
environment.

'ǗǠǘǗǚȳǠ�,ǣǙǘǝǚǣȱȳǠ�%ȱǘǣǖǣǘǓ�8ǤȨǝǚǓ

%W�TVSTSWIH�MR�SXLIV�WXYHMIW��,EVXQERR��
&VIWRIR�� ������ 1MIXXMRIR� IX� EP�� ������
GYPXYVEP�LMWXSVMGEP�EGXMZMX]�XLISV]��',%8�
GER� FI� YWIH� XS� I\TPMGMX� XLI� GSQTPI\�
SJ� VIPEXMSRW� ERH� JEGXSVW� XLEX� VMWI� MR� E�
GSRWXVYGXMSR�TVSNIGX�IRZMVSRQIRX��',%8�
[EW� MRXVSHYGIH� FIX[IIR� ����W� ERH�
����W� F]� :]KSXWO]� �&VEXMERY�� �����
XLEX� JSVQIH� XLI� GSRGITX� SJ� FXOWXUDO�
mediation. According to Engeström and 
)WGEPERXI� ������� JVSQ� XLI� :]KSXWO]ƅW�
TVMRGMTPI� ',%8� LEW� IZSPZIH� XLVSYKL�
XLVII� KIRIVEXMSRW� SJ� VIWIEVGL�� 8LI�
ƼVWX� KIRIVEXMSR�� GIRXVIH� SR� XLI� GYPXYVEP�
mediation idea, is commonly represented 
XLVSYKL�E�XVMERKPI�SJ�MRXIVEGXMSR�[LIVI�XLI�
connection between subject (“stimulus” 
MR�XLI�SVMKMREP�VITVIWIRXEXMSR�ERH�SFNIGX�
�SV� VIWTSRWI� MW� QIHMEXIH� F]� GYPXYVEP�
EVXIJEGXW� �*MKYVI� ��� PIJX�� %GGSVHMRK� XS�
this schema, individuals and society 
cannot be understood without their 
mutual interaction and cultural means. 
The second generation, based on the 
[SVO� SJ� 0ISRXƅIZ� ������� I\XIRHIH� XLI�
ƼVWX� QSHIP� I\TPMGEXMRK� XLI� HMJJIVIRGI�
between individual action and collective 
activity. This concept was crystallised 
F]� )RKIWXVʯQ� ������ XLEX� TVSTSWIH�
the graphical representation reported in 
*MKYVI� �� SR� XLI� VMKLX�� -R� XLMW� I\TERHIH�
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Figure 4: 6ITVIWIRXEXMSR�SJ�X[S�MRXIVEGXMZI�EGXMZMX]�W]WXIQW��)RKIWXVʯQ������

JVEQI[SVO�� ER� MRHMZMHYEP� WYFNIGX� MW�
MQQIVWIH�MR�E�GSQTPI\�SJ�MRXIVVIPEXMSRW�
centred on his or her community creating 
a human activity structure.
8LI�XLMVH�KIRIVEXMSR�SJ�',%8�HIEPW�[MXL�
XLI�MRXIVEGXMSR�FIX[IIR�HMJJIVIRX�EGXMZMX]�
W]WXIQW� XLEX� GER� MRGPYHI� HMJJIVIRX�
XVEHMXMSRW� ERH�SV� TIVWTIGXMZIW�� *MKYVI�
�VITSVXW� XLI� KVETLMGEP� VITVIWIRXEXMSR�
SJ� X[S� MRXIVEGXMRK� EGXMZMX]� W]WXIQW�
TVSTSWIH� F]� )RKIWXVʯQ� �������
highlighting the movement, the evolution 
ERH� XLI� HMJJIVIRX� TIVWTIGXMZIW� SJ� XLI�
object in the interaction between the 
X[S�EGXMZMX]� W]WXIQW�� -R� XLI�)RKIWXVʯQ�
words, “WKH�REMHFW�RI�DFWLYLW\�LV�D�PRYLQJ�
WDUJHW��QRW�UHGXFLEOH�WR�FRQVFLRXV�VKRUW�
WHUP�JRDOV”.
*MKYVI���VITVIWIRXW�E�QMRMQEP�QSHIP�SJ�
MRXIVEGXMRK�EGXMZMX]�W]WXIQ��2IZIVXLIPIWW��
MX� GER� FI� I\TERHIH� XS� VITVIWIRX� XLI�
WXVYGXYVI� SJ� ER� EVXMGYPEXIH� TVSNIGX� XLEX�
can include several activity systems.

,ǓǜȨǚǘȨǔǘ�7ȱǤȨǟȳ�ȳǞȰ�%ȱǘǣǖǣǘǓ�8ǤȨǝǚǓ�
ǣǞ�ǘǤȨ�'ǝǞǙǘǚǗȱǘǣǝǞ�7Ȩȱǘǝǚ

-RXIKVEXMRK� XLI� TEVEHMKQ� SJ� MRXIVEGXMRK�
activity systems in the reviewed 
WXVYGXYVI� TVSTSWIH� MR� *MKYVI� ��� MX� MW�
TSWWMFPI� XS� HIƼRI� ER� MRXIKVEXIH� ZMWMSR�
SJ� XLI� L]TIVXI\X� SVKERMWEXMSR� WGLIQE�
JSV� XLI� GSRWXVYGXMSR� WIGXSV� �*MKYVI� ���
At the business system level, each 
XVMERKPI� VITVIWIRXW� E� WTIGMƼG� IRXMX]�
�I�K�� E� GSQTER]� XLEX� TEVXMGMTEXI� XS�

XLI� HIZIPSTQIRX� SJ� XLI� TVSNIGX�� 8LI�
business system level highlights the 
MRHITIRHIRGMIW� SJ� IEGL� IRXMX]� MR� MXW�
subjectivity and its interrelation by means 
SJ� XLI� TVSNIGX� XIVQW� ERH� SFNIGXMZIW�� %X�
XLI� XIEQ�TVSNIGX� PIZIP�� IEGL�TEVX�SJ� XLI�
IRXMXMIW�MHIRXMƼIH�EX�XLI�FYWMRIWW�W]WXIQ�
level can be represented as an activity 
system that collaborate on a shared 
SFNIGX��I�K��E�FYMPHMRK��%GGSVHMRK�XS�XLI�
',%8�TVMRGMTPIW� ERH� JSPPS[MRK� E� VIGIRX�
interpretation in the construction sector 
TVSTSWIH�F]�1MIXXMRIR�IX�EP�� ������� XLI�
object is interpreted by each subject in 
E�HMJJIVIRX�[E]�EGGSVHMRK�XS�XLI�WTIGMƼG�
MRXIVIWX� ERH� FEGOKVSYRH� SJ� XLMW� PEWX��
Moreover, the norms and rules that 
regulate each activity system at the 
team project level are generated by the 
MRXIKVEXMSR�SJ�XLI�HMVIGXMSR�HIƼRIH�EX�XLI�
business system level and the directions 
MQTSWIH� F]� XLI� I\XIVREP� IRZMVSRQIRX�
where the construction project is 
embedded.
This interpretation highlights the 
GSQTPI\MX]� SJ� MRXIVEGXMSR� ERH� XLI�
MRXIVTVIXEXMSR� SJ� XLI� ORS[PIHKI�
generated during the project activities. 
-R� JEGX�� XLI� GSI\MWXIRGI� SJ� HMJJIVIRX�
communities and perspectives shape 
the way in which subjects act at the 
project level and the way in which they 
interpret and convert the generated 
knowledge.

;,)2� %2(� ;,)6)� /23;0)(+)�
-7� '6)%8)(� %2(� 97)(#� %� 74%8-3�
8)1436%0�4)674)'8-:)

;LMPI� XLI� JVEQI[SVO� TVSTSWIH� MR�
Figure 5 can help in understanding the 
organisational structure in construction 
projects and the interactions between 
subjects, it is not able to capture the 
spatial and temporal distribution that 
characterise the construction process. 
,IRGI��MX�GER�FI�MRXIKVEXIH�[MXL�E�WTEXMS�
XIQTSVEP� TIVWTIGXMZI� EFPI� XS� I\TVIWW�
these dimensions. Analyse the spatial 
ERH� XMQI� HMWXVMFYXMSR� SJ� ORS[PIHKI�
represents a critical point to understand 
MXW�QEREKIQIRX�ERH�XVERWJIV�TVSGIWWIW��
-R� JEGX�� [LMPI� ORS[PIHKI� QSZIW� JVSQ�
one place to another and while it moves 
JSV[EVH� MR� XLI� XMQI�� MXW� TIVGITXMSR�
GLERKI�HYI�XS�XLI�GLERKI�MR�XLI�GSRXI\X�
ERH�MR�XLI�EZEMPEFMPMX]�SJ�XLI�WYVVSYRHMRK�
MRJSVQEXMSR�

Figure 6 reports a qualitative 
VITVIWIRXEXMSR� SJ� XLI� MQTEGX� MR� XLI�
TVSHYGXMSR�ERH�YWI�SJ�ORS[PIHKI�HYVMRK�
XMQI� MR� XLI� HMJJIVIRX� PSGEXMSRW� MRZSPZIH�
in the construction process. The graph 
LEW�FIIR�IQTMVMGEPP]�HIƼRIH�GSQFMRMRK�
XLI�IZMHIRGIW�JSYRH�MR�XLI�PMXIVEXYVI�ERH�
XLI� SFWIVZEXMSRW� SJ� VIEP� GSRWXVYGXMSR�
processes. The proposed representation 
includes three locations, namely 
construction site (i.e. the place where 
XLI� GSRWXVYGXMSR� TVSHYGX� MW� TVSHYGIH��
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product (i.e. the construction product 
WYGL�EW�XLI�FYMPHMRK�SV�XLI�MRJVEWXVYGXYVI��
SRGI� MX� MW� GSQTPIXIH�� ERH� SƾGIW� SV�
JEGXSVMIW� �M�I�� XLI�TPEGIW�I\XIVREP� XS� XLI�
TL]WMGEP� PSGEXMSR� SJ� XLI� TVSHYGX� [LIVI�
this last is designed and monitored and 
its components are designed, produced 
ERH� QSRMXSVIH�� 8LI� LSVM^SRXEP� E\MW�
indicates the time correspondent to the 
XLVII�QEMR� TLEWIW� SJ� XLI� GSRWXVYGXMSR�
process, namely design, construction, 
and operation and maintenance. The 
ZIVXMGEP� E\MW� VITSVXW� XLI� MQTEGX� MR�
XIVQW� SJ� ORS[PIHKI� TVSHYGXMSR� ERH�
GSRWYQTXMSR�� HIƼRIH� MR� UYEPMXEXMZI�
JEWLMSR��%GGSVHMRK�XS�XLI�PMXIVEXYVI��0MR�IX�
EP��������MR�XLI�GSRWXVYGXMSR�TLEWI��ERH�
especially in the construction site, there 
MW�ER�MRXIRWMZI�TVSHYGXMSR�SJ�ORS[PIHKI�
EW�E�GSRWIUYIRGI�SJ�XLI�GSRGIRXVEXMSR�SJ�
IJJSVXW�HIZSXIH�XS�XLI�TVSHYGXMSR�SJ�XLI�
KSSH��8S[EVHW�XLI�IRH�SJ�XLI�TVSHYGXMSR��
the construction site is progressively 
XVERWJSVQIH� MR� XLI� TVSHYGX� XLEX� [MPP�
TVSHYGI�ORS[PIHKI�HYVMRK� MXW�IRXMVI� PMJI�
G]GPI��,IRGI��XLI�MQTEGX�SJ�GSRWXVYGXMSR�
WMXI�HIGVIEWI�[LMPI�WXEVXW�XLI�MQTEGX�SJ�
XLI� TVSHYGX� EW� E� TL]WMGEP� TPEGI�� -R� XLI�
proposed representation, the time scale 

MW� RSX� GSLIVIRX� XS� XLI� VIEP� PMJI� G]GPI� SJ�
XLI� FYMPHMRK� HYI� XS� WGEPI� TVSFPIQ�� -R�
JEGX�� STIVEXMSR�ERH�QEMRXIRERGI�TLEWI�
can be seen as longer than it is in the 
KVETL�� 8LI� SWGMPPEXMSR� SJ� XLI� KVETL� MR�
the operation and maintenance phase 
LMKLPMKLXW� XLI�H]REQMGMX]�SJ� XLI� MQTEGX�
EPSRK� XLI� PMJI� G]GPI� XLEX� GER� GLERKI�
EGGSVHMRK� XS� WTIGMƼG� IZIRXW� MRGPYHMRK�
QEMRXIRERGI��ERH�SV�VIWXSVEXMSR�

-R�IZIV]�TLEWI�ERH�MR�IZIV]�PSGEXMSR�GER�
FI�VIGSKRMWIH�I\EQTPIW�SJ�FSXL�XEGMX�ERH�
I\TPMGMX� ORS[PIHKI�� 8LI� HIWMKR� TLEWI�
MW� GLEVEGXIVMWIH� F]� ER� MRXIRWMZI� YWI� SJ�
VIKYPEXMSRW��I�K��REXMSREP��PSGEP��L]KMIRI��
WXERHEVHW� �I�K�� ƼVI� WEJIX]�� EGSYWXMG��
QEREKIQIRX�� ERH� SXLIV� VIUYMVIQIRXW�
�I�K��GPMIRXW� VIUYMVIQIRXW��1ER]�SJ� XLI�
WSPYXMSRW�XLEX�GER�FI�YWIH�XS�JYPƼP�XLIWI�
requirements can be converted in an 
I\TPMGMX� JSVQ� SJ� ORS[PIHKI� ERH� GER� FI�
stored and used through digital tools. For 
I\EQTPI�� WIZIVEP� WXYHMIW� I\TPSVIH� XLI�
YWI�SJ�-8�WSPYXMSRW�XS�LERHPI�XLMW�I\TPMGMX�
dimension. These include the use in 
IRIVK]� WMQYPEXMSRW� �'LIRK�� (EW�� ������
XLI� YWI� SJ� SRXSPSK]�FEWIH� ETTVSEGLIW�
�=YVGL]WL]RE�� >EVPM�� ������ >LSRK� IX� EP���

������ XLI� IZEPYEXMSR� SJ� TIVQMWWMSRW�
JVSQ� TYFPMG� EHQMRMWXVEXMSRW� �4EZER� IX�
EP��� ������ ERH� XLI� VITVIWIRXEXMSR� SJ�
regulatory knowledge through open 
WXERHEVHW� �(MQ]EHM�� 4EY[IPW�� %QSV��
������ 2IZIVXLIPIWW�� XLI� MHIRXMƼGEXMSR�
SJ� XLI� GSVVIGX� WSPYXMSR� FIX[IIR� EPP� XLI�
possible ones that can be proposed by 
ER�EPKSVMXLQ��XLI�MRXIVTVIXEXMSR�SJ�HIWMKR�
WSPYXMSRW� MR� XLIMV� GSRXI\X� MR� E� LYQER�
TIVWTIGXMZI� ERH� XLI� QEREKIQIRX� SJ�
HIWMKR� XIEQW� EVI� SRP]� WSQI� I\EQTPIW�
SJ�XLI�ZEVMIX]�SJ�XEGMX�ORS[PIHKI�XLEX�GER�
FI�I\TIVMIRGIH�MR�XLI�HIWMKR�TLEWI�

During the construction phase, the 
WXEOILSPHIVW�QEXYVI�KIRYMRI�I\TIVMIRGIW�
EFSYX� XLI� GSRWXVYGXEFMPMX]� SJ� E� WTIGMƼG�
WSPYXMSR�� XLI� IJJIGXMZI� ETTPMGEFMPMX]� SJ� XLI�
WSPYXMSR� MR� XLI�GSRXI\X�ERH� MXW�EPMKRQIRX�
[MXL� XMQI� ERH� GSWXW� L]TSXLIWM^IH� MR�
XLI� HIWMKR� TLEWI�� ,IRGI�� HYVMRK� XLI�
construction phase are generated 
problem solving, know-how, know-what 
ERH�MRRSZEXMSR��0MR��;ERK��8WIVRK��������
-R�XLMW�TLEWI�QSWXP]�SJ�XLI�ORS[PIHKI�MW�
tacit and its collection and transmission 
MW�E�GVMXMGEP�MWWYI�MR�XLI�TVSGIWW��-R�JEGX��MR�
a general contractor environment, the site 

Figure 5: %R�MRXIKVEXIH�ZMWMSR�SJ�XLI�L]TIVXI\X�SVKERMWEXMSR�WGLIQE�JSV�XLI�GSRWXVYGXMSR�WIGXSV
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work is subcontracted to various trade 
contractors on a competitive tendering 
FEWMW�� 8LIVIJSVI� WYTTPMIVW� LEZI� RS�
MRGIRXMZI� XS� WLEVI� PIEVRMRK� I\TIVMIRGIW�
�WLSYPH� VIEH� ORS[PIHKI� JSV� XLI� WEOI�
SJ� VIETTP]MRK� XLIQ�SR� JYXYVI�TVSNIGXW�SJ�
XLI� QEMR� GSRXVEGXSV� �/SWOIPE�� :VMNLSIJ��
������ *YVXLIVQSVI�� MR� XLI� GSRWXVYGXMSR�
phase the interaction between designers, 
engineers, clients, authorities, contractor, 
and subcontractors produce a dynamic 
IRZMVSRQIRX�SJ�ORS[PIHKI�KIRIVEXMSR�ERH�
GSRZIVWMSR��,S[IZIV��XLIVI�MW�RSX�E�YRMUYI�
business level where can be established 
techniques and technologies to document 
this knowledge asset.
The operation and maintenance 
is distributed in a long time span. 
Furthermore, once the design and 
construction phase is concluded, it is 
HMƾGYPX� MHIRXMJ]MRK� [LS� MW� XLI� WYFNIGX�
interested in the collection, management, 
YWI� ERH� YTHEXI� SJ� XLI� MRJSVQEXMSR� ERH�
SJ� XLI� I\TIVMIRGIW� TVSHYGIH� HYVMRK� XLI�
PMJI� G]GPI� SJ� XLI� GSRWXVYGXMSR� TVSHYGX�� -R�
other sectors, like the automotive one, 
XLI� QERYJEGXYVIV� GER� EGX� EW� GIRXVEP�
collector in all phases including design, 
GSRWXVYGXMSR�ERH�QSRMXSV�SJ�XLI�TVSHYGX��

-R�XLI�GSRWXVYGXMSR�WIGXSV��XLMW�MW�LEVHP]�XLI�
GEWI��2IZIVXLIPIWW��XLIVI�MW�E�WYFWXERXMEP�
PIEVRMRK� STTSVXYRMX]� JVSQ� XLI� EREP]WMW�
SJ� E� GSRWXVYGXMSR� TVSHYGX� �M�I�� FYMPHMRK��
MRJVEWXVYGXYVI� HYVMRK� MXW� STIVEXMSR�� *SV�
I\EQTPI��XLI�HYVEFMPMX]�SJ�E�XIGLRSPSKMGEP�
WSPYXMSR� GER� FI� EWWIWWIH� EPSRK� MXW� PMJI�
G]GPI�� ERH� XLI� IJJIGXMZIRIWW� SJ� E� HIWMKR�
WSPYXMSR�MR�WEXMWJ]�XLI�GPMIRXƅW�VIUYMVIQIRXW�
GER� SRP]� FI� IZEPYEXIH� JSPPS[MRK� XLI�
I\TIVMIRGIW�SJ�XLI�GPMIRX�

'32'097-327

This paper proposes a critical analysis 
SJ� XLI�L]TIVXI\X�SVKERMWEXMSREP�WGLIQE�
ERH� SJ� XLI� 7)'-� QSHIP� TVIWIRXIH� F]�
2SREOE� ERH� 8EOIYGLM� XS� IZEPYEXI� XLIMV�
possible integration in the construction 
sector. The above-mentioned 
paradigm presents several issues 
[LIR� MRXVSHYGIH� MR� E� JVEKQIRXIH� ERH�
GSRƽMGXYEP� SVKERMWEXMSREP� IRZMVSRQIRX��
-R�TEVXMGYPEV��XLI�HMƾGYPXMIW�MR�GVIEXMRK�E�
JVMIRHP]� IRZMVSRQIRX� ERH� XLI� XIQTSVEP�
EKKVIKEXMSR�SJ�WYFNIGXW�[MXL�E�HMJJIVIRX�
cultural basis can hinder the principles 
SJ� XLI� L]TIVXI\X� SVKERMWEXMSREP�

Figure 6: A spatio-temporal perspective in knowledge generation and use

WGLIQE�ERH�SJ�XLI�7)'-�QSHIP��,IRGI��
GSRWMHIVMRK� XLI� TIGYPMEVMXMIW� SJ� XLI�
GSRWXVYGXMSR� WIGXSV� ERH� XLI� GSQTPI\�
SJ� MRXIVVIPEXMSRW� FIX[IIR� XLI� TSWWMFPI�
stakeholders involved in a project, 
XLI� EYXLSV� SJ� XLMW� TETIV� TVSTSWIW� ER�
MRXIKVEXIH�MRXIVTVIXEXMSR�SJ�XLI�L]TIVXI\X�
organisational schema including the 
societal and cultural aspects derived 
JVSQ�',%8�
The author argues that a spatio-
temporal perspective must accompany 
an organisational vision on knowledge 
FIGEYWI� SJ� XLI� WTEXMEP� HMWXVMFYXMSR�
SJ� GSRWXVYGXMSR� WIGXSVƅW� TVSHYGXW�
�FYMPHMRKW�� MRJVEWXVYGXYVIW�ERH� XLI� PSRK�
PMJI�G]GPI�SJ�XLIWI�PEWX��,IRGI��XLI�EYXLSV�
proposes a qualitative graph that can 
VITVIWIRX� XLI� IZSPYXMSR� SJ� ORS[PIHKI�
creation and consumption during the 
construction process.
2S[EHE]W� XLI� WXYH]� SJ� GSPPEFSVEXMZI�
means and environments supported 
by digital processes and instruments 
represents one main area in the 
VIWIEVGL� ƼIPH�� 7IZIVEP� WXYHMIW�
TVSTSWIH� JVEQI[SVOW� ERH� WSPYXMSRW�
related to both collaborative and KM 
environments. The proposed schema 
GER�LIPT�MR�JYVXLIV�HIZIPSTMRK�XLI�I\MWXMRK�
JVEQI[SVOW� WXEVXMRK� JVSQ� E� XLISVIXMGEP�
GSQTVILIRWMSR� SJ� XLI� VIPEXMSRW�
between the involved stakeholders to 
STXMQMWI� XLIMV� TVSGIWWIW� SJ� YWI� MR� XLI�
TVEGXMGI�� ,IRGI�� JYXYVI� VIWIEVGL� GER�
PSSO�MR�XLI�HIZIPSTQIRX�SJ�GSPPEFSVEXMZI�
IRZMVSRQIRXW�ERH�SV�/1�IRZMVSRQIRXW�
JVEQI[SVOW� FEWIH� SR� XLI� TVSTSWIH�
schema answering questions such as 
how can we optimise the integration 
SJ� RI[�TVSGIWWIW� I�K�� FEWIH� SR� HMKMXEP�
QIERW� MR� XLI� GSRWXVYGXMSR� WIGXSV#��
Moreover, a quantitative evaluation 
related to the proposed spatio-temporal 
WGLIQE�GER�FI� MHIRXMƼIH�EW�E�ZEPYEFPI�
JYXYVI�PMRI�SJ�VIWIEVGL�
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