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Abstract 

 

A construction project that runs from pre-study to facility management requires interaction 

between many various stakeholders, putting high demand on the information management 

process. An important part of information management is the briefing process, which in this 

context refers to the process of collecting and defining the client's requirements throughout the 

construction project. 

 

The process for requirement management in two different hospitals project, New Karolinska 

Solna and Central Hospital in Karlstad, has been studied. The purpose was to investigate how the 

briefing process can be improved by applying a more model-based approach. The briefing 

processes in the two projects were first mapped through interviews with stakeholders with 

extensive knowledge and involvement in the two projects. In addition to interviews, data was 

also collected through a literature review and from project-specific documents, such as room data 

sheets. A general map of the briefing process was then compiled in order to provide a general 

model applicable for a larger variety of projects. The model was then used to analyse how 

activities and deliveries are handled with respect to model orientation. The two main deficiencies 

identified in the process were inadequate documentation and an insufficient level of a model-

based approach. First, the documentation was considered inadequate due to: 

 Inadequate routines and methods for how documentation was handled, which leads to 

information being lost along the way and a deteriorating traceability of requirements. 

 Lack of a standardized approach for defining requirements. This leads to difficulties in 

comparing requirements and to further develop technical solutions that meet the 

requirements. 

Secondly, the model-based approach was considered inadequate with regard to three aspects: 

 How information was visualized to project members 

 How computer tools integrated information about requirements, cost calculation and 

scheduling  

 The extent of which tasks were handled manually 

 

Based on these conclusions, the following recommendations are given: 

1. Increase the model-based support and integration with cost estimation and scheduling   

2. Use the database as a tool for experience feedback of constructed health facilities for the 

client 

3. Structure the database according to BSAB to include requirements on building parts 
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Sammanfattning 
 

För att driva ett byggprojekt från förstudie till förvaltning krävs samverkan mellan många olika 

aktörer, vilket ställer höga krav på informationshanteringen. En viktig del av 

informationshanteringen är kravhanteringen, som i detta avseende hänvisas till den process att 

samla och definiera beställarens krav som löper genom ett byggprojekt. 

 

I detta examensarbete studerades hur processen för kravhantering har gått till för två olika 

sjukhusprojekt, Nya Karolinska Solna och Centralsjukhuset i Karlstad. Syftet med studien var att 

undersöka hur kravhanteringsprocessen kan förbättras genom att tillämpa ett mer modellbaserat 

arbetssätt. För att undersöka detta har först processen för kravhantering i de två projekten 

kartlagts. Detta har gjorts via intervjuer med aktörer med gedigen kunskap och delaktighet i 

projekten. Utöver intervjuer har data även samlats in via en litteraturstudie samt genom att 

studera projektspecifika dokument, bland annat rumsfunktionsprogram. Efter kartläggning av de 

två projekten sammanställdes en generell kartläggning av kravhanteringsprocessen. Detta för att 

åstadkomma en modell som är applicerbar för en större mängd projekt. I den generella modellen 

analyserades därefter hur aktiviteter och leveranser hanterades med avseende på 

modellorientering. De två huvudsakliga bristerna som identifierades i processen var bristfällig 

dokumentation och otillräcklig nivå av modellbaserat arbetssätt. Dokumentationen ansågs vara 

bristfällig på grund av: 

 Bristfälliga rutiner och metoder för hur dokumentation ska hanteras, vilket leder till att 

information förloras längs vägen och en försämrad spårbarhet av krav. 

 Avsaknad av ett standardiserat tillvägagångssätt för definiering av krav. Detta resulterar i 

svårigheter att jämföra krav och för att vidareutveckla tekniska lösningar som uppfyller 

det ställda kravet.  

Det modellbaserade arbetssättet ansågs vara otillräckligt med hänsyn till tre aspekter;  

 Hur information visualiserades till projektmedlemmar 

 Hur datorverktyget integrerade information om krav, kalkyl och tidsplanering 

 Den utsträckning av arbetsuppgifter som hanterades manuellt 

 

Baserat på dessa slutsatser ges följande rekommendationer:  

1. Öka modellbaserat stöd samt integration med kalkyl och tidsplanering 

2. Använda databasen som ett verktyg för erfarenhetsåterföring av konstruerade 

vårdverksamheter för beställaren 

3. Strukturera databasen enligt BSAB för att införa krav på byggdelar 
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Abbreviations 
 

CFU    Colony Forming Units  
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1. Introduction 
This chapter describes the background and the problem area of the study. Further, it defines the 

purpose and the limitations to clarify the aspects not taken into consideration in the study. The 

chapter concludes with a description of the thesis outline.  

 

1.1 Background & problem discussion 

A construction project running from concept to facility management requires interactions 

between many various stakeholders, which places high demands on information management 

(Yu et al., 2005). An important part of information management is the briefing process, which 

refers to the process of achieving the client's requirements that runs through a construction 

project (Elf and Malmqvist, 2009). It is a crucial process which covers compilation and analysis 

of information needed for decision-making and implementation of the decisions (Elf and 

Malmqvist, 2009). The process requires the client to have a good understanding of the user’s 

needs in an early stage and to make sure that these needs are met in the final design of the 

building (Yu et al., 2005). A successful briefing process can protect the client from major 

sources of delays, avoid cost overruns and could enable the design to begin earlier and progress 

more efficiently (ibid). As the briefing process proceeds, needs and requirements may be 

changed or revised and it is important that all decisions and reasons justified throughout the 

project are properly documented, in order to be able to update and track the changes (Cheong et 

al., 2003). However, documentation is often put aside and changes are made gradually based on 

previous solutions (Kiviniemi, 2005). The sequence of many small changes, without a proper 

documentation, may lead to an end result that no longer corresponds to the initial requirements 

(ibid). How to manage requirements differ between projects but fundamental for all is to have 

defined methods and routines for documentation and communication (Bowin, 2008). 

Traditionally, documentation of requirements are recorded on paper-based documents, such as 

drawings and notes (Kiviniemi, 2005), but as information technology improves with time, 

requirement documents starts to be handled digitally to a greater extent (Jallow et al., 2008). 

 

Previous research has shown that documentation, communication and traceability of 

requirements can be rationalized by linking the requirements to computer tools. (Kiviniemi, 

2005). One way to manage requirements digitally is to link the requirements compiled in Room 

Data Sheets (RDS) to a database. This has also been proved by Beskow (2010), to facilitate the 

requirement management. However, Beskow emphasizes that not only improved technology can 

facilitate the process but need an informed and thought-out organization, identified process, and 

project specific tools.  

 

In this study, an empirical study is performed on two hospital projects, which currently manage 

the briefing process by linking RDS to a database. The authors of the thesis thus believe that 
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there are opportunities to further improve the requirement management by increase the 

integration between the requirements and computer tools, to a greater extent than today.  

 

1.2 Purpose of the study 

Based on the previous problem discussion, the purpose of the thesis is to examine how a model-

based approach can support the briefing process. The goal is to come up with recommendations 

on how a model-based briefing process can be developed further than it currently is managed. 

 

1.2.1 Research questions 

In order to achieve the purpose, three research questions have been set-up. The first question 

concerns the briefing process and aims to provide an insight in today's practice of hospital 

projects. The second question is related to how the activities and deliveries are currently 

managed and aim to answer in what respect these are model-based. The purpose of the third 

question is to identify the main problems in today's briefing process.  

 

1. What activities are included in the briefing process? 

2. To what extent is the briefing process model-based? 

3. What are the main deficiencies in the briefing process? 

 

1.3 Limitations 

The empirical study has been made on a Swedish construction company, on two currently 

constructed hospital projects. The study is therefore limited to study hospitals, and no other types 

of building. The justification of the choice of projects is presented in chapter 2. 

 

Activities that are not directly connected to the briefing process are not taken in consideration in 

the thesis since these are considered to be obvious in the construction process. A limitation has 

been made not to go too deeply into specific activities but instead focus on providing an overall 

picture of relations and linkages in the process. 

 

It is worth to note that requirements may be changed over a projects whole life cycle (Jallow et 

al., 2008). In this study, the evolvement of a business requirement from user’s need into 

completed construction document has been studied. Requirement related processes outside this 

scope are therefore excluded, or only briefly mentioned.  

 

Requirements can be distinguished between direct and indirect requirements. Most requirements 

are regarded as direct as they are associated with spaces in a specific room. A direct requirement 

can however lead to an indirect requirement by affecting surrounding systems or bounding 

elements. It is often difficult to notice and identify these indirect requirements, since it´s detailed 

solutions develops late in the process and is made by participants who necessarily were not 
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involved in the early stages when the requirements were defined. (Kiviniemi, 2005). A decision 

to exclude indirect requirements have been made but admitted to be briefly emphasized in this 

paragraph due to that indirect requirements are considered to have a significant influence on the 

briefing process in reality.  

 

1.4 Thesis outline 
 

Chapter 1 Introduction: Introduces the study, including a background, problem area, 

purpose and limitations of the study. 

                    

Chapter 2 Method: Explains the methods used to collect data and thereby achieve the 

purpose of the study. 

 

Chapter 3 Theory: This chapter describes the theory behind the main concepts of the 

study, which provide a fundamental basis for the analysis. 

  

Chapter 4  Project description: Brief presentation of the two studied projects. 

 

Chapter 5 Results: In this chapter, the results of the empirical study are presented. 

The result presents how the briefing process is managed in each project. 

Furthermore, it presents a compilation of the two project specific 

processes as a more general briefing process.  

  

Chapter 6 Analysis: This chapter provides an analysis of the result in relation to the 

theoretical framework. 

  

Chapter 7 Conclusion: The final chapter contains the conclusions of the thesis. 

Answers to the research questions are presented and recommendations for 

further research in the area are given. Lastly, the study’s credibility is 

discussed in terms of validity and reliability.  
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2. Method 
This chapter presents the research method of the study and further describes the data collection 

methods, composed of a literature study and an empirical study.  

 

2.1 Research method 

A study can be built on a quantitative or qualitative research method or on a combination of both. 

According to Ghauri and Grønhaug (2005), these methods do not exclude the other, which 

enable the first method to complement the second in the same study. Ghauri and Grønhaug 

(2005) further clarify that the general difference between a qualitative and a quantitative method 

is that the quantitative researchers use measurement while qualitative does not. A quantitative 

research aims to identify, explain or analyse a studied area in terms of variables and quantitative 

methods (Briefing, 1994). The method is applicable when a researcher has a desire to determine 

how often a phenomenon occurs and is often suitable when a researcher needs to examine 

relations or test hypotheses (Ghauri and Grønhaug, 2005). A qualitative research method is often 

used when the researcher instead seeks personal experience from a wider perspective (Briefing, 

1994). The qualitative method provides a better understanding of the studied context and is often 

collected by interviews or observations (Ghauri and Grønhaug, 2005).  

 

This study can be seen as qualitative since focus is put on identifying and understanding 

relationships within a process. However, it is combined with quantitative measurements due to 

data has been quantified in project specific documents, in order to better understand 

relationships.  

 

2.2 Data collection 

Data and information related to the studied topic is collected in order to support the final 

conclusion of the thesis. This data can be divided into primary- and secondary data, where 

primary data corresponds to data with intention to solve a specific problem and secondary is 

compiled by others and without intentions to solve the current problem, but another. The 

secondary data is used to find data that leads to a solution to the current issue and also to gain a 

better understanding of the issue. When or if, the secondary data is not enough to respond to the 

research question, primary data is used. (Ghauri and Grønhaug, 2005) 

 

To initiate the thesis, secondary data will be collected through a literature study. This will 

introduce the theoretical aspects behind the study and facilitate the recognition of the problem 

area as well as to understand the coming conclusions. An empirical study will further help to 

collect primary data and thus apply the scope to the specific research area. 
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2.2.1 Literature study 

The literature study aims to establish a theoretical understanding of the topic and constitute as a 

basis for the analysis of the results. Selection of literature was made in consultation with the 

supervisor and focus on information management related to the briefing process. Literature 

regarding interview methods has also been collected in order to formulate questions due to 

receive desirable answers. All literature was found in books, articles and other documentation 

within the studied topic. 

 

2.2.2 Empirical study 

The empirical study consists of a multiple case study with interviews made with selected project 

members.  

Case study 

A case study provides an opportunity to study a specific scenario and serves as a supplement to 

existing theory, in order to provide a new understanding of an issue (Ghauri and Grønhaug, 

2005). Ghauri and Grønhaug (2005) further refer to that a case study method is suitable for 

studies with research questions beginning with “what” and “how”. The case study method can 

include either single- or multiple case studies (Yin, 2009). 

 

In this thesis, a multiple case study is performed. The study is carried out on two currently 

constructed hospitals, New Karolinska Solna (NKS) and Central Hospital in Karlstad (CHK). 

The studies are conducted in order to get an understanding of the briefing process and to what 

extent the process is model-based. The two projects are chosen largely because the similarity in 

use of the buildings and also due to its proximity of completion. In addition, the choice of 

projects is made in consultation with the supervisor, who has knowledge and contacts within 

CHK while one of the authors has previously worked at NKS. The case study projects are 

presented in chapter 4. Although the case study projects differ in many ways, the aim with a 

multiple study is not to compare the projects, but to substantiate the findings.  

Interviews 

Interviews can be categorized as unstructured, semi-structured or structured. An unstructured 

interview allows the respondent to express personal opinions and feelings due to freely asked 

questions. The interviewer should ask guiding questions and answers interprets afterwards. In 

contrast, a structured interview is dependent on a categorized and predefined question format. 

This type of interview is based on statistical and quantification processes and do not give the 

respondent any room to express free answers. A semi-structured interview is perceived as a 

combination of the above described techniques where topic of questions and selection of 

respondent have been made in beforehand. (Ghauri and Grønhaug, 2005) 

 

The interviews in this study are of semi-structured type. This made it possible for the authors to 

get a broad understanding of the issue and also to get a good insight of how the respondents 
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manage and reason about the questions. The interviews were made with employees at Skanska as 

well as relevant actors with knowledge within the studied projects. The choice of respondents 

was made in consultation with the supervisors and when selecting respondents, the focus was put 

on actors who are well versed in the subject, rather than their title. This resulted in actors with 

the same title may not necessarily have been selected from the two projects. A list of selected 

respondents is found in table 2.1. All interviews were made face-to-face and performed by the 

two authors. As a base for all interviews, a pre-formulated question surface was used. The 

question surface was adapted before each interview, based on the current respondent’s role and 

knowledge. The surface can be found in appendix 1. The interviews were recorded in order to 

make it possible to go back and listen to what was said, which facilitates compiling of the result 

and the progress of the analysis. The results from the interviews were then compared with the 

theoretical framework and the information conducted from the case studies. An alternative 

method to collect empirical data would have been to send out questionnaires to a large number of 

project members. However, interviews were chosen since it gives an opportunity to study the 

projects in greater depth due to the opportunity to confirm understanding and ask follow-up 

questions. Formulations of questions and sequence of issues could be adjusted by the respondent 

in interviews, which would not have been possible with questionnaires.  

 

Table 2.1. Selection of respondents 

Role of respondent Organization Case study project Date 

Equipment Manager Client CHK 2014-10-01 

Construction Manager Client CHK 2014-10-01 

Local Planner Client CHK 2014-10-01 

Commissioning 

Manager 

Client CHK 2014-10-01 

President Provider of the 

Database 

NKS & CHK 2014-09-24 

BIM-Coordinator Contractor NKS 2014-08-28 

Internal Manager Client NKS 2014-10-13 

Clinical Design 

Manager 

Contractor NKS 2014-10-16 
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3. Theory 
This chapter begins with a presentation of the construction process with intention to identify the 

activities and information deliveries that occur in a project. With regards to the found deliveries, 

the briefing process is further described to emphasize the importance of information exchange to 

and from the client. In this context, crucial areas and activities that are essential for the briefing 

process are presented. Lastly, a description of how information can be built and how it can be 

implemented in a project is provided. 

 

3.1 The construction process 

The aim with describing the construction process is to address significant activities that create 

information exchanges. It will also help to identify what and when information deliveries are 

scheduled and thus help the authors to designate the persons to interview further in the study. 

The construction process can be described in various ways depending on type of project and 

different conditions in terms of organizational structures and financial incentives. In this thesis, 

two different ways of looking at the process are described. The first description is based on 

Bygghandlingar 90, which is the Swedish national construction industry´s recommendations for 

accounting construction projects (Löwnertz et al., 2008). The second description is based on the 

theory of Axiomatic Design, described by Jansson et al (2013), after (Suh, 2001). It is an 

alternative way of looking at the construction process with focus on the development of client’s 

requirements throughout a project. 

 

3.1.1 Bygghandlingar 90  

Bygghandlingar 90 del 8 describes a relatively simple and natural process based on four main 

phases. These phases and associated activities can overlap and vary in order, depending on the 

project’s characteristics. The phases describe significant activities to exchange information 

through the process. Appendix 3 shows a map over the construction process, including the 

activities, stages and roles mentioned in the following text. Activities in regards to reviewing and 

approval of documents are not included in the map, but are normally scheduled within each 

phase. The authors have translated the phases to; pre-study phase, design phase, construction 

phase and operational phase. To keep the scope of the study, the phases are described in less 

detail than Bygghandlingar 90 del 8 and focus is put on the early stages of the process. Therefore 

the construction and operational phases are only briefly presented.  

Pre-study phase  

The pre-study phase begins with that the users defines the need for a new building and provides 

information about their business. The users’ needs, together with requirements set up by the 

property owner such as; managing- and facility managing requirements and supplier 

requirements, form an activity description. The activity description presents the intended 

function of the building, which also is influenced by requirements from the community and the 
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property owner’s business plan. Based on the activity description, a spatial programme is 

created. The spatial programme describe the requirements of the space needed for the business 

and is set up in conjunction with an initial cost estimation of the project. A basis input for 

establishing the spatial programme is to consider the current environment. The spatial 

programme is built up by estimations of the information collected up to this point and act as a 

definition values that should be in the project. Therefore, the spatial programme can later be 

compared with the completed building and its design results in order to verify and evaluate the 

activities. The process of developing an activity description and a spatial programme is usually 

managed within the same organization. This means that it is the organization that also has the 

responsibility to schedule opportunities for reviews and approving of the work. Based on the 

conclusions of the activity description and the spatial programme, the need of a new building, 

reconstruction or extension is stated, which initiates a new construction process. The spatial 

programme is then converted into requirements on the construction work and represents 

conditions for the building itself, equipment and components in a building programme. Another 

important input for the building programme is to concern the conditions of the property and 

optional buildings currently located on the property. The building programme is used as a base to 

create programme specifications. The building programme and the programme specifications 

then together sets out the conditions and requirements of the building and form the basis for a 

time schedule and a more specific project budget. Before the budgeting and scheduling, reviews 

and evaluations are performed on the proposals.  

Design phase 

The design phase depends largely on the decision of contract form and its division of 

responsibility. It can be performed by contractors, manufacturers and other actors. Review and 

approval sessions are often scheduled at each determination of documents. The information 

gathered in the pre-study phase is provided in any type of model server to create synergy among 

the involved actors. This becomes a framework for the design work, whose information develops 

gradually through the project by increasing the level of detail. If needed, the client applies for a 

detail development plan on the basis of the programme specifications. A decision about the 

design is taken and the work with initiating design input begins. The programme specifications, 

along with design input form the basis for an approved building permit document. At this stage, 

the developed design framework are compared with the spatial programme, established in the 

pre-study phase, with aim to follow up on the design results and see if these are consistent with 

the initial defined requirements. The design work further develops into draft documents and 

principal documents. The documents are reviewed, coordinated and further turned into a tender 

enquiry document, which is the base for the tendering process. The tender enquiry documents 

will later be forwarded to the contractor procured. The contractor then establishes the contract 

documents, presenting all information necessary to construct the building. Management 

documents, which describe what is needed in the management of the building, can also be 

initiated at this stage. As mentioned, there are many forms of procurement. Depending on the 

decision of contract form, the tender enquiry documents may not be performed as a request but 
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based on agreements regulating prices, deliveries and time. Information that governs the activity 

may be based on agreement and rules within the company.  

Construction phase  

The procured contractor uses the construction documents to establish a time schedule, budget, 

list of quantities and costs. This constitutes the basis for the decision for purchase of services and 

materials. Based on the decision, planning of the actual production and deliveries are made by 

the contractor. Within this activity, a delivery-, production and sub-order time plan are created. 

In connection to this, the construction of the building begins. During the construction there are 

sometimes changes in the design. In case a change occur; the designers and the contractor update 

the designed information with the agreed information about the changes. The bases are the 

construction documents and progress reports from the actual production. The changes are then 

finalised in as-built documents. As-built documents thus show the actual result of the production 

and are used to process documentation of changes in the building. The construction phase ends 

with the client performs an inspection of the building.  

Operational phase 

Information and documentation established up to this point is further transferred into the 

operational phase. The information constitutes a fundamental basis when current facility 

management information is fixed and when or if information needs to be added or updated. The 

phase includes management and use of the building. The as-built documents established during 

the construction phase may be supplemented during the management phase. This is due to fault 

reports made by the users, which constitute a basis for the change of the building.  

 

3.1.2 Axiomatic design  

The theory of Axiomatic Design is an alternative way of looking at the construction process with 

focus on the client’s requirements and its development throughout the project. Axiomatic design 

is defined as the mapping process of “what we want to achieve” to “how we achieve it” (Jansson, 

2010) after (Suh, 2001).  

 

The theory of axiomatic design divides the construction process into four stages, so called 

domains. The domains represent different stages of the development of requirements through a 

project. The first stage is customer attributes and represents the start of the project. At this point 

needs of the users are expressed. The second stage represents by functional requirements and 

covers the requirements that have to be fulfilled in order to satisfy the need of the users. The 

third stage is design parameters, which refers to the solutions of how to fulfil the functional 

requirements. Lastly, production variables corresponds to documents in regards to preparing the 

actual construction. Between the domains there are mapping processes which correspond to the 

task to transform the requirement from one domain to another. The mapping process is described 

as “transformations which are normally carried out by different actors with specific product 
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views”. The views are here referred to architectural-, engineering- and production view, 

illustrated in figure 3.1. (Jansson et al. 2013) 

 

 
 

 

Figure 3.1. Domain- and mapping processes. (Jansson, 2010). 

 

At an initial stage, the architectural view maps the customer attributes into functional 

requirements. Thereafter, the engineering view maps the functional requirements into design 

parameters. Finally, the production view, maps the design parameters into production variables. 

In the context of this study, only the first two views are of more interest and therefore, the 

production view will only be discussed briefly in terms of preparing documents such as for 

procurement. Alongside each of the mapping process, there are boundary constraints which form 

restrictions in the process and can be based on location or building. In each of the domains, 

mapping begins at the highest level of detail and continues with a lower-level, with the highest 

being the most generic requirements and the lowest being measurable detailed requirements. The 

higher levels of requirements will put constraints on the lower-levelled requirements and is the 

reason why beginning with the primary requirements is necessary. When for example choosing a 

design parameter to fulfil a specific functional requirement, there are two principles to consider. 

The first is to choose a design parameter which keeps the independence of the functional 

requirement. This means that if you adjust the design parameter, you only affect one functional 

requirement and all other remain the same. The second is if several design parameters are 

keeping the independence, you are supposed to choose the one containing the least amount of 

information. The reasoning is that this solution is more likely to succeed. The design process 

described by Jansson et al (2013) can therefore best be seen as an iterative process where 

functional requirement provides design parameters which in turn give new functional 

requirements with new constraints.  
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Figure 3.2. The iterative design process. (Jansson et al., 2013) 

 

3.2 The briefing process 

The briefing process refers to the process of achieving the client's requirements that runs through 

a construction project (Elf and Malmqvist, 2009). Lack of managing the briefing process is 

generally accepted to be a major factor that leads to budget overruns and delays, resulting in a 

dissatisfied client (Anumba et al., 2008). Therefore the client must have a good understanding of 

the user’s needs in an early stage and make sure that these needs are met in the final design of the 

building (Chaong et al, 2003). In this section follows a description of activities and areas that 

play a significant role in the briefing process, which can be crucial to the end result. 
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3.2.1 Documentation and communication 

All reasons leading up to decisions in the process should be well documented to ensure that no 

information disappear (Chaong et al, 2003). There are several different methods to capture and 

document requirements but regardless the method, the requirements contain various amounts of 

information depending on building type (Kiviniemi, 2005). Documentation recorded from the 

pre-study phase sets out the projects objectives according to the organization’s needs, including 

an overall project goal (Elf and Malmqvist, 2009) along with the key documents presented in 

chapter 3.1.1. Focus of the documentation should be put on organizational strategies and quality 

outcomes, which accordingly require deep understanding by the client organization (ibid). One 

example to exchange information in the pre-study phase is to work with identifying rooms and 

groups of rooms by giving each room a unique ID and connects it to its specific requirements, 

such as spatial and functional (Bowin, 2008). This enables more actors to give input at an early 

stage as well as early calculations and analysis. When the process enters the design phase, 

requirements develops into more detailed terms including the clients fully statement of the 

functional requirements for the building (Elf and Malmqvist, 2009) in accordance with the key 

documents presented in chapter 3.1.1. The documentation from these two phases are found to be 

fundamental for decision-making in the design process (Ryd 2004), facilitate cooperation 

between actors and significant regarding cost benefit analyses (Barett et al,. 1999). 

 

The briefing process requires continuous interaction between the projects participants (Yu et al., 

2005). It is therefore important that all concerned actors are involved in the decision-making 

through the whole process. According to Kiviniemi (2005) it is thus not always the case that 

users are involved in the actual construction process, resulting in that they cannot control and 

follow the development of their requirements. However, in the briefing process of hospital 

projects, it has lately become more common to put more focus on the users, for example doctors 

and their well-being (Elf and Malmqvist, 2009). One way to take this in consideration could be 

by basing the requirements on earlier research about the users (Elf and Malmqvist, 2009). 

Another solution could be to involve the users in work groups where they express their needs and 

together with other project members such as architects and the client establish early requirements 

(Fröst, 2004). 

 

Coordination of information aims to have defined methods and routines of communication, 

organization and delivery procedures. It requires a regulated way of working when it comes to 

communicating, structuring and storing information. It can bring advantages concerning 

activities such as; a basis for decision-making, coordination between actors and availability of 

information. To harvest these advantages, it is necessary to put large effort early in the process 

by, for example, create a base model that can be used by other actors. The coordination of 

information needs to be organized regarding decisions of who is responsible for different areas 

and who has the right to make decisions amongst the actors. For the coordination of information 

to work well, one person should have the responsibility for the coordination between the actors 

involved. Agreements among the actors regarding how the information network is secured 
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against intrusion, managed and how it is kept available must be agreed upon. Information can be 

managed and delivered in a document, a model or as a part of either of them. Requirements on 

the information are based on what the information will be used for, both in the immediate future 

and in the long term. (Bowin, 2008) 

 

Information can be distinguished between structured and unstructured. Unstructured information, 

for example documents, allows only requirements regarding its content. However, requirements 

on structure, design and included parts are allowed in structured information, for example a 

model. A document presents information in a way that looks non-digital as in drawings, reports 

and registers. Documents are often related to other documents or models, for example, drawings 

are often based on a specific area in a model. Each type of documents has its own requirements 

on content, internal structure, presentation and relationships with other documents/models. A 

model consists of more complex information on several objects that are related to each other. It 

offers more possibilities for how information can be structured since the different objects can 

have various properties. Conditions and technical characteristics of the hardware and software 

that affect the communication must be specified in order to ensure that the information is 

exchanged efficiently and continuously with no waste or interruptions. The exchange of 

information can occur in two different ways, either direct or indirect. Direct is when someone 

sends the requested information directly to the receiver while indirect means the information is 

stored and the receiver collects the information himself. Provisions regarding form of 

communication as storage, media, network must be specified where the most common forms are 

e-mail, project networks and ftp-servers. In a project network, all actors need to have basic IT-

knowledge and to be responsible for their part. If the information is model-based, the question of 

how the information is going to be coordinated between different actors needs to be sorted out. Is 

it best to use separated models or one coordinated model? Depending on this decision, there 

needs to be routines regarding how the models will be organized, for example classification of 

objects and security policies. It is also important to decide how the model will be placed in a 

coordinate system and what relation it will have to drawings. (Bowin, 2008) 

 

3.2.2 Documentation of changes  

As the briefing process proceeds, the early documentation is often put aside and changes are 

made gradually based on previous solutions. The sequence of many small changes, without 

changing the scope or without an understanding of the relationship between the proposed 

solution and project goal, may lead to an end result that no longer corresponds to the initial 

requirements. One reason for requirements shifting away from its original intent is that the 

documentation is not well updated throughout the process. It is usual that changes of 

requirements are recorded in drawings, notes or meetings, or even worse, captured in the 

memory of the actors. In practice, it is difficult for the participants to remember all relevant 

decisions regarding the requirements but also the relationship between different requirements. As 
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a consequence, information is lost along the way which makes it difficult to trace the 

requirement to its original state and find the latest version. (Kiviniemi, 2005) 

 
 

Figure 3.3. Requirement shifting away from its original goal. (Kiviniemi, 2005) 

 

3.2.3 Connection between requirements and computer tools 

Another problem associated with the briefing process is the vague connection between 

requirements and computer tools. Documentation between changes is more often used in the 

early stages but currently not introduced to the whole process. This implies that changes are not 

consistently updated as the project proceed and lacks an easily accessible format for the different 

participants. A connection between the requirement documentation and the design tools would 

facilitate the cooperation between the different actors. For example, the designer would easier 

find the updated requirements and the users would be able to compare the design with their 

requirements. (Kiviniemi, 2005). Thus, in time with the constant development of information 

technology, requirement documentation starts to be handled in more digital forms. By increased 

digital communication of requirements, it has been shown as advancement with common use of 

digital systems among the involved actors. Furthermore, communicating requirements digitally 

helps to inform the actors concerned with both construction and design. The stakeholders in a 

project have different interest in requirements and it is thus important that the documentation is 

comprehensible and available to all. (Jallow et al., 2008) 

 

According to Löwnerts et al (2008), there are two different types of model-based information; 

geometry models and building information models. A geometry model mainly represents visual 

information where different filters and views can be applied to see a specific part of the model. A 
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building information model is based on objects and relationships between objects. This is also 

described by Sinclair (2014) who distinguishes models by geometry and data, where the first 

refers to the visualization and the second contain all data related to the visualization.  

 

3.2.4 Requirement traceability 

Requirement traceability defines as “the ability to describe and follow the life of a requirement, 

in both a forward and backward direction (i.e. from its origins, through its development and 

specification, to its subsequent deployment and use, and through all periods of on-going 

refinement and iteration in any of these phases)” (Gotel and Finkelstein, 1993). Need for 

traceability applies primarily when information replaces a document, or when the information is 

based on functional requirements, external references or other documents (Bowin, 2008). The 

procedure for changes as well as for review and approval of documents should be agreed upon 

by the involved actors. For the document to be traceable and portable among users, its name 

should remain unchanged during its entire life cycle and be supplemented if changes occur. 

Selection of media for storage should be done in regards to meet the receiver's ability to store 

and read the delivered information. The documents should be named in a systematic way to 

facilitate grouping and sorting of documents and to identify its contents. (Bowin, 2008) 

 

The extent of which requirements can be traced to its original state determines by the type of 

information to manage and its granularity, in other words; how much the information is broken 

down (Malmqvist, 2000). The granularity of information determines the supported degree of 

traceability and can be categorized according to whether the information is based on documents, 

objects or a combination of the two. The simplest degree of requirement traceability is by 

managing the information through a document-to-document approach. The requirement specific 

documents may consist of many requirements which further must be linked to its corresponding 

product defining documents, making it more difficult to trace a specific query. There is also a 

risk of inconsistency in the structure of the requirements since they are restructured and degraded 

into subdocuments. (Malmqvist, 2000). The fact that the information is document-based often 

causes difficulties to maintain and trace requirements - a major argument to introduce computer-

based support (Andersson et al., 2013). In accordance with this, an increased level of traceability 

is achieved with an object-to-document approach, allowing identification of CAD files associated 

to the requirements (Malmqvist, 2000). This will for instance minimize the risk of inconsistency 

in the structure of requirements. The highest implementation of traceability is through an object-

to-object way of working, which enable traceability through design-, and property parameters. 

This approach allows quantitative tracking of the impact of a change in requirements or 

modifications of design parameters. This requires one to define the characterizing parameters of 

a function carrier, which can work well in simple parameters but difficult for more complex 

geometries. (Malmqvist, 2000) 
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3.2.5 Quality aspects 

Quality aspects related to the requirements need to be concerned in order to assure and assess its 

reliability. For each information delivery, the selection of information is based on its intended 

purpose and how long the information is needed in the future. The selection of information 

should be documented in order to clarify what information is included in a model or a document. 

The sender of information is required to make a self-check regarding the quality of information. 

When the information concerns several actors, a coordinated check should be performed to 

ensure its quality. An information delivery should be followed by a message to inform the 

receiver about the information. In the same way it is a good idea for the receiver to send an 

acknowledgment so the sender is aware of that information has been received. Validation and 

approval of information is normally done one document at a time, however there are no principal 

barriers stopping this to be done on a model-level. Most important is that the procedure of 

information management is agreed upon with the client. (Bowin, 2008) 

 

3.3 Implementation of digital information 

To obtain a good requirement management process, information must be built up and be 

implemented in a way that satisfies all project members. There are many ways to establish this 

and in the following sections, commonly used approaches are described. Section 3.3.1 provides a 

description of how information can be built up through standardization and section 3.3.2 

provides a description of how the built information can be implemented to different levels. 

 

3.3.1 Building of information 

To build information, mainly three elements need to be considered in the context of 

standardization; data-model, term-model and process (Ekholm et al., 2013). Each element is 

crucial and contributes to the building of information. The elements are interrelated in such way 

that the term-model defines the construction terms, the data-model defines the term-model and 

the process specifies the information (Malmkvist and Ljungwe, 2014). Thus, it is important that 

the elements work in conjunction. 
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Figure 3.4. Relationship between the main aspects of standardization. (BuildingSMART, 2014) 

 

Term-model 

Exchanging information between different databases requires common definitions of terms 

regarding properties and object classes (Ekholm et al., 2013). Many actors in a project use the 

same terms, such as construction parts, products and components, however, the terms can have 

different meanings and therefore apply different level of complexity of the terms (ibid). A 

developed standard of terms applied for the entire industry could avoid misunderstandings 

caused by diverse definitions and different languages and would therefore increase the efficiency 

of the work (Malmkvist &, Ljungwe, 2014). 

Process 

Essential in the work with information in models is to have a developed standard for information 

exchanges, regarding its content, delivery descriptions and the projects contract form (Ekholm et 

al., 2013). Fundamental for the information exchange is to agree upon what information to be 

included in a delivery in any situation and the legal status of the information (ibid). It is 

important that the information flow is continuous and quality assured, which requires that the 

procedures are specified regarding; who the deliverer is and who will take part of the 

information, when the delivery is planned, the aim of the delivery etc. (Malmkvist and Ljungwe, 

2013). The information needs to be clear and structured, especially if the process is automated 

and not interpreted by a human (ibid). Functional and spatial demands from the users need to be 

verified through the process, which require methods and routines for information exchange 

(Ekholm et al, 2013).  

Data-model 

To manage the data produced in a project, common standard formats for handling information as 

well as interfaces in the databases must be agreed upon among the users (Ekholm et al, 2013). 
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Common format standards are needed along with common terms to specify how data should be 

expressed to be readable by computers (Malmkvist and Ljungwe, 2014). Interfaces must be 

clearly specified between databases, server models and other sources of information so that 

information can be handled by different systems and platforms through the process (Ekholm et 

al, 2013). 

 

In Bygghandlingar 90 del 8, the recommendation is that methods of file management regarding 

the delivered files should be applied in order to control and manage the information exchange 

properly. This can be done with respect to file formats, naming of files, choice of media and 

procedure to exchange object information between different software. File format refers to the 

data file’s internal structure and different format sets limits restrictions or gives opportunities on 

how the file can be used and what it can be used for. Each format requires software that can 

handle the specific file format and the selecting of format should be guided by; how it will be 

spread, used, edited and how it will be used for printing. If possible, it is best suited to use open 

formats, for example IFC. (Bowin, 2008) 

 

3.3.2 Implementation of built information 

A model that shows how built information can be implemented is developed at Centrum for 

Integrated Facility Engineering (CIFE) at Stanford University. It is a maturity model, divided 

into three levels. Each with own strategies, costs, value proposition and produced value. The 

following section is based in this model. (Kunz and Fischer, 2012) 

Visualization 

The first level is Visualization, where the project is created in a 3D-environment by the project 

teams. It can show the processes (activities and milestones), products (building elements) or 

organizations (organizational groups), which can be modelled and visualized routinely 

throughout the project. It is a social process to incorporate and share models for the stakeholders 

to relate to, and understand better. Through visualization, more stakeholders can participate in 

the review than compared with routine practice, which accordingly clarifies a projects design, 

objectives, responsibilities, values and expectations. It is important that the stakeholders 

effectively can communicate their needs and concerns to other partners as well as to understand 

and meet the design of other partners constructively. This will also improve meeting efficiency. 

The visualization stage can be implemented relatively easy since current software and hardware 

are already available and it is relatively inexpensive and benefits can be found in individual 

projects. The involved stakeholder organizations need to have competence to interpret and 

develop the models in order for the visualization to serve well, which may require the 

stakeholders to establish a strategic investment for methods and use. A strategic change in the 

contract may also be required, since a contract need to allow and encourage data-sharing among 

the stakeholders. Visualization is considered as the most effective approach for stakeholders to 

accurately explain themselves as to analyse their work and work of other partners. 



19 
 

Integration 

The second level is integration in which projects establish computer-based methods to 

communicate data between the different models in a reliably way. The stakeholders need to 

agree upon an exchange standard which suits all software producers for the integration to work 

well. As mentioned previously, IFC is one standard designed to enable the process of automated 

integration. Ideally, the standard assures that one model’s content is shared appropriate to 

different models. The integration stage includes automated checking for consistency between 

different models, which is done manually in the visualization phase. Therefore, good integration 

can reduce time and effort spent on modelling. Integration is more expensive to implement than 

visualization since it requires investment in software, in addition to methods and human 

resources. The investment required must be supported by the firm rather than the project, 

resulting in that the investment is not repaid back in individual projects, but over multiple 

projects. As well as for the visualization, strategic change in the contract may be required since it 

need to allow and encourage data-sharing among the stakeholders. 

 

Automation 

The third and last level is Automation where automated processes are applied in the projects. 

These processes are used either for routine tasks in the design or to assist the building of pre-

assemblies in factories. By implementing automation in a project, the effectiveness and 

efficiency in the design work increases dramatically and, in addition, the construction duration is 

reduced significantly. The project organization must normally do an extensive change in their 

processes to improve the design through automation. Automation is also a relatively expensive to 

implement due to the same reason as the integration phase and it will not generate benefits in an 

individual project, but in multiple.  
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4. Project description 
This chapter provides a brief presentation of the two studied projects. Furthermore, the principle 

behind the tool to communicate requirements, by linking RDS to a database, in the projects is 

described. The information in this chapter is collected from project specific documents and 

interviews. 

 

4.1 New Karolinska Solna (NKS) 

NKS is a new construction project of a top modern university hospital, which will conduct highly 

specialized medical care as well as research and education. The hospital comprise a number of 

buildings, including a gross area of 320 000 square meters. The first patients will be received in 

2016 and the hospital will be fully completed in 2017. NKS reach the largest construction project 

in Skanska’s history with a contract value of 14,5 billion SEK. (Nya Karolinska Solna, 2014) 

 

 

Figure 4.1. New Karolinska Solna. (Nya Karolinska Solna, 2014) 

 

NKS is managed as a public private partnership (PPP), between the project company Swedish 

Hospital Partners AB and Stockholm county council. A PPP contract aims to add more value in a 

project compared to a traditional contract by enabling large degree of reliability and predictably 

in the project. The basis of PPP is that the client specifies the final result while the project 

company is responsible for the delivery and implementation of the requested services including 

construction, design, financing, operation and maintenance over a set contract period. The 

project company Swedish Hospital Partners AB stands for the financing and implementation of 

the project. The company is equally owned by the British investment fund Innisfree and Skanska 

Infrastructure Development. Skanska Healthcare (SHC) is the building contractor performing the 

construction of the project and is a construction joint venture owned by Skanska Sweden (70%) 

and Skanska UK (30%). Coor Service Management is responsible for the development, 
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coordination and delivery of facilities- and workplace services during the contract period of 30 

years. Finally, Karolinska University Hospital is responsible for formulating the requirements 

regarding medical equipment and the information and communications technology, as NKS will 

be provided with. The relations between the actors are shown in figure 4.2. (Nya Karolinska 

Solna, 2014) 

 
 

Figure 4.2. NKS project structure. (Skanska Healthcare, 2013) 

 

4.2 Central Hospital in Karlstad (CHK) 

CHK can be seen as two separate projects, a new construction and a reconstruction of existing 

hospital facilities. The total cost of the project is estimated to be 1,350 billion SEK. Only the new 

construction is studied in this thesis.  It covers a gross area of 29 000 square meters, divided into 

600 rooms. Its main activity is surgical operation but will also contain a pain centre, endoscopy 

reception and recovery ward. The initial investigation of a new construction began in 2008. The 

building of construction started in 2012 and is estimated to receive patients during spring 2016. 

(Landstinget i Värmland, 2014) 
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Figure 4.3. Central Hospital in Karlstad. (Landstinget I Värmland, 2014) 

 

The contract is managed as a turnkey agreement in partnering between the county council of 

Värmland as the client and Skanska as the contractor. The basic idea of partnering is a set 

agreement among the client, the contractor and the suppliers to strive for a common and effective 

form of cooperation with aim to create value for all involved stakeholders. The cooperation 

results in, among other activities, shorter decision paths and opportunities to start production 

before the design of the whole building is finished. (Landstinget i Värmland, 2014) 

 

4.3 Requirement communication 

Both the studied projects have used the same method to communicate requirements, by linking 

Room Data Sheets (RDS) to a database. A RDS is a document that describes the client´s needs 

from an early stage in terms of functional requirements for every room in the building and can be 

seen as an information carrier of the requirements through the process (Beskow, 2010). It may 

for example specify an operating theatre in a hospital to have an indoor temperature of 21 

degrees Celsius, the maximum temperature that can be accepted and which air flow as desired. 

Furthermore, the number of electrical outlets, dimensions on openings and what media that 

should be in the room can also be added to the RDS. Appendix 2 shows an example of RDS. 

Today, RDS are often managed as text documents but for larger and more complex projects, 

such as the studied hospitals, it is now common to connect the RDS to a database.  

 

The tool that serves connection between RDS and the database in both projects is a developed 

database application which facilitates an efficient and flexible planning and coordination. It is 

designed to be used in the pre-study stage, design process and during construction. Actors whose 

work is affected by the requirements have access to the database which means that all have easy 

access to the latest valid information. Together with the users, decisions what each room will 

contain in regards to space planning and equipment is made. At an initial stage, assumptions 

about what should be built, together with experiences from previous projects are collected and 

entered in standard rooms. A standard room serves as a proposal of a typical room, for example 

an operating theatre, including needed requirements and equipment. To use standard rooms can 
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be likened with creating a template that can be applied to a large number of rooms in a simple 

manner. When changes are performed, the changes only need to be inserted in the standard room 

and all rooms tied to the standard room are thereby updated. After a process of standard room- 

and layout work, the standard rooms are multiplied with the requested number of rooms in the 

building. As the process proceeds, the tool is continuously updated with new information and the 

level of detail increases. New information may imply that a standard room needs to be adjusted 

after being loaded and adapted to the rest of the building. A new sketch of the room is then 

created and its additional requirements are entered in the database. This transforms the standard 

room to a unique room. It is, in turn, the unique rooms that make the base for the construction 

documents, from which the building is constructed. Figure 4.4 shows the development of the 

process in relation to time and information. The same information is needed through the whole 

process, but specified in different level of detail.  

 

 

Figure 4.4. Transformations of a standard room (Persson, 2014) 

 

This specific database mainly includes medical equipment, such as x-rays and cet-scanners, and 

is therefore suitable for hospital projects. The database allows communication to the architect’s 

drawings by being connected to the design programs Revit, AutoCAD and Architecture. For 

example, if the users add equipment in the database, the equipment will be automatically placed 

on the drawing. This implies that a room’s requirement can be specified before the design 

process begins. In accordance, it gives an opportunity to getting it all right from the beginning 

and in an early stage see if the developed solution is suitable and adapt the building to the room’s 

requirements rather than vice versa. The drawings and the database are thus related to one 

another. The drawing shows the building in 3D and the database contains valuable information. 

This is thus a similar tool that Sinclair (2014) describes in chapter 3.2.2. The database can create 
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standardized reports for PDF printing and export to excel format. It also allows quantification, 

synchronization between database-CAD and copy functions. Changes made after the standard 

rooms have been initiated can be documented in the database. These changes may be due to the 

client not always knowing in detail what to ask for in every room in an early stage. New 

information regarding product- or execution costs from the contractor may also call the client to 

modify the requirements through the process. How much information the RDS should include 

depends on the projects character. In this study, the RDS are built up on the same structure with 

the same headlines, covering the same information for both projects. The information serves as a 

compilation of the requirements of a room with eventual references to more detailed information. 

If any further information is needed, this can be found in the database or other documents 

referenced. The database is available through web-based login for all actors involved with any 

requirement included in the RDS (contractor, sub-contractors, consultants etc.). The database has 

different levels of authorization, from being allowed to view information to change information 

in the database. The levels of authorization are made mainly due to a question of quality and 

safety. All participants have the opportunity to search information but only a few have the 

authority to make changes.  
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5. Results 
In this chapter, the results of the empirical study are presented. The data is collected through 

interviews with selected actors and by studying project specific documents. The chapter begins 

with describing how the briefing process is managed in each of the studied projects. Thereafter, a 

compiled description of a more general applicable briefing process is provided. This description 

is built up by the findings from the project specific processes, where similarities and differences 

have been covered.  

 

5.1 Briefing process 

The presentation of the project specific briefing processes follows the structure of how the 

construction process proceeds, from pre-studies to completed construction document. The result 

is compiled in two process maps showing the included activities, stages and roles mentioned in 

the national guideline (3.1.1 and appendix 3). These maps are presented in Appendix 4 and 5 and 

can work as a guide to follow the presentations in 5.1.1 and 5.1.2. The left column in the 

appendices presents the type of roles and processes that constitutes vital parts for the briefing. 

These roles and processes can be interpreted differently in different contexts and to avoid 

misunderstandings, descriptions of the types are stated as follows. Users refer to personnel from 

hospital facilities, such as doctors and nurses. The client represents the county council, who 

possesses the initiative to build the project. The contractor refers to the general contractor 

together with optional sub-contractors. The row for design refers to the process of both the 

architecture and engineer design work. At last, database refers to the process of the external 

database, described in 4.3. Activities and information that were not considered to have a clear 

connection to requirement management is not included in the result or the process maps. 

 

5.1.1 Central Hospital in Karlstad 

The first step towards constructing a new hospital building was taken in 2008 as the county 

council initiated pre-studies on replacement facilities. The main purpose of the pre-studies was to 

investigate the need of new facilities and to make a plan for how further studies would be 

conducted. The organisation and its steering groups were formed in 2009 and during the same 

year, the users were involved in the project as the project leader interviewed operations managers 

of the concerned divisions. The need of new hospital facilities was at this stage clear, however, it 

was not decided if the need would be met with a new building or an extension of the current 

hospital. The topic of the discussions was to renovate the current hospital building. However, the 

facilities were not suited for the new business, bearing walls restricted reconstruction and 

recovery areas after surgery were undersized, which indicated a new construction. At this stage, 

the governing information was not direct requirements, but more loose needs and desires. 
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“This was a stage to initiate a dialogue for the design of the design 

dialogue” 

Client, Commissioning Manager 

  

The pre-studies, together with standards from the county council, gave input for further 

development of the proposal and the steering group committee decided to carry out a design 

dialogue. The design dialogue was developed by Fröst (2004) and is a method to involve users in 

the construction process (chapter 3.2.1). The process involved employees from relevant hospital 

departments and units, representatives from the county council and from the architectural firm 

DOT Architects. The design dialogue contained six workshops lead by an architect during the 

spring and summer of 2010. Between all workshops, the architect collected the work and created 

design outlines. The architect brought the outlines to the following workshop and visualized the 

design to the rest of the group through 2D drawings. A protocol was sent out to the participants 

after each workshop with opportunity to leave comments and feedback. The level of detail in the 

work increased gradually with the number of workshops performed. The first workshop aimed to 

establish a workflow of a new hospital building by creating draft lines on a whiteboard and 

brainstorming ideas on post-it notes, which further were arranged together to create an overall 

picture of the building. At this stage, the work was kept wide and open for new ideas. In the 

second workshop, practical considerations were established in a plan schedule. Areas were 

marked on drawings where each area represented the amount of space estimated to be required 

for the different units. Atriums were planned to estimate the required amount of daylight and the 

architects considered some of the requirements with regards to installations, for example 

requirements on electricity and ventilation. In the third workshop, conditions for entryways and 

vertical shafts were presented. Up to this point, a plan and establishment of how the hospital 

would run was outlined. The outline included a plan of how patients would get from one place to 

another in a natural flow. One scenario could be that a patient enters the hospital through the 

emergency department. The patient must then proceed to the closest area for surgery preparation 

and further into the operating theatre. Thereafter, the patient awakes in the recovery area next to 

the operating theatre, which completes the circle. The forth and the fifth workshop aimed to 

further develop the design solutions and the last workshop acted as a summarizing meeting 

where a final proposal was presented. No major changes were made in the proposal at this point, 

but left to the architects to develop further in the process.  

 

“Working with the design dialogue allowed users to affect the 

construction. It is, after all, those who know the business best” 

Client, Equipment Manager 

 

The database was not involved with the work in at this point. According to the respondents from 

the county council, there was however a desire to implement the database already in the design 

dialogue. One of the main reasons behind this was due to the opportunity to estimate costs and 
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quantities for the project in an earlier stage. This would accordingly generate more accurate 

predictions and planning in the project as a whole and was expressed to be a priority 

improvement for coming projects.   

 

The result from the design dialogue, including an estimated budget and different standards from 

the county council formed the basis of the tender enquiry document. The tender enquiry 

document was sent to contractors and during the following bidding process, the tender enquiry 

document was used to apply for (and receive) a building permit for the project. At this time, the 

county council made the decision to start the project and money was granted to the project. 

Parallel to the bidding process, the client conducted a risk and consequence analysis together 

with union representatives on the design outline, developed in the design dialogue. The outcome 

from the risk and consequence analysis was used as a base for the programme specifications. 

Four groups worked with the risk and consequence analysis where the work was coordinated by 

a project leader on a weekly basis. The groups evaluated both the design outline from the design 

dialogue and the pre-studies. The aim with the risk and consequence analysis was to identify 

potential deficiencies and to further investigate these. This was also an opportunity for the users 

to leave feedback and to come up with new needs and requirements. Overall, the analysis served 

as a tool to quality check the work made so far. 

  

The tender enquiry documents consist of two documents. The first document is a functional 

programme that includes dimensions of the room, climate, supplies, requirements for internal 

spaces, safety requirements and some equipment. The second document of from CHK is a 

building description. It provides AMA-codes, which gives some extra requirements for the 

project. Most requirements in the tender enquiry documents were stated in terms of functions of 

the new building. The level of detail on requirements varied, where some of the requirements 

were stated in general, such as the need for a certain amount of operating theatres of a certain 

size. Other requirements were more detailed, such as the need for a clean environment. A few 

requirements were thus not appeared to primarily focus on the functionality. These were defined 

very specifically with added technical solutions. For example, the requirement put on the amount 

of daylight was supplemented with requirement that the windows must be fitted with black 

curtains. However, the back curtains correspond to a technical solution due to fulfil the amount 

of daylight needed. This scenario is presented further in section 5.2. Other than these 

requirements from the tender enquiry documents, some requirements were stated to be 

coordinated in a later stage of the process, for example requirements on lightning. The result of 

studying requirements stated in the tender enquiry is clearly that the structure and definitions of 

requirements were inconsistent.  

  

The result of the bidding process was a turnkey agreement in partnering between the county 

council and Skanska. Along with Skanska came the partner providing the database application 

and the work with managing RDS in the database begun. Skanska and the county council hired a 

new architect and a group of consultants to help with the design.  
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“The biggest advantage with the partnering agreement is that consultants, 

contractors and the client work in the same establishment. This gives 

opportunities for shorter decision paths and good opportunities to work 

between planning meetings, which in turn increases efficiency. By working 

with partnering, focus is being put on the right things. Instead of searching 

for errors in the tender enquiry documents, it is about learning the process” 

Client, Construction Manager 

 

The requirements were further specified and entered in the database. At this initial stage, the 

database contained information collected from previously completed projects of similar 

character, for example NKS. The collected information was used as a basis for creating standard 

rooms. Along with this information, requirements formed specifically for the project, produced 

in the design dialogue and tender enquiry documents were added in the database. Information 

and requirements up to this level correspond to a first version of standard rooms, which form the 

basis for the continued work with the programme specifications. The programme specifications 

were developed and another risk and consequence analysis was performed on behalf of the 

client. The result of the analysis was then reviewed by the contractor and the client, to make sure 

that the process could proceed. 

  

At this stage, it was discovered that some of the operating theatres were too small in order to fit 

all medical equipment. The operating theatres needed to increase in size and consequently, the 

size of the whole building was slightly increased. The requirements stated in the tender enquiry 

documents to be coordinated in a later stage were developed and in many cases these were based 

on standards from the county council as well as from other parts of the hospital service. 

However, for some functional requirements, the designers had to visit the current facilities in 

order to find a translation to a functional requirement which was measurable. One example of 

this was regarding the lighting in the sterilization rooms. Employees working in current 

sterilization units knew that the lightning had been upgraded in some rooms and that the rooms 

exceeded the required standard value. Designers visited the unit so that the employees could 

show which rooms had enough light and which areas were underperforming. In this way, the 

designers obtained a measurable value to the requirement. 

  

In time with the completion of the programme specifications, most of the information and 

requirements were defined. At this point, Skanska procured a supplier of equipment who could 

fulfil the requirements. Information provided from the equipment supplier, together with project 

specific information and requirements created up to this point was used to create the principal 

document and to continue the design. Along with this, the rooms and the database were updated 

with the new information from the supplier of equipment, the risk and consequence analysis and 

the users’ opinions. During the work, more standard rooms were created in accordance with 

newly discovered functions. Here, many of the solutions were based on earlier research and 
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standard solutions. For example, the operating theatres were divided into day- and emergency 

surgery as a result of all equipment not having to be constantly available in a day surgery room. 

These rooms were then fitted to the design of the building, making space for columns and outer 

walls, resulting in creation of unique rooms. 

 

At this stage, the database was especially useful to estimate the amount of piping and electrical 

cables needed for the construction. This would otherwise have constituted a huge work effort, 

according to a respondent from the client organization. In one case they were able to predict that 

the cables needed before the ceiling was put in place, which removed the need to make holes in 

the roof and thereby saving time and money. When purchasing the material the total estimation 

was easily gathered from the database. The work with the development of the RDS, described in 

the next paragraph, allowed the client to make more accurate calculations for the cost of the 

project, according to one respondent. 

 

The transformation from standard room into unique room was managed in a controlled manner 

through providing the RDS with a status, indicating in what stage and what state the document 

currently had. For example, an RDS approved in the stage of programme document, the RDS 

was given an numerical status of 1.7. When the RDS was developed to the stage of principal 

documents, the document was numbered to 2.7. Lastly, in the stage of construction documents, 

the RDS was given the number 3.7. The work with the development of the RDS allowed the 

client to make more accurate calculations for the cost of the project. 

  

The documents from the design, the new standard rooms and their updated RDS were reviewed 

by all participants, including the users and contractors, and based on this, construction 

documents were created. In some cases it was difficult for the client to verify the requirements 

since some of these only can be measured after the construction is completed. The client must 

therefore rely on the designers to make sure that the technical solution fulfils the requested 

requirements. It can for example be difficult to verify a requirement of 5 cfu during the design 

stage, since it can only be measured after the construction is completed. Other requirements, 

such as the number of electrical outlets, are easier to verify through documents since the amount 

can be counted in the model and before construction. This was done automatically in this project 

with the help of the database application, which integrated the information from the database 

with the information from the drawings. By doing this, a list showing the amount of electrical 

outlets was provided on the drawing together with the amount of outlets created in the model for 

the unique room. If there, for some reason, was a difference between the information in the 

database and in the model, a note of error was provided. This is illustrated in figure 5.1 below.   
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Figure 5.1. Automated updated list to control that information stated in the database 

matches 1:1 with information in the model.  

 

“The automated checking is one of the biggest advantages of the database 

application. It visualizes the information and makes it easier to identify 

differences in the design and the data”  

Client, Commissioning Manager 

 

5.1.2 New Karolinska Solna 

In 2001, the first pre-study was made by Stockholm county council in order to investigate the 

need and possibility to construct a new hospital. The investigation resulted in a recommendation 

that a university hospital to conduct specialized care and extensive research and education of the 

highest quality was needed. The localization of the hospital was determined due to striving for 

collaboration between the current facilities Karolinska Institutet and Karolinska University 

Hospital, together with a report of certain amount of space required for the new hospital. In 

2004, a further pre-study concluded the total area of square meters and related functions needed. 

Number of beds, areas needed for activities and fundamental principles, such as a general and 

flexible layout to make the building able to cope with frequent and comprehensive changes 

through its life cycle were established. Along with the described pre-studies, other studies and 

research were conducted which formed the source on which the standards of the county council 

was based on. 
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“The important relationship between medical, clinical and basic research 

cannot be achieved just as effectively in existing urban structure in the two 

alternatives ‘Partial new construction’ and ‘gradual renovation of the 

existing hospital’. … As all important aspects such as function, 

environment, economy and time speak for the option ‘New hospital 

building’ the continued reporting focuses on this option.” 

 

Stockholms Läns Landsting (2004) 
 

The pre-studies provided a base for a design contest held by the county council. The architect 

firm White Architects won the contest with their reference hospital proposal, Forum Karolinska, 

in 2006. The pre-studies and the winning reference hospital of the design contest constituted the 

framework to further establish the requirements for the hospital. A design dialogue was initiated 

to gather concerned actors and to develop early requirements together in order to obtain a result 

that all actors were satisfied with. The design dialogue was led by the client and consisted of a 

number of functional working groups developing functional requirements for different types of 

hospital premises. The groups consisted of the client organization and representatives of the 

users, mostly persons with experience working in previous work groups at Huddinge Hospital or 

Karolinska University. The groups were divided into units from the hospital in order to establish 

how the facility will be run in the future. Instead of involving architects directly in the design 

dialogue, help and ideas were taken from Forum Karolinska. Initially in the process, workflows 

were studied and blocks of buildings were put together to form the hospital divisions within the 

reference building. The level of detail in the work increased as the design dialogue proceeded. 

The data base was not involved with the work in the design dialogue, which was expressed to be 

a suitable decision due to the large and complex character of the project;  

 

“It would not have been a good idea to use the database in the design 

dialogue since this early stage is about to develop a new way of working 

and developing a future process. We would have been stuck in too much 

details and the work would have taken too long. However, it would have 

been useful to apply the database at this stage if the project was less 

complex and therefore being able to start working on another level”  

Client, Internal Manager 

 

The result of the design dialogue along with Forum Karolinska and standards from the county 

council made the base for the tender enquiry documents, which were sent out in 2009. As one of 

the bidders, Skanska and the company providing the database application initiated the work with 

managing RDS in connection with the database during the bidding phase. All necessary 

information from the tender enquiry document was manually entered to the database, due to 

being sent out in a locked pdf. 
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When Skanska got the tender enquiry documents, they found that there was not enough space in 

the planned area to fit all facilities and functions. Due to avoid excessive changes in the design 

and therefore save money for the project, they rationalized the departments. This was done by 

retaining the most necessary and vital activities and cut down on the, so called, grey areas. They 

“had to dry against the soft edges”, meaning that they reduced space that was not associated to 

medical activities, for example creating more desk space with less area. When the area was 

adjusted, the contractor investigated if some other principles were unnecessary expensive. Two 

principles having significant impact in the cost were the robustness and the environmental focus 

of the project. However, these were among the most important aspects of the building and could 

therefore not be changed. 

 

“When striving to adjust and save money - the equation is the area” 

Contractor, Clinical Design Manager 

 

The tender enquiry documents consist of five parts. Three of these parts concerns requirements 

of which one related to business, one for techniques and design and the last one related to 

services. Requirements stated at this stage vary in terms of level of detail. Some requirements are 

specified to describe different rooms, all from changing rooms to research labs, in functional 

terms. However, there are several overall and general principles concerning the hospital which 

represents fundamental guidelines for the project. Some of these general requirements are more 

specifically stated in the contract; “NKS shall be designed so that the flow of newly operated 

patients and patients waiting for surgery is separated”, while other are more generalized: “within 

NKS, the research shall be an integrated part of all business units”. These general requirements 

covering the whole project are no less important, however, they are not of focus in this study. 

Another of the tender enquiry documents describes the functions that should be included in 

operating theatres. This includes surgery, anaesthesia, pre-op and post-op and general 

dimensions of room sizes and some general requirements for the operating theatres. These 

general requirement are determined from a very broad perspective and regards to, for example; 

flexibility of the room, requirements on work environment and availability. Another of the tender 

enquiry documents contain RDS, which provide specific requirements connected to the room. 

Some of the requirements in this document are in contrast very specifically defined, such as a 

value for cleanliness, minimum airflow and width of door. There are also some references to 

other documents and a few requirements on equipment. How requirements can vary in definition 

and structure is further presented in section 5.2. 

 

According to the provider of the database, there is potential to insert costs related to the 

equipment in the database. It was however decided not to add information about the costs by the 

contractor since they were comfortable to have cost calculations in a separate document. One of 

the reasons was that the contractor did not consider the database to be safe to use.   
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The bidding process resulted in a PPP agreement where Skanska won the role as the contractor. 

A merger between White Architects and Tengbom was hired as the architect in the project. The 

merger is explained by that White Architects were not allowed to be hired until after the design 

contest. Therefore, until the contract agreement was signed, Tengbom was chosen. The bid and 

the tender enquiry documents appeared to differentiate, which led to discussions and 

compromising between the two partners. The discussion ended in a decision that some of the 

original requirements formed in the tender enquiry documents had to be removed.  

 

“It was mainly requirements regarding the space for the personnel which 

was reduced since the main purpose is to serve the patients” 

Client, Internal Manager 

 

This statement is strengthening when studying the difference between the tender enquiry 

documents and the contract documents. In the contract documents, the dimensioning number of 

persons for changing rooms reduced from 6000 with a possibility to expand with 20%, to 5250 

with a possibility to expand with 15%. Furthermore, the plan to include areas for wellness, such 

as a gym and a sports hall, were removed from the contract documents. One of the reasons for 

differences in the contract documents and the tender enquiry documents was due to the 

politicians taking decision before the design was clear. Another way to keep the budget of the 

contract was to let the county council buy the equipment themselves and exclude it from the 

contract. Up to this point, the more specific requirements regarding the whole building, as being 

a green building and high robustness have not been changed, as mentioned earlier. Functional 

requirements have also remained untouched together with the technical solution, defined in the 

tender enquiry documents. 

 

Since there was some uncertainty in regards to what the hospital was going to be used for in the 

end, a new contract was signed at this point. This contract refers to the “Letter of understanding” 

and was signed when all requirements were decided and represent what will be built and what 

the contractor has to fulfil. However, there were some changes in time with the contract since 

new information was received and the users changed their mind about the work. Changes made 

after the letter of understanding was signed, was under responsibility of the actor who make the 

change.  

 

The requirements were further specified in programme specifications, which used both the 

contract and information from the database as a ground. The standard rooms and the programme 

specifications were reviewed manually by the contractor and the client with the users’ inputs 

during several meetings. The process led to an increase in the number of standard rooms due to 

updated information. 

   

The reviewed and approved information was the ground for the continued work with principal 

documents, design and the further development of the standard rooms. The main focus was to 
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obtain well-designed and approved standard rooms. These were the only rooms to have elevation 

drawings to make sure everything fit. Some requirements in association to rooms provided 

requirements for other parts, such as airflow which will affect the size of the ventilation pipes in 

adjacent rooms. Much of this information is available in the database and the RDS induced from 

the database. If it appears that a standard room need to be adjusted, the architect makes a new 

sketch of an outline solution and its additional requirements are entered in the database. The base 

for the review of the document is to grade the different documents ABCD. In this context, A 

stands for approved document, B means that the document includes a few remarks, C indicate 

several remarks and D means that the documents contain serious errors. All drawings were 

reviewed manually to make sure the requirements from the RDS were taken into account. It was 

expressed by the client in one of the interviews that a more automated process for reviewing 

would save valuable time and effort. The changes in the RDS were logged with date for change 

and sometimes with a reference to support a decision. The final approved standard rooms were 

fitted in the model and adjustments were made for columns and other objects. The room 

transformed into a unique room, which was used further for the construction documents. The 

contractor and the county council have been focusing on keeping the amount of standard rooms 

as low as possible. However, additional rooms were created due to changes that affect the 

function of the room and would need different design and equipment. For example, early in the 

process there were three different types of operating theatres (robot, hybrid and normal) and one 

standard room for each, but depending on if the surgeon was right- or left handed, the design had 

to be adapted and a new room had to be created.  

 

The database also contains different kinds of equipment for the different rooms. The equipment 

is presented as a list of equipment on the RDS and is the part, which has changed the most 

throughout the projects. One example of how the database could be used was presented during 

Skanska Quality week where one consultant had a database with only a few types of pipes as the 

base (Möller, 2014). Normally the individual consultant could create a new pipe to meet the 

requirements but now they could only use specific pipes, approved by a technical designer. This 

allowed the technical designer to add pipes which suited the environmental requirements and the 

individual engineers did not have to test this every time. 

 

5.2 Briefing process in general 

A compilation of the two project’s specific briefing processes is presented in the following 

section. This has been made with focus on a specific room type, an operating theatre. The 

evolvement of requirements in an operating theatre is described from being stated as needs of the 

users into completed construction documents.  

 

A process map showing the activities, stages and actors is created to help follow the presentation, 

found in appendix 6. In the map, a main process is marked with a thick line. The other activities 

gives input to the main process and provide support in the management and transformation of the 
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requirements. It is also worth to note that the process has been simplified to avoid repetition, 

which might occur if the change of a requirement needs to be further updated. The left column 

follows the same definitions as appendix 4 and 5. Activities and information that were not 

considered to have a clear connection to requirement management is not included in the result or 

the map. 

  

In an early stage of the briefing process, the business expressed a need for new surgery facilities. 

At this stage, requirements were stated in general needs of the users, mostly in terms of total 

amount of beds and rooms needed for the unit. By working with a design dialogue, the level of 

detail of the needs increased and was translated into functional requirements. Towards the end of 

the design dialogue, the requirements had developed far enough to create drawing of the 

facilities and a preliminary sketch of the operating theatre. The decisions to create new 

requirements were included in the design dialogue, which were continuously documented in a 

decision log. The log is a word-document containing information about how and when a decision 

is taken and also who is aware of the decision.  

  

“Hypothetically, a requirement could get lost in the process of-, and after 

completion of the design dialogue. However, many participants have been 

involved through the whole process and there is a chance that some 

information may stay with an individual”  

Client, Local Planner 

  

The need of new operating theatres needed to be specified further if new facilities for this room 

are to be constructed. There are several inputs to this process which need to be gathered and put 

together before a contractor can be procured. Basic functional requirement were collected from 

earlier research which were stored as standards or guidelines by authorities such as the county 

council or the national board of health and welfare. For example, a need of cleanliness, specified 

to 5 cfu was expressed. Another example was a spatial demand of a room size of the operating 

theatre, specified to around 60sqm. Early requirements collected in the design dialogue and the 

pre-studies were gathered in the tender enquiry document.  

 

Looking at the tender enquiry documents from the two projects, it is clear that the structure and 

definitions of requirements vary. A list with some of the requirements from the tender enquiry 

documents from CHK and NKS can be seen in table 5.1. It is obvious that the requirements are 

stated differently and lacks of consistency. Taking the requirement put on daylight as an example 

(table 5.1). In NKS, the requirement is widely defined as daylight to be adjustable from different 

locations. No information about the intended function is presented and the way the requirement 

is stated can be interpreted in different ways depending on who the reader is. Adjustable to what 

extent and for what locations, are unanswered questions. In contrast, CHK defines the same 

requirement a lot more in detail as windows should be provided with blackout curtains. In this 

case, the requirement has been implicated with a technical solution, in order to meet a desired 
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function. Here, no information about the intended function is either defined. One of the 

correspondents from the contractor claimed that the structure of the tender enquiry documents 

from NKS was unusual, especially with the provided RDS. The tender enquiry documents 

provided by CHK was much more familiar in structure according to the same source. 

 

“If the tender enquiry documents are more generalized, it can be a large 

difference between bids and accordingly more difficult to evaluate”  

 

Client, Equipment Manager 

Table 5.1. Requirements stated in the tender enquiry documents.  

  NKS CHK 

Area 60 m
2
 55 m

2
 

Door width 2000 mm 2000 mm 

Type of door Manoeuvrable from different 

locations 

Motor driven sliding doors 

Ceiling Fixture for equipment Equipment in ceiling 

Floor Fixture for equipment Plastic, anti-static, resistant to 

cleaning and disinfection 

Walls Fixture for equipment Smooth painted, easy to clean 

Filter - Pre-filter, fine filter and 

HEPA filter 

Cleanliness 50% <5 cfu and 50% cfu 9st <5 cfu and rest <50 cfu 

Lighting Adjustable from different 

locations 

  

Daylight Requirements exist, 

Adjustable from different 

locations 

Windows with black curtains 

in windows 

Ventilation 15l/s, m
2
 Adjustable 

Equipment Several, divided into facility 

(e.g. cupboard and bench) and 

business (e.g. PC and medical 

equipment) 

Two telephones, fixed 

surgical 
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The functional requirements from the tender enquiry documents were gathered and stored in the 

database, where the first standard rooms were created. The standard rooms established in 

database were customized into RDS, which contributed a fundamental part of the contractors 

work to come up with a reasonable bid. By having all information collected in the database, the 

contractor was able to estimate quantities such as an amount of equipment and space required in 

an early stage. With this information as a basis, it was also possible to produce an early forecast 

of the cost for one standard room. This room was then multiplied by the number of needed rooms 

and cost estimation for all operating theatres was reached. In addition to this, the contractor also 

had easy access to information regarding the client’s requirements, due to their access to the 

database. 

 

When comparing the outcomes of the requirements of operating theatres stated in the functional 

description and the contract, only a few changes were identified. This can be explained by 

operating theatres are prioritized rooms of each hospital and the outlined image of the 

requirements was certainly decided from an early stage. The major change in the documents was 

not to completely separate the flow of patients with regards to children and adult, which was 

stated in the function description document. The earlier documents agreed upon in the contract 

formed the basis on which to continue the establishing of the programme specifications. The 

requirements were further developed and the RDS from the database was updated. In CHK, it 

was easy to identify the document created at this stage. Comparing the first RDS with the tender 

enquiry document, there were not many differences. The vast majority of the major requirements 

are the same in both documents. There are some extra information in the RDS, for example 

colour rendering which is not mentioned in the tender enquiry documents. The situation is 

similar in NKS for how the early RDS for the project is compared to the RDS from the tender 

enquiry document. 

 

The requirements set out in the programme specifications were reviewed by employees of the 

business. This was an opportunity for the users to leave feedback and come up with new 

requirements. Any changes of requirements were thereafter sent to the client for confirmation. 

After the client had confirmed the changes, these were entered in the database in order to update 

the standard rooms with the latest information. An example on changes made at this stage was 

the changing of room temperature, value of cleanliness and dimensions on door entries. All 

changes are logged in the database and in most cases, a source for the decision is available. For 

both projects, a history of the RDS can be found on the document, making it possible to trace the 

development. An example of how the changes are documented in a RDS is seen in figure 5.2. 

The changes are separated between two comment fields, which refer to from what stage the 

decision of change is taken. The red comments refer to decisions emanating from the stage of 

working with standard rooms and the blue comments to the stage of working with unique rooms.  
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Figure 5.2. Documentation of changes in an operating theatre.(Excerpt from RDS in CHK) 

  

The approved programme specifications were sent to designers to figure out of how to find a 

technical solution that fulfils the functional requirement. The work with translating the 

requirements to technical solutions was done in a couple of different ways. For some 

requirements, experts managed the translation. In other cases, users came with suggestions 

evaluated by the engineers and designers. For further requirements, suppliers of technical 

equipment’s were offered to present solutions to meet the requirements. The solutions were 

evaluated together with the users and then a decision regarding which of the suppliers to hire was 

made. Also, some room equipment was listed in the programme specifications, which can be 

seen as technical solutions for some functional requirement. This list of equipment along with 

some of the functional requirements in the RDS changes during the course of the project as can 

be seen in appendix 7. These changes are though minor and do not affect the process 

substantially. In both projects, there are not a lot of changes throughout the projects and even the 

equipment is not changed a lot. In the example of NKS, the first version has 70 different items 

and the final version has 90 different items. However, there are a few items which have been 

changed during the process and the difference is therefore a bit more than 20 items. Much of the 

listed equipment is not directly linked to any requirement but are most likely a result of an 

iterative work process where constant feedback from the users have improved the rooms. 

Looking at appendix 7, it is clear that the two tables lack consistency, both in the structure and in 

terms of how the requirements are defined. An example of inconsistency in the specification of 

requirements was encountered in one of the projects. The ceiling in the operating theatres was at 

an initial stage specified to consist of laminar air flow (LAF), in order to keep away bacteria’s 
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and other particles from the room. This can be seen as a technical solution rather than a 

functional requirement. It was later in the process established, in consultation with an expert in 

the subject, that a LAF solution could not guarantee the ceiling to provide the required function 

to eliminate bacteria. The scenario led to a discussion which concluded that the requirement on 

the ceiling should not have been defined as a LAF solution, but a cleanliness of 5 cfu. This 

resulted in that other technical solutions were discussed; however, the LAF solution was still 

used in the end. 

  

The decided technical solutions for the requirements were applied in the standard rooms and 

were sent for review by the business. After evaluation and approval of changes, the information 

was sent further to the client for a last evaluation. After the client had approved the solutions, the 

room was fitted into the rest of the building and the area was changed depending on the needed 

adjustments. In the case of CHK, a final review was conducted due to one of the operating 

theatres is completed before the rest. This is made in regards to make an opportunity for the users 

to physically experience and perhaps come with suggestions on adjustments for the rest of the 

operating theatres. This final fitting correspond the final change and drawings for construction 

are made. When the construction of the building is completed, the functional requirements are 

controlled to make sure that the users’ needs are met and that the contract is fulfilled. 

  

Worth to note is that the created process maps in appendix 4, 5 and 6 illustrate the design process 

as somewhat linear. In reality, the process is more retrograde with constant jumping back and 

forth between the different activities and documents. The maps are structured to simplify the 

process and provide an understanding of the relations between activities. A more realistic 

illustration of the design process is shown in figure 5.3 below. 

 

“The biggest challenge with pursuing a retrograde process is to convince 

the workers to take a few steps backwards and not only focus on future 

progress”.  

 

Client, Clinical Design Manager 

 
 

 

 

 

 

 

 

 

 

Figure 5.3. A retrograde design process.  
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 6. Analysis 
This chapter provides an analysis of the results in relation to the theoretical framework. It covers 

how the requirements are build up in regards to standardized terms, data and processes. 

Furthermore, how these are documented and communicated within the projects. This includes 

controlling and verifying requirements and how the approach is affecting the traceability. The 

connection between requirements and computer tools is also analysed in relation to how the 

process supports the levels of visualization, integration and automation.  

 

The findings show that the briefing process follows the structure of the axiomatic design theory, 

introduced in 3.1.2. At the start of the process, the requirement management is kept general and 

is subsequently continuously broken down more and more in detail. Hence, it is considered 

appropriate to structure the chapter after the identified domains, containing analysis of included 

activities and transformations. Each domain, described in section 6.1-6.4 and figure 6.2-6.3 and 

6.5, is analysed in regards to the process map showing the general briefing process (appendix 6). 

Figure 6.2-6.3 and 6.5 contain different colours. Red means that improvement is needed and that 

the activity is not model-based, or that the activity does not exist in the current situation. Yellow 

means that the activity is model-based but further improvements have been identified. Green 

refers to model-based activities without any concrete improvements found. Some deliveries are 

left black in the figures meaning that these are important deliveries and considered not to be 

model-based with no improvement identified.  

To simplify the reading, each domain (6.1-6.4) is supported with sub headings. The headings 

concern a specific activity or delivery and are marked with an individual letter. This letter is 

marked by the current activity or delivery in the section’s associated figure (6.2-6.3). This serves 

to facilitate navigation of where in the process a problem is scheduled. Figure 6.2-6.3 and 6.5 is 

illustrated as a whole map in appendix 8. 

 

6.1 Customer Attributes 

The starting point of the two projects varies in terms of different levels of detail in the work. In 

the case of NKS, the pre-studies left several question marks for the following process due to the 

large complexity and size of the project. The project was estimated to have a long construction 

process and assumptions that decisions would be changed and new technique be developed 

during the process, were taken into account. There were also some uncertainties regarding the 

purpose of the hospital and therefore the goals of the project were not completed. The choice not 

to determine all aspects in this early stage can therefore be explained by an effort to start with a 

general lay-out and in that way leave room for changes to come. When working in a broad 

perspective, changes will not cause as much effort and money as if all aspects were decided. For 

the smaller and less complex project, the early stages started off in more detail since the purpose 

of the hospital was much clearer. At what level of detail a project should start depends on the 

characteristics of the project, but should follow the principle as described above or in 3.1.2. As 
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shown in figure 6.1, the ability to impact costs and performance is larger in the early stages of a 

project; meanwhile costs of changes in design increase as the project proceed. Therefore, in order 

to save money and effort in a project, it is cost effective to create a solid foundation in the early 

stages and to start working from a level of detail that is suitable for the specific project. This 

concludes the emphasis of the importance of project planning in an early stage.  

 

 

Figure 6.1. Illustration of the principle relation between cost, effort and time. Source: 

(Paulson, B. C. Jr. 1976). 

 

Before the architects and designers were involved in the projects, technical characteristics were 

decided. For example, the client decided that Revit was to be used as the design tool for all 

architects. As described in the theory (3.2.1), technical characteristics of the software that can 

affect the communication and needs to be specified in order to ensure that the information is 

exchanged efficiently and continuously with no waste or interruptions. This was a bit of a 

challenge for one of the designer teams who had not worked with the program before. It was 

though expressed that the decision of an agreed design program has been beneficial to the project 

(Ohlen, 2014) 

 

A - Work groups establishing early requirements 

As described in chapter 3.2.1, it is vital to involve the users in an early stage when planning a 

hospital building. The clients’ common approach was to put emphasis on listening to the users’ 

needs in order to ensure that all demands were taken into account. By creating a solid foundation 

of requirements in an early stage, the possibility to minimize the number of mistakes and 
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adjustments of requirements later in the process increased. As described above, a good base of 

information brings opportunities to save time and money for the project (figure 6.1). To create a 

solid base, both projects have performed a design dialogue. Decisions regarding requirements in 

the dialogue were compiled and documented in a word-file to be updated with time. To keep a 

word-document alive depends, according to chapter 3.2.2, much on the responsibility of the 

participants. One might think that a decision is obvious and sometimes appear as too small of a 

change to be written down. The risk that follows if one chooses to leave such a decision out of 

the documentation is most likely gaps in the documentation in a later stage. This can be seen as 

an analogy with Kiviniemi (2005) description of how many small deviations can affect the end 

result (3.2.2). Losing requirements due to information staying with an individual was also 

expressed as a risk by one of the respondents (5.2). The main purpose of the log was to capture 

the final decisions, but in some cases it is interesting to find information about the background 

information leading up a decision. This information may by experience stay on drawings or in 

the memory of patricians and it can be difficult to trace, which also lead to information loss 

(3.2.2). However, in the case of the design dialogue, it takes a lot for a vital requirement to get 

lost on the way, according to the local planner (5.2). It is, as stated in chapter 3.3.1 important to 

have a demarcation of what information is needed and what information is excessive. It is all 

about the matter of having the right information available for the right persons at the right time.  

 

One interesting difference between the two design dialogues is that for CHK, the design dialogue 

took place at the same time as the design of the building while in NKS, the design of the building 

took place before the design dialogue. The approach from CHK creates more involvement 

amongst the users and they are not restricted by the earlier design from the architects instead they 

are able to actively contribute in the design as described in chapter 3.2.1.  

  

The architect was appointed to have the responsible for the coordination for the actors involved 

in the design dialogue in CHK. In NKS this responsibility was addressed to the client. To 

designate this responsibility to one person is, as mentioned in chapter 3.2.1, fundamental for the 

coordination of information to work well. Between the workshops, the architect collected the 

work and compiled it into a proposal for the following workshop, which was presented to the 

other participants through 2D drawings. Given that there are a variety of actors with different 

backgrounds involved in the design dialogue, it is especially important to have defined methods 

and routines of communication (3.2.1). As described in the theory, it is important to ensure that 

all participants can manage and understand the tools, for working as for presentation. In the case 

of the design dialogue, the authors see a risk with communication difficulties when the architect 

presents the work in 2D drawings. A doctor representing the users may not necessarily have the 

same technical background as the architect and has therefore not the same ability to understand 

drawings in the context of spaces, different types of marks and signs on the drawings. In one of 

the projects, the presented material is printed out in 2D from the 3D program Revit. Here, the 

authors see a possibility to instead of presenting paper drawings, make the presentation of the 
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work in 3D-models. This can be seen as an increased level of maturity when implementing 

information, described in 3.3.2. Presenting the material in 3D could better illustrate the space of 

a building, which is currently perceived as a critical assignment. To get down to a level where 

equipment can be displayed in rooms, one has to be sure that there is enough space. Looking at 

2D drawings, it is more difficult to estimate the space of a room. As the theory refers (3.3.2), 

visualization is an effective approach for participants to accurately explain themselves and to 

analyse their work and work of other partners. Visualization helped to create a common 

understanding of the future process in a way that the different actors could contribute with their 

knowledge and communicate ideas easier. 

 

The design dialogue is also perceived as a tool to assure the quality of the requirements, as they 

develop with time. In association with that, the leading architect present the work done in the 

previous workshop, an opportunity for the participants to give feedback was given. In this way 

the proposal was evaluated and coordinated by the users, the client and the architect up to five 

times before the final proposal was conducted. Deficiencies were investigated further or 

eliminated and new potential influences were discussed. This is one way to perform the quality 

controls described in chapter 3.2.5 which will ensure and assess reliability and provide an 

opportunity to trace information in a process. This information was continuously documented 

between the workshops in a similar way as the decision-making described above. 

 

B - Implementation of the database 

The respondents of the interviews at CHK expressed that it would be useful to start working with 

the database earlier than it is implemented today, as described in chapter 5.1.1. With information 

collected from earlier, similar projects and by using previously created standard rooms as a 

guideline could be helpful to make early cost estimations. This was mentioned to be a priority 

improvement action for future projects. However, the respondents at NKS were a bit more 

doubtful of the usefulness in an earlier stage since it might put too much focus on details in a 

stage where the big picture is more important (5.1.2). The authors believe that an earlier 

introduction of the database mainly depends on the characteristics of the project. Large and 

complex construction projects may not have a great need of an earlier integration of the database 

since focus in this stage is seen from a wider perspective and it is not relevant to look at room 

detail level or equipment information. This can be related to the earlier arguments about whether 

or not the goal of the project is clear. For NKS, the information was not down to the level of 

planning rooms. Therefore, it would not be profitable to implement the database at this stage. If 

the project was smaller and less complex, work could begin on another level and a database 

would contribute great help.  
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Figure 6.2. Analysis of customer attributes. 
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6.2 Functional Requirements 

An overall problem with the transformation from customer attributes into functional 

requirements concern those requirements that are only saved as knowledge for a person, which 

was the case of the lighting, described in the result (5.1.2). This information is easy to lose and 

should be documented in a way that it can easily be traced as suggested by Kivineimi (2005) in 

chapter 3.2.3. This kind of requirements could be easier to find if these were entered in a model 

or document used for facility management. 

 

C - Standards stored in the database 

Both projects are perceived to have started with well-developed databases and RDS due to there 

being almost no change of the functional requirements in the studied RDS presented in appendix 

7. This suggests that the source of the functional requirements is well developed even before the 

start of NKS. Both project have similar requirements with similar values and it is also interesting 

to note that both projects changed requirements at the same time, as is the case of the free width 

of the door (appendix 7). This suggests in turn that the database is updated when the standards 

changes. Most of the functional requirements are based on standards from the authority and are 

therefore the same. The fact that much of the transformation already exists in these standards 

makes many of the requirements fixed and they do not change throughout the projects. This 

makes the use of a database to store this information very helpful. A possibility would be to have 

the standards stored in the database as cooperation between the different county councils, which 

could spread the knowledge of an improvement to all county councils and not just to one. This 

would also make the different county councils able to use the solutions of other projects in an 

efficient way by taking the best rooms from the different projects. 

 

D - Adding requirements from tender enquiry documents to the database 

The tender enquiry documents were sent out to the contractors in a locked pdf format. One 

respondent complained about having to manually add requirements from the tender enquiry 

documents into the database since there was no way to make it automatically. The procedure of 

entering the information manually was considered to be time consuming and the authors see a 

risk that information can be lost in the transformation (3.3.2). The reason to send out the 

information as pdf documents is explained by that the bidding process should not be beneficial to 

any contractor for it to be legal right. The starting conditions should be equal for all contractors 

interested to attend the bidding process and therefore, the decision of file format was decided to 

pdf, which do not support any design program or database, but is a neutral format. After the 

contract was signed, a number of meetings were held to review and develop the RDS. This was, 

according to the same respondent also a very time consuming process supported by the argument 

that the meetings were performed by pen and paper. This is seen as a document-to-document 

approach which indicates the simplest degree of requirement traceability (3.5). According to 

3.3.1, this way document information causes a risk for information loss. By increasing the level 
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of maturity when implementing information (3.3.2) the authors see an opportunity for efficiency 

as well as better ensure the quality outcome.  

 

E - Transformation from tender enquiry documents to the contract 

As presented in the result, the requirements in the tender enquiry documents were mainly in 

terms of functional requirements. However, the requirements were found to be defined 

differently and some functional requirements had a solution of how to fulfil the requirement 

added. For example, a functional requirement of 5 cfu was supplemented with a requirement of a 

specific type of filter, or in another case, with a required airflow of 15l/s, sq m (appendix 7). 

These two added requirements are perceived as technical solutions to the functional requirement 

and are not necessary to include unless there is a special reason for having a specific solution. 

Otherwise the contractor will be forced to choose a certain solution and cannot improve and use 

new solutions as easy. This approach will also put more risk on the client, who ordered the 

specific solution, instead of the contractor. One reason for adding specific solutions to the 

requirements is to better be able to compare the different bids provided by the contractors.  

 

F - Use of database in the bidding process 

The findings support the conclusion that the bidding process was facilitated by using the 

database. By customizing the requirements stated in the tender enquiry documents into RDS, the 

contractor was able to make an early estimation of, for example, the amount of equipment in a 

room. This can be compared with the second level of maturity level (3.3.2) in which projects 

establishes computer-based methods to communicate data between different models. This was a 

common approach for both the projects but when proceeding from this stage, the use of the 

database differentiated. One of the projects utilized the database application of adding 

preliminary costs of equipment. For every equipment added in the RDS, a preliminary cost of the 

equipment was chosen for the product. A suggested cost could be retrieved from the database, in 

which was based on experience from previous projects. In this way, it was possible to get an 

early cost estimation of the product which decision makers could take into account. Utilizing the 

integration between the database and cost estimation resulted in the contractor saved time and 

money for the project (3.3.2). This method was mostly used in work regarding electrical and 

piping due to it is easy to count the number of required products from the tender enquiry 

document (5.1.1). Time was saved for the installation managers due to an early prediction of 

amount of cables, which accordingly could be installed before the ceiling came up. This did not 

only save time for the installation managers, but also saved time for coming workers and 

processes. The authors believe that a stronger integration between the database and cost 

estimation (and time scheduling) be a further improvement of the database. Thus, it does not 

seem to be the technical aspects preventing the development, but organizational aspects. The 

project that did not utilize the cost application reasoned that they already had their own defined 

routines and methods for cost estimations and was not in need of a new way to calculate costs, 



47 
 

which is perceived to not being ready to make such a change (5.1.2). According to 3.3.2, the 

project organization must normally do an extensive change in their processes to make 

improvements. 

 

G - Utilization of the earlier solutions and structure of the database 

Standard rooms can be used as a tool for transformation from customer attributes to functional 

requirements if these are updated with the latest standards. This was the case for both projects as 

they have well developed RDS in an early stage as can be seen in appendix 7. CHK even used 

standard rooms created by NKS, however, it is difficult to tell to what extent CHK was able to 

use information from NKS and avoid mistakes made there. There are, of course, advantages and 

the process should be faster but there were still mistakes made at CHK, for example wanting a 

LAF solution in the ceiling instead of just a set amount of cfu (5.2). This use of earlier standard 

rooms can be perceived as a process which increases the effectiveness and efficiency in the 

work. This is done by further speeding up the process with easily accessible and updated 

information. It would increase the maturity level of the implementation of information described 

in 3.3.2 since parts of the transformation could be made more automatic. For example, when 

creating a theatre room, a first draft of the room is easily retrieved from the database with 

associated functional requirements included. It is thus important to keep in mind that the human 

factor fades with higher level of automation and that it is important to make organizational 

changes when improving the process through automation (3.3.2).  

 

As mentioned earlier the requirements in the RDS do not change much over the time of the 

projects due to the well-developed early requirements. However, it is interesting to note that 

CHK have a slightly more developed RDS with more details suggesting that the work with the 

RDS and the database have been improved. This is further suggested in the review process, 

analysed in part 6.3.  

 

The database has been utilized as a source for information in regards to functional requirements 

and can be applied in Revit for visualization of certain requirements, described in 4.2. This is 

reminiscent of the division into a geometry model and an information model given by Sinclair, D 

in 3.2.3. This gives opportunity to use the interesting information from the database while the 

rest is hidden making it easier to comprehend and control.  

 

H - Review of the requirements 

One reason why RDS only contain a small amount of information in comparison with all 

information in the database is to limit the amount of information for the various participants. As 

mentioned in the theory (3.2.1), the availability of the information should be regulated. It is 

perceived to be rather an issue of providing the right information to the right person in right time. 

Therefore, the RDS is customized to only include the information needed when looking at a 
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specific room. If any further information is needed, this can be found in the database or other 

documents referenced. On the other hand, by adding all requirements associated with a building 

to the database, it could serve as a tool for verification and all actors could collect the interesting 

requirements. The authors suggest adding an application to give the actor an authorization to 

select information directly from the database and create their own RDS, without excessive 

information. It could also be possible to make the information available in some other way, for 

example integrated as views in a model or to just retrieve the value automatically from the 

database. This would make the RDS and the database to an even more useful tool for the clients 

as well as other actors. 

 

When reviewing the project specific RDS, the authors noted some requirements that were left 

out, which are perceived important to include. One example would be requirements regarding 

fire protection which has a direct connection to rooms regarding extinguishers and fire protected 

material. Fire protection equipment may be motivated to be left out of the studied RDS since 

these are often placed in corridors and open areas. Requirements in regards to fire protection, 

such as a wall to fulfil REI60, are usually put on the building parts. Building parts are thus not 

included in the database, but the authors see a potential to add this to the database, or create a 

new with only building parts in the future. This could create a better connection between the 

functional requirements to the building itself. If a standardized classification would to be used, 

common terms would reduce misunderstanding and increase the efficiency of the work, 

according to 3.3.1. For example, the BSAB-structure could be applied to the functional 

requirements as well as the building parts. Requirements could be put on the building in the 

database that can then be broken down to detailed requirements of specific rooms. Alternatively, 

requirements of a room could be customized to meet the requirements put on the building. In any 

case, the interviews support the conclusion that implementing information to a database has 

made it easier to keep track of information compared to not using any computer tool. According 

to 3.2.4, this increases the requirement traceability. Connecting information to a database makes 

the information more structured and allow related documents or further information about 

requirements to be referenced or linked, described in 3.2.1.  
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Figure 6.3. Analysis of functional requirements. 
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6.3 Design Parameters 

I - Transforming functional requirements to design parameters 

The transformation from functional requirement to design parameters was done with help from 

consultants calculating and designing the construction. In chapter 3.1.2, Jansson (2010) suggests 

applying the help of a database to provide type-solutions from earlier projects in the 

transformation from functional requirement to design parameters. This was primarily applied in 

CHK, where standard rooms were taken from NKS as being a similar project with an earlier 

start. This should result in a less time- and effort consuming transformation process for CHK, 

according to 3.3.2, since it facilitates a routine task in the process. This is confirmed to some 

extend in appendix 7, in which the amount of changes in the RDS for CHK was lower compared 

to NKS. The list of equipment is perceived to be better for CHK implying that it is in this 

transformation CHK has gain the most from enlisting type-solutions from NKS to CHK. 

However, the number from the list does not take into account items which has been removed or 

changed throughout the projects. This makes the exact amount of changes inaccurate but the 

difference in equipment added is still relevant. The drawn conclusion is that using standard 

rooms earlier saves time and therefore also money. It can also be argued that the changes in 

equipment are a result of different suppliers and therefore will vary naturally in different 

projects.  

 

By taking advantage of earlier experiences, in this case of standard rooms from previous 

projects, the process takes advantages of experience feedback. By using solutions from previous 

projects, time and performance can be saved in a project (3.1.2). According to the clinical design 

manager, experiences should also be taken advantage of within a project and in order to make 

progress, one must look backwards and learn from earlier experiences (5.1.2). Taking the design 

process as an example, the sequence of activities cannot be disaggregated individually and start 

when the previous activity end. Instead, the respondent prefers to describe the design process as 

retrograde. Figure 5.1 in chapter 5.1.2 illustrate this way of looking at the process. Again, it is 

not the technique that restricts the process; it is mostly a matter of making changes in the 

organization.  

 

J - Updating of the database 

As the design process proceeds, the database and the RDS were updated and approved 

continuously. The projects used different methods to manage versions, but a similarity was that 

the database developed from storing a few standard rooms to having a large number of unique 

rooms as the process precede. One major difference between the projects was that CHK was 

perceived to have a clearer indication of different versions of RDS by utilizing numerical status 

throughout the project. A frequent and clear version management facilitated the ability to trace 

requirements, since the different versions were classified by status. As described in 3.3.1, a 
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classification system and common terms help avoiding misunderstandings caused by diverse 

naming of objects. Accordingly, minimized numbers of misunderstandings provide more 

efficiency and better quality of the work. The version management was evidently done quite 

often in the project. According to the building manager at CHK, it resulted in an opportunity to 

provide cost estimates more accurate and up to date, compared with not updating the versions as 

often (5.1.1). This implies that the RDS are more reliable than if these would not be updated on a 

regular basis, in accordance with the theory in 3.2.2. The traceability of requirements can be seen 

from two perspectives based on the description of traceability in chapter 3.2.4. It can be 

perceived as an object-to-object approach since the database allows quantitative tracking of 

changes between versions. If the RDS is printed out from the database, the tracking can also be 

perceived as document-to-object. This due to the information is document-based and can be 

traced with help of a model. How to look at the traceability is mainly governed by what purpose 

the tracking is made and who the tracer is.  

 

K - All requirements not in database 

All functional requirements could not be automatically controlled. For example; requirements on 

airflow were expressed in different units (l/person, q m/sq. m or l/sq. m) for different rooms, 

making the program unable to check requirements automatically as described in chapter 3.3.2. In 

the studied projects, the units were inconsistently expressed, which resulted in that controllers 

had to convert the specified unit into the unit that was appointed as the standard. As mentioned in 

3.2.1, it is vital to have an agreement on how information is going to be coordinated between 

different actors and to have common definitions of terms. In this case, it is obvious that no such 

agreement was made for a standardized unit. By introducing a standard unit, the risk for 

misunderstandings as well as consumed time and effort could be minimized (3.3.1). 

Consequently, if a unit was agreed upon among the participants and the data structure 

standardized, automatic controls could be implemented. As referred in 3.3.2, automated process 

could improve the efficiency and effectiveness in the work. This is not only applicant to 

requirements of airflow, but for other information with a lack of standardization. 

 

L - Verifying Requirements 

Integration between a database and a model, as described in 3.3.2, has been utilized in both 

projects. This integration function was used to verify that the requirements listed in the database 

for a certain room was consistent with the design parameters in the model. One example 

concerns the amount of electrical outlets in a room. With integration, it was possible to look at 

the number of required outlets listed in the database and then control this number with the 

number of drawn outlets in the drawings (5.1.1). This is also perceived as a quality control due to 

an opportunity to control that the defined requirement agreed with the model 1:1. If any 

discrepancies were discovered during the control, corrections were made by adding or deleting 

outlets unit the numbers match. This quality control was done differently in the projects, 
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manually at NKS and automatically at CHK. Automatically, a list with two columns comparing 

the requirements from the database respectively the actual number drawn in the model was 

provided in the model. This made it easy for the controller to identify errors since the columns 

then would be inconsistent (figure 5.1). Manually, the controller had to look at the number in the 

database and manually count all outlets drawn in the model in order to see if the number was 

equal. This was a lot more time consuming for the controller and the internal manager at NKS 

mentioned that an automation of the process would facilitate the quality control and save time 

and effort (5.1.2). The respondent’s claim is supported by the theory in 3.3.2, meaning that 

automated processes can increase the effectiveness and efficiency in the design work 

dramatically. However, as mentioned earlier in the analysis, it is important to keep in mind that 

the human factor can be a significant key for ensuring quality, and the higher degree of 

automation; the lower human integration. 
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Figure 6.5. Analysis of design parameters and production variables. 
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6.4 Production Variables 

To keep the scope of the study, production variables is only taken in consideration up to the point 

where construction documents are created. As this only represents a small part of the process, the 

text in the following section is references to the previous figure (6.5) 

 

M -Using the database for procurement 

Since a list of equipment is available early in the project it is possible to begin the procurement 

of the material at an early stage. However, since there are changes in the list of equipment 

throughout the project this needs to be accounted in the procurement. Otherwise, the projects 

might be stuck with equipment, which put restrictions on higher level requirements as mentioned 

in the theory of axiomatic design (3.1.2). It is also possible that changes in the goal, described by 

Kiviniemi (2005) in chapter 3.2.2, results in the design misses the goal due to the procured 

equipment is not a solution to the changed requirements. Some of the functional requirements 

were transformed by the suppliers of the equipment directly to production variables (5.1.1 and 

5.2). This makes the communication between the supplier and the database important and the 

information added to the database must be right. If the procurement is based on the list of 

equipment from the RDS, it can be checked by the same list to ensure the quality (3.2.5). In the 

projects, the list of material was used to compare available equipment from the old hospitals with 

the total required equipment needed in the new hospitals. It also makes it easier to buy huge 

volumes of equipment at the same time potentially saving money. If there was a database of the 

current equipment, the comparison could be an automated process, as described in chapter 3.3.2. 

All of the earlier mentioned uses of the list of equipment need to have a well written list with a 

standardized structure for best use (3.2.1). Without this the automated processes will not work 

and the procurement might result in the wrong equipment. While the database today mainly 

focuses on equipment, a further development or the creation of a new database containing 

building parts would be interesting and useful in coming projects. This was partly done by the 

engineers doing the piping, as described in part 5.1.2 and works as a quality assurance (3.2.5). 

The possibility of a database with building parts has however not been studied further but is a 

recommendation for further studies.  
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7. Conclusions 
The final chapter present the conclusions from the procedure of the thesis. Answers to the 

research questions are presented and recommendations for further research are given. Lastly, a 

brief discussion of the methodological choices is presented in terms of validity and reliability of 

the study.  

 

Appendix 8 can be used as a guide to follow the conclusions, where the general briefing process 

is mapped and the included activities are coloured to demonstrate the of level of model-

orientation. Red means that improvement is needed and that the activity is not model-based, or 

that the activity does not exist in the current situation. Yellow means that the activity is model-

based but need further improvement. Green refers to model-based activities without any concrete 

improvements found.   

 

7.1 Answers to the research questions 

The purpose of the study was to examine how a model-based approach can help optimize the 

briefing process. In order to achieve the purpose, following questions were answered; 

 

1. What activities are included in the briefing process? 

The briefing process begins with pre-studies carried out on behalf of the client. The pre-

studies provide a basis of the need for construction and provide a forecast of future 

trends. The users provide information about their business and defines their need for a 

new building. A work group with members from the business, the client organization and 

the architect collect the established information and develop early requirements in order 

to obtain an end result that satisfy all members. These early requirements include 

decisions about space needed for the business and the intended function of the building 

and are gathered. Based on the conclusions from the pre-studies, the early requirements 

and additional requirements set by the client, a decision is taken whether to pursue or not. 

The information gathered up to this stage is turned into a tender enquiry document, which 

is sent out to contractors. In the following tendering process, contractors collect the 

requirements stated in the tender enquiry document and utilize a database to specify 

requirements for the building. The database facilitates the work for the contractor to 

establish lists of quantities, time schedules, and costs for the purchase of materials and 

services. The contractors then leave an estimated bid and the client sign with the best 

suited contractor and optionally sub-contractors. Requirements established at this stage 

are developed further by the client in a programme specification. The result from the 

programme specification is reviewed and confirmed by the users and is further handed 

over to the designers and any sub-contractors to initiate the design process. During the 

design process, the database is continuously updated with new information and the 

requirements on the building increases in level of detail. In the final stage of the design 
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process, requirements for every room in the building are determined and technical 

solutions to the requirements are developed. Information is then provided to the users, the 

contractor (including optional sub-contractors) and, lastly, the client for evaluation and 

approval of the result. Construction documents are then established, which is the starting 

point to begin the construction of the new building.  

 

2. To what extent is the briefing process model-based? 

The findings from the empirical studies shows that the database is implemented in both 

the pre-study phase and design phase and that the model-based approach less or more 

characterize the whole briefing process. However, at the initial stage when pre-studies are 

made and requirements are gathered, no activities are model-based. The database 

officially comes in with the procured contractor. The database implementation enables 

better utilization of former experiences, which makes it possible to take advantage of 

previous solutions and thus not reinvent the wheel over again. The integration of the 

database improves the communication and cooperation between the project members 

since all have easy access to the latest updated information. It facilitates planning at an 

early stage with opportunities to establish preliminary quantities, schedules and cost 

calculations. In turn, this leads to that decisions can be taken earlier in the process, saving 

time in the project. During the design process, the model-based activities take an iterative 

approach. At this stage, activities are model-based in the extent that RDS are developed 

through a link to the database. Here, some activities are characterized as automatic 

processes, which increase the efficiency and effectiveness in the design work. The model-

based activities in the design process also provide an opportunity to integrate the RDS 

with other computer tools, such as scheduling and cost estimation. The database enables 

an automated review process to some degree, which has been used in one project. Lastly, 

the completed solutions are stored in the database and can thus be used as previous 

experience for a coming hospital project. This is analysed in chapter 6.1-6.4. 

 

3. What are the main deficiencies in the briefing process? 

The findings of the empirical study showed that the main deficiencies occur in the early 

stage of the briefing process. As referred to in the theory, it is though important to put 

large effort on requirement management in the early stage of a construction process, in 

order to achieve an end result that all members are satisfied with. The two main problems 

identified in the study are; 

 

 Inadequate documentation 

Documentation of information has been found to be deficient in various respects. In the 

worst case encountered, documentation of requirements was only saved in the memory of 

project members. Inadequate documentation was also encountered as a result of lack of 

standardized requirement definitions. Some requirements were states in terms of 
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functionality while other were defined as technical solutions, at the same stage. This 

makes is difficult to compare the requirements and further manage and establish a 

solution that matches the intended function. Poor documentation is a consequence of lack 

in agreed routines and methods of working, which lead to an impaired requirement 

traceability. To avoid misunderstandings, it is important to have a clear demarcation on 

what information should be included in the documents and how the information should 

be specified. (6.1-6.4)  

 

 Insufficient level of model-orientation 

The briefing process appeared to have deficiencies in the current model-based approach 

with regards to visualization, integration and automation.  

 

o The theory states that visualization is considered as an effective approach for 

stakeholders to accurately explain themselves as to analyse their work and work 

of other partners. The empirical findings thus show that visualization between the 

project members is partly inadequate, which leads to risks of poor communication 

and misunderstandings among the participants. (6.1) 

o In the database, there are opportunities to insert costs related to the data, which 

could generate more accurate predictions and planning in the project. One of the 

projects did not utilize the integration with the justification that the contractor was 

comfortable with their own routines to establish the costs. It is clear that it is not 

enough that the database develops, but changes in the organization must be made 

in accordance. (6.2-F) 

o Performing tasks manually restricted the use of former experiences and required 

an excessive effort by the project members to execute. Manual work processes 

does not only cause lots of work effort, it is also time consuming that in turn 

reflects the cost of the project. (6.2-6.4) 

 

7.2 Recommendations  

Based on the conclusions, the following recommendations are given to further improve the 

briefing process. 

 

1. Increase the level of model-based approach 

A higher level of model-orientation is suggested in regards to visualization, 

integration and automation in following aspects; 

o Increase the level of visualization when early requirements are established. 

Currently, these requirements are established in work groups consisting of 

representatives of the users, client and architect. Within the group, the 

requirements are presented by the architect in 2D drawings. Since all 

representatives do not have the same technical background and ability to 
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understand drawings, this leads to a risk of lack of communication. A 

recommendation to demonstrate the design in 3D is therefore given in order to 

ensure understanding and improve the early design. (6.1-A) 

o The authors see a great opportunity to enhance the integration between the 

database, cost estimation and also time scheduling. Instead of adapting and using 

the database as a complement tool in the construction process, a better integration 

would enable the database to become a more natural part of the work. This due to 

the database would serve as the main source for planning data, costs and time for 

the project. (6.2-F) 

o Increase the level of automation in the process. By abandoning the current 

activities managed in a document-to-document approach into more object-

controlled processes would generate a number of advantages both for specific 

tasks, but also for the project as a whole and the development of future projects. 

One respondent expressed (5.1.2) that by introducing a more automated approach, 

advantages of former experiences can easier be utilized as well as save crucial 

effort, time and costs for the project members, as well as for the projects as a 

whole. (6.2-6.4) 

 

2. Use the database as a tool for experience feedback for the client 

In the studied projects the database enters the project together with the contractor. If it 

instead was implemented by the client, opportunities to store standards from the 

authorities could be applied. Standards are regulating construction projects and 

providing many of the functional requirements. If these were added to the database, 

the changes in regulations could be applied automatically. The authors believe that 

this could be done as cooperation between county councils. Since the database 

primarily consists of medical equipment, it would also be ideal as a tool to exchange 

experiences between the different counties and thereby increase the level of 

automation (6.2-C). For other requirements the database could store some of the 

changes of requirements, which occurs throughout the life-cycle of a project. In many 

cases the daily work of the users generates new requirements for the building. An 

example of this was given in 5.1.2. This type of changes could be saved in the 

solution suggested for an easier implementation in when a new facility is constructed. 

Another use with having the database with the client all the time is the possibility to 

implement the database at a much earlier stage. By implementing the database earlier 

in the process, experience from previous projects could be applied to a greater extent. 

When establishing early requirements, solutions could be taken from previous 

projects, and thereby increase the level of automation. This would also give an 

opportunity to improve integration between the database and other computer tools, 

such as tools for cost estimation and scheduling, in an earlier stage. This would 

provide a more reliable information exchange, making the process more efficient. A 
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better integration also provides an opportunity for decisions to be made earlier in the 

process and save time for the project. (6.1-B) 

 

3. Structure the database according to BSAB to include requirements on building 

 parts 

The database primarily consists of medical equipment and is of great use in the 

projects. To further improve the database, the authors believe that a better connection 

between functional requirements and the building itself could be achieved by 

including building parts in the database, 6.3 (H). Tentatively, this could be done by 

implementing the BSAB-structure. This would provide a reliable structure and 

introduce more necessary information in the database. However, this is not something 

that has been the focus of this study and would require further research and testing. In 

the studied projects, many of the functional requirements were standardized, 

however, there were exceptions. In part 6.2 (K), the same requirement was defined in 

different units, causing misunderstanding and inefficiencies. Standardized units for 

requirements would provide the possibility to automate more of the reviewing 

process. Standardization in regards to terms is suggested to clarify what level 

requirements should be defined. 

 

7.2.1 Suggestions on further research 

Focus of the study has primarily been on the client’s perspective of the briefing process. A 

recommendation is thus given for further studies with more focus on the other actors. Mainly to 

study the designers and the design phase. This could be done by interviewing consultants in 

order to examine how they have used the database more thoroughly than in this study.  

 

One of the above given recommendations was to create a database including building parts. The 

authors believe that this type of database could be useful in further phases of the construction 

process than just the briefing process. This would be an interesting topic to study in order to 

identify further improvements. 

 

Another suggestion for further studies are discussed to some extent in 6.2 - E and 6.2-D relates to 

how requirements are specified in the tender enquiry document. In the projects the requirements 

in the tender documents have been of varying quality and was sent in a locked PDF-file. One 

way to provide more standardization to this process could be to use the standard rooms as a tool 

in this process as well. For example one could specify in the tender enquiry documents to have a 

building with 5 standard rooms of type A and 8 standard rooms of type C. The contractors would 

then compete for the lowest bid for the rooms making it easier to evaluate the different bids. 

However, the authors believe there are many uncertainties, which needs to be studied before a 

recommendation can be given. For example, the implications of the Public Procurement Act and 

the level of detail of the rooms.  
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One suggestion was to use the database as a tool for facility management and the improvements 

related to this implementation are all related to the construction and especially the early phases. 

A further study could see how a database of this type could be used for a more active facility 

management and for usage in this phase and not just the early phases 

 

7.3 Credibility of the study 

The degree of credibility in a study’s result can be expressed in validity and reliability (Befring, 

1994). Reliability refers to the extent of which the collected data provide consistent results (ibid). 

For example, if a study is repeated with the same measuring instrument and under the same 

conditions, reliability refers to the likeliness that the same result will be obtained over and over 

again (Engström, 2014). Validity of a study concerns how well the preferred measure present 

what is measured (Ghauri, Grønhaug, 2005). For example, if an instrument is used to measure a 

specific phenomenon, validity refers to how well the instrument really measures the phenomenon 

(Engström, 2014).  

 

Semi-structured interviews are related to a risk in reliability since the authors are writing what 

they believe the respondents are describing. It is easy to misunderstand the respondents, 

however, the process maps have been sent to the respondents for feedback, which provide 

reliability to the study. To provide further reliability, the information provided by the 

respondents has been compared to different project specific documents. This way, some answers 

can be controlled with another source than only the respondents. The studied documents provide 

further reliability since they are accurate documents and produced during the building process. 

The semi-structured approach have allowed the interviewees to divert off topic, however, this 

has been sorted out in the transcription. To increase the validity a general questionnaire 

(appendix 1) has been used to make sure the most important parts has been covered in the 

interviews. The persons interviewed have been knowledgeable within the project and the 

database. The respondents also represent both sides of the projects, with interviews from both the 

clients as well as the contractor. This makes the answers from the interviews provide more 

validity to the study. The documents also provide validity to the study since RDS provides the 

description of the current functional requirements for the projects and are created from the 

database. This is also true for the tender enquiry documents studied within the projects however 

they are not created from the database. 

 

A multiple study gives, according to Yin (2007) a more credible answer to the research question 

compared to a single study. Independence of two cases contributes to more durable conclusions 

and the results can be generalized in a larger extent (Yin, 2007). 
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7.4 Use of the results 

The studied room is typical for a hospital and could therefore be assumed to be applicable for the 

building in general. The first mentioning of operational theatres is occurring in the pre-studies 

and it is therefore a part of the whole construction process. There are many different 

requirements in the studied room but even though some are primarily used for an operational 

theatre, many of them are valid for other rooms as well. Even though both of the studied projects 

have a different form of contract compared with the general case described by BH90, the main 

process is quite similar. The main difference is the position of the procurement, which takes 

place much earlier in the studied projects. However, the database could have been implemented 

in the project by the designer, or even better, by the client and be separated from the contractor 

as suggested in the recommendations. 

 

Both the studied projects are considered to apply information models at a high level and can be 

seen as inspiration for future projects when it comes to a model-based way of working. The 

study has focused on hospital project and the conclusions are mainly directed to the database 

used in these projects. This is because the database is specialized in medical equipment and is 

less useful in other kinds of projects. However, there are other databases which could be more 

useful for other types of projects and the conclusions from this study can be applied to these 

other databases. 
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Appendix 1 - Question Surface 
 

How was the client’s initial requirements established and how were these mediated through the 

process? 

 

Which actors were working with defining the requirements and develop these? 

 

How involved were the users when the initial requirements were established? 

 

How far in the process of establishing requirements had passed before the contractor was 

integrated into the project? 

 

How early in the process was requirements established in model form? 

 

How is it ensured that all stakeholders have the right competence to use the agreed technology 

tools? 

 

Are there clear demarcations of responsibilities and tasks? 

 

Does any actor bear the responsibility for leading the coordination and review of information? 

 

What information is available to all project participants? 

 

What can be the reason for requirements to be changed? 

 

How is versioning and status designation as a result of changes in requirements managed? 

 

How is the original requirement saved in the case of a need of change? 

 

How can changes is requirements be traced?  

 

What requirements are put on traceability for a requirement that is changed or replace an existing 

version? 

  

Is the purpose behind a change of requirement documented, to avoid that a system is used in a 

different way that it was supposed? 

 

Does any actor bear the responsibility for keeping the requirements updated through the process? 

 

How are decisions made in regards to requirements? 

o Who takes these decisions? 

o How are these decisions documented? 

 

How is information relayed to the involved participants after a decision has been made, so that the 

right people get the right information? 

 

May decisions be taken earlier or later in the project by utilizing the database? 

 

Do you have established procedures or methods to ensure that errors do not arise along the 

process? 

 



How to control that a requirement is fulfilled? 

 

How to quality control the requirements? 

 

In what context are visualizations of information models made? 

 

How are the requirements visualized to project members?  

 

How are changes in requirements visualized for the members? 

 

Is there today any connection between different information models and the database?  

o In what extent id design, cost estimation and plan schedule integrated? 

 

Are any processes and/or information deliveries automated in the current situation? 

 

How are changed requirements imported in the model?  

o Updated by automation or manually work processes? 

  

Briefly describe the principles behind the connection between the database and requirements 

 

At what point is the database integrated in the project and how long is it involved? 

o Specific stage and/or activity? 

 
What constitutes a standard room to transform into a unique room? 

o A specific activity, delivery or time? 

o What level of detail in information is achieved at this point? 
 

Which project members have read-, write and/or modify permission in the database? 

 

How do you estimate price on changes?  

o For every unique change or in a larger perspective? 

 

Which requirements are included in the database? 

 

Which requirements are included in the RDS? 

 

How does the database facilitated the cost estimation work?  

o Quantifying and pricing? 

 

How do you think the database could be developed 

o To better secure information? 

o To better implement information (through visualization, integration and automation) 

o To facilitate cost estimation? 

 

What activities and what information is the basis for early cost estimations? 
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Appendix 5 – Briefing process NKS
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Appendix 6 – Briefing process in general
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Appendix 7 – Changes in RDS 

 
Table 7.1 List of requirement changes in NKS 

Source of 

document 

Tender 

enquiry 

document 

(2009) 

 

Tender 

Document 

(2010) 

RDS (2011) RDS (2013) RDS (2014) 

Name of room 

 

Operationssal 

146 

146D_15 146D_15 146D 146_D12402U

140064500 

Area 60 m2 60 m2 60 m2 60 m2 60,9 m2 

People 10 10 10 10 10 

Walls and 

doors 

w=2000 

h=2400 

A: w=2000 

h=2400 

electric sliding 

B: w=1400 

sliding 

A: w=1800 

h=2300 

electric 

swinging, 

double B: 

w=1200 

sliding 

A: w=1800 

h=2300 

electric 

swinging, 

double B: 

w=1200 

h=standard 

sliding or 
w=1140 

swinging 

A: w=1800 

h=2300 

electric 

swinging, 

double B: 

w=1200 

h=standard 

sliding or 
w=1140 

swinging 

Temperature 18-24 ℃ Adjustable 18-

25 ℃ 

Adjustable 18-

25 ℃ 

Adjustable 18-

25 ℃ 

Adjustable 18-

25 ℃ 

Min airflow 15l/s, m2 Level 6 min 

15l/s, m2 

Level 6 min 

15l/s, m2 

Level 6 min 

15l/s, m2 

Level 6 min 

15l/s, m2 

Pressure Adjustable, 

over/under 

pressure 

Adjustable, 

over/under 

pressure 

Overpressure Overpressure Overpressure 

Cleanliness 50% or rooms 

<5 cfu 50% 

<50 cfu 

5< cfu 5< cfu 5< cfu 5< cfu 

Lighting Normal 

according to 

standard 

1000 lux 90 Ra 

differentiated 

between 

zones 

1000 lux 90 Ra 

differentiated 

between 

zones 

1000 lux 90 Ra 

differentiated 

between 

zones 

1000 lux 90 Ra 

differentiated 

between 

zones 

Noise According to 

other 

document 

According to 

other 

document 

According to 

other 

document 

According to 

other 

document 

According to 

other 

document 

Hygiene/infec

tion control 

Level 3 Level 3 high, 

and/or special 

requirements. 

Consult 
experts 

Level 3, as 

level 2 plus 

consider: 

qualified 
ventilation, 

airlock water 

cleaning 

Level 3, as 

level 2 plus 

consider: 

qualified 
ventilation, 

airlock water 

cleaning 

Level 3, as 

level 2 plus 

consider: 

qualified 
ventilation, 

airlock water 

cleaning 

Access - Electrical, 
door must be 

lockable from 

theatre 

Electrical, 
door must be 

lockable from 

theatre 

Electrical, 
door must be 

lockable from 

theatre 

Electrical, 
door must be 

lockable from 

theatre 



Media Level 2, other 

document 

Breathing and 

instrument. 

Close and local 
extraction 

Breathing and 

instrument. 

Close and local 
extraction 

Breathing and 

instrument. 

Close and local 
extraction 

Breathing and 

instrument. 

Close and local 
extraction 

Electricity - UPS UPS UPS Class 2, UPS 

Tele, data, IT Data, stereo, 

according to 

installation 

environment 
IT/MT 

Emergency 

alarm 

Data, 

Radio/TV 

internet, local 

applications, 
according to 

installation 

environment 

IT/MT 

Data, 

Radio/TV 

internet, local 

applications, 
according to 

installation 

environment 

IT/MT 

Data, 

Radio/TV 

internet, local 

applications, 
according to 

installation 

environment 

IT/MT 

Data, 

Radio/TV 

internet, local 

applications, 
according to 

installation 

environment 

IT/MT 

Equipment General 

description 

List of items 

70 (52+17) 

List of items 

85 (53+32) 

List of items 

86 (51+35) 

List of items 

90 (53+37) 

 
 

Table 7.2 List of requirement changes in CHK 

Source of 

document 

Tender document RFP 1.7 (program 

specification) 

RFP 2.7 (Principal 

document) 

RFP 3.7 

(Construction 

document) 

Name of room Normal-

operationssalen 

OP-5, 

Öron/näsa/hals  

Operationsrum 14 Operationsrum 14 

Area 55 m2 58  m2 66,3  m2 62,7  m2 

People 8 maximum 12-14 8 maximum 12-14 8 maximum 12-14 8 maximum 12-14 

Walls and doors 

 

 

Free width of: 

2000 

Requirements for 

door type A, B & C 

 

Free width of: 

1800, 1200, 1200 

Modularized 

walls. Door type B 

& C removed 

 

Free width of 

1800 

Modularized 

walls. Door type B 

& C removed 

 

Free width of 

1755 

Temperature 18-15 ℃ Adjustable 18-25  

℃ 

Adjustable 18-25  

℃ 

Adjustable 18-25  

℃ 

Airflow Adjustable. To 

serve 

requirements on 

cleanliness 

Building design Building design Building design 

Pressure Over-/under 

pressure 

Adjustable over-

/under pressure 

Adjustable over-

/under pressure 

Adjustable over-

/under pressure 

Cleanliness 9st <5 cfu/m3 12st 
<50 cfu/m3 

<50 cfu/m3 <50 cfu/m3 <50 cfu/m3 

Lighting Lighting 

depending on 
activity. Different 

colour 

1000 lux 90 Ra 

differentiated 
between zones 

1000 lux 90 Ra 

differentiated 
between zones 

1000 lux 90 Ra 

differentiated 
between zones 

Noise - Soundproofing 
acoustical 

requirements 

Soundproofing 
acoustical 

requirements 

Soundproofing 
acoustical 

requirements 

Hygiene 

care/infection 

5< cfu or 50< cfu Level 3, as level 2 
plus consider: 

Hygiene class 3 Hygiene class 3 



 

 

control qualified 

ventilation, 

airlock water 
cleaning 

Access - Automatic door 

should be able to 
be disconnected 

Automatic door 

should be able to 
be disconnected 

Automatic door 

should be able to 
be disconnected 

Media Double output 

evacuator O2, 
N2O, CO2 

Out 

blow/vacuum: 
Double 

mast/Smoke-

evacuator O2, 

N2O, CO2 

Out 

blow/vacuum: 
Double 

mast/Smoke-

evacuator O2, 

N2O, CO2 

Out 

blow/vacuum: 
Double 

mast/Smoke-

evacuator O2, 

N2O, CO2 

Electricity Five leader or 

isolated terra, 

potential 

equalizer. Earth 

fault indicator or 

switch 

Outlets/connectio

ns. Group 2 

Outlets/connectio

ns. Group 2. Earth 

fault indicators? 

Outlets/connectio

ns. Group 2. Earth 

fault indicators? 

Tele, data, IT Call/Alarm. Laser 

sign 

Call/Alarm. 

Emergency 

phone. Data 

Call/Alarm. 

Emergency 

phone. Data. Sign. 

OP 

Occupied/laser/C-

frame and 

unclean outside 
OP rooms 

Call/Alarm. 

Emergency 

phone. Data. Sign. 

OP 

Occupied/laser/C-

frame and 

unclean outside 
OP rooms 

Equipment Short list 79 79 82 



Appendix 8 – Analysis of the briefing process in general 
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