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1. [bookmark: _Toc194479121]Abstract –
This research proposal aims to investigate if CLT will be a material choice moving forward. A mixture of methods will be used to collect data to allow thorough research to take place.
Cross Laminated Timber (CLT) is a material that is becoming more commonly used in the UK as a method of construction. CLT is a material that is made to fit in a factory and then delivered to site, it is constructed to the finest of details, therefore all dimensions need to be correct as the structural openings are constructed in the factory and cannot be adjusted on site. CLT is known for having a positive effect on carbon emissions, therefore it will help towards the UK’s net zero goal by 2050.
As CLT is a fairly new introduced material in Wales it has very limited tested data to work towards to ensure compliance with the Building Regulations, as time progresses the use of CLT in Wales will be more common and therefore the Building Regulations and tested data will move forward with the material.
2. [bookmark: _Toc194479122]Introduction – 
The construction industry is one of the largest contributors to global carbon emissions, traditional materials such as concrete and steel require significant energy consumption for production and transportation. The industry is exploring sustainable building materials such as CLT to make improvements. 
The research findings will be beneficial to professionals within the construction industry who consider to potentially use the material. The research will provide a broader understanding for individuals who have never heard of CLT.

3. [bookmark: _Toc194479123]Research Question - 
Is CLT the way Forward?


4. [bookmark: _Toc194479124]Aims & Objectives –
The aim of this research is to provide more knowledge to construction professionals on the material itself whilst also assessing their opinions on CLT to understand if it will actually be a material that can be used more often in the future as more sustainable methodology moving forward.
Objective 1 
To identify potential barriers to the adoption of CLT in the construction industry.
Objective 2 
To assess the environmental sustainability of CLT, focusing on carbon emissions and resource efficiency.
Objective 3 
To evaluate the cost-effectiveness of CLT in comparison to steel and concrete.

4 [bookmark: _Toc194479125]Literature Review –
What is the purpose of a literature review? 
A literature review is a piece of academic writing that evaluates information relevant to the research project. A literature review can show that the author has knowledge of what is being discussed. (Hannah Williams , 2024)
Before conducting a literature review it is important to thoroughly research the topic beforehand to plan how the research will be produced and to put a timescale against it. Another important point to remember is to not only report but to evaluate at the same time. 
A literature review is a detailed summary and breakdown of information that already exists on a certain topic. Literature reviews provide a detailed evaluation of previous articles etc to identify trends, research gaps and key information. (How to Write a Literature Review Guide, Examples & Templates, 2023)


The purpose of a literature review is to – 
1. Provide context to the readers to allow them to gain an understanding of the existing knowledge.
2. To identify where there are gaps within the research.
3. Establish the research means to provide proof that new research should be conducted on the topic by providing previous research.
4. Organise and compare findings to complete an idea of the topic.
When conducting a literature review, you usually complete the following – 
1. Summarise findings from multiple sources.
2. Analyse the sources and discuss the advantages and disadvantages of the research and the relevance of the information to the topic.
3. Identify trends and patterns within the research.
Insight to a Literature Review -
Cross Laminated Timber (CLT) is a modern wood material that is being used more often in the construction industry due to its positive contribution to sustainability etc. Moving forward Wales aims to reach a sustainability goal by 2050 and sustainability in construction definitely needs to contribute to the movement and CLT is a potential solution as a new material to help towards this goal. Throughout this literature review websites, reports, and case studies etc will be reviewed based on CLT in Wales. The main focus will be the environmental impact it has, economic considerations, current regulations, and social opinions/barriers.  (Liz Grove , 2022)  
Environmental impact
CLT is referred to as a sustainable material because of its ability to replace more carbon intensive materials such as concrete and steel. 
A report compared the life cycle of CLT compared to other materials and it found that CLT structures have a lower embodied carbon footprint due to the fact that the carbon stores itself within the wood throughout its life cycle. This proves relevance towards the point made earlier based on Wales reaching Net Zero and CLT contributing towards that gain. (MD Riasat Azim, 2014) 
Richard Falk also states that the purpose of CLT can mitigate climate change. The research shows that CLT has got the potential to help towards achieving Net Zero targets mainly in residential and commercial areas. (Richard Falk, 2016) 
Economic considerations 
The cost effectiveness of CLT is still a current debate due to the initial cost of CLT being considerably higher than other traditional materials in comparison. There are reports that do provide proof of CLT being cost effective long term.
One of the barriers that raises concern is that the cost of CLT per square meter is higher in comparison to concrete and steel, however the initial cost increase weighs itself up as a programme to install CLT is much quicker in comparison to both traditional methods, the waste percentage of CLT is also kept to an absolute minimum as it is made in a factory to fit, with that being said prelim costs will be much lower to complete a CLT frame potentially due to a shorter programme. (Liz Grove , 2022) 
Performance 
The performance of CLT in Wales is vital due to the diverse weather conditions and the amount of heavy rainfall for example could damage the material if it is not capsulated, CLT can absorb the water which could later result in trapped moisture causing damp. 
For example, a company called Langstone Construction recently installed a 6 story CLT frame in Cardiff and throughout the installation process the frame was open to adverse weather for a number of months waiting for the brickwork to be completed. With that being said the company had to ensure that the frame was below 17% moisture intake before they could commence the installation of the first fix if the moisture intake was above 17% the frame would need to be left open to dry out. (Langstone Construction Group, 2024)





Regulations 
The adaption to CLT in Wales will depend on the regulations and building codes, fire safety, and sustainability. There have been reports produced that have highlighted the barriers and opportunities related to the use of CLT in the UK and Wales.
Social Barriers 
It is likely that social barriers will occur due to the lack of knowledge many people have based on CLT these barriers will play a big role in the acceptance of CLT as there is a major need for education based on the material before it can be adapted to.
It is key that contractors on site keep the installation precise of not only the CLT frame, but the slab it will sit upon too as the frame is built to the exact millimetre to ensure it fits and tolerances cannot be granted in the case of installing CLT. The material may be a learning curve for some contractors; however, they will gain benefit in the long run. (Liz Grove , 2022) 
International Comparison 
CLT is a commonly used material in other countries such as Austria and America etc and the use of the material in these countries can provide guidance for the adaption in Wales, however the guidance will need to be refined as the regulations on the material are likely to be strict due to the type of material CLT is. 
                Conclusion 
The existing literature shows that CLT definitely has a potential for the future in Wales due to its contribution to the Net Zero goal and material advantages. However, the widespread use of CLT in Wales will require better regulations to ensure that people have the correct training/knowledge to use the material and to overcome barriers. 
 Keywords Related to the Question
1. Construction
2. Timber
3. Design
4. Adaptation 
 Identification of gaps in current research
‘Research Gaps’ refers to an unexplored or underexplored area within a field of research. The results of this leave questions unanswered, insufficient evidence available on the topic etc. Research gaps provide opportunities for others to conduct the relevant research. 
There are several different types of research gaps:
1. Knowledge Gap – this occurs when there is little to no information on a topic.
2. Evidence Gap – this occurs when there are inconclusive, contradictory or lack of sufficient evidence to support research findings.
3. Methodological Gap – this occurs when existing research uses irrelevant methods. 
4. Contextual gap – this occur when research focuses on general context but neglects specific settings.
5. Theoretical Gap – this arises when existing research fails to explain certain phenomena, or when no research hasn’t been developed.
6. Practical Gap – this exists when research does not address realistic problems which results in failure to provide actionable recommendations.
7. Population Gap – this occurs when certain groups of humans such as adults and children are underrepresented in research. (Research Gap - Types, Examples and How to Identify , 2024) 
It is clear that conducting a literature review would likely show that there are massive research gaps in Wales based on Cross Laminated Timber because:
1. There are very limited regional studies considering CLT is becoming such a popular material in parts of Europe and America etc, the research on the material in Wales when it comes to the application and challenges is limited. This is an example of a practical gap in the research.
2. CLT is considered as a sustainable building material, however research on how CLT contributes to reducing carbon footprint in Wales is not a topic of research that can be sourced easily and needs more development, this is an example of theoretical research gap.
3. There will be cultural barriers towards the acceptance of the new material in Wales as the research on personal opinions in Wales is very much underdeveloped. 
4. Long term durability and maintenance of CLT structures in Wales is again an underdeveloped topic which could contribute to personal opinions based on the material.
The specific elements of research on CLT in Wales is yet to be explored deeper which presents a massive opportunity for a significant amount of research based on CLT to be completed. Addressing the research gaps is essential to allow acceptance and integration of the material in Wales.
To address these gaps
The study will review these gaps by: 
1. Conducting primary research with construction professionals to gauge their thoughts on CLT.
2. Analyse real world case studies of CLT structures to evaluate long term performance.
3. Examine policy and regulatory framework to determine necessary changes for broader CLT adoption. 

1. [bookmark: _Toc194479126]Research Design and Methodology –
A mixed method approach will be used to ensure a thorough analysis is undertaken based on the research question.






          Qualitative 
Qualitative research does not involve numerical research, it involves the opposite analysis of audio and text etc. For example, conducting in person interviews to understand opinions and experiences is a form of qualitative research. 
Qualitative research provides an opportunity to gain knowledge on personal opinions. There are several approaches that could be used whilst conducting qualitative research, but each approach retains thorough data analysis. (What is Qualitative Research? Methods & Examples, 2020)
Types of Approaches 
	Approach 
	What does it involve?

	Grounded Theory 
	Collects in depth data based on the question to allow development on theories.

	Ethnography
	Researchers have the opportunity to immerse themselves in groups to understand.

	Action Needed
	Allows collaborative theory to participate to drive change.

	Phenomenological Research
	Investigating a phenomenon or event by describing and interpreting participants experiences.

	Narrative Research
	Examining how stories are told to understand how participants perceive their experience.



Qualitative research is highly at risk of ‘research bias and it is important to be aware of this whilst conducting the research to prevent the risk when collecting and analysing data. (What is Qualitative Research? Methods & Examples, 2020)
Methods 
Common data collection methods:
1. Observations – taking note of what you have seen or heard in detail.
2. Interviews – asking participants questions in person.
3. Focus Groups – Generating discussions within a group of people by asking questions.
4. Surveys – creating questionnaires with open ended questions.
5. Secondary research – collecting data that already exists in firms of texts, images, audio, or videos etc. (What is Qualitative Research? Methods & Examples, 2020)
Advantages of Qualitative Data 
1. Data analysis can be adapted throughout the process as new ideas come to life; this provides flexibility.
2. Natural settings are used to collect real world data.
3. Descriptions of participants opinions and experiences etc provide meaningful insights.
4. The use of open-ended questionnaires can provide new opportunities to research further. (What is Qualitative Research? Methods & Examples, 2020)
Disadvantages of Qualitative Data 
1. The ‘real world’ setting can often make the use of qualitive data unreliable due to out-of-control factors.
2. This type of research can be extremely labour intensive due to manually recording and analysing data, so this is something to consider before deciding. 
3. Data generalizability may be limited due to the fact that the data may be biased. (What is Qualitative Research? Methods & Examples, 2020)

Quantitative 
Quantitative research involves collecting numerical data which can then be used to find patterns and averages. 
When collecting quantitative data on CLT, it is necessary to use definitions that translate concepts such as material strength and durability into measurable and observable variables. (What is Quantitative Research? Definition, Uses & Methods, 2020)
Methods 
	Research Method
	Use
	Example 

	Experiment 
	To measure variables 
	Split participants into groups and compare ratings of behaviours. 

	Survey
	To ask questions of participants to gain answers.
	Produce a questionnaire with ratings against questions regarding CLT.

	Observations 
	Identify something of interest and monitor in a natural setting.
	Observe the behaviour of participants when conducting interviews.

	Secondary Research 
	Gather data that already exists.
	Assess attitudes towards CLT.



Again, it is important to note that quantitative research can also be biased. (What is Quantitative Research? Definition, Uses & Methods, 2020)




Advantages of Quantitative Research 
1. Repeating the same form of research is possible due to the standardised data.
2. Results can be statistically compared.
3. Large amounts of data can be analysed at once.
4. Hypothesis testing can also be done. (What is Quantitative Research? Definition, Uses & Methods, 2020)
Disadvantages of Quantitative Research 
1. It is likely that the relevant observations may be ignored.
2. Structural bias can still happen.
3. Lack of context may affect data. (What is Quantitative Research? Definition, Uses & Methods, 2020)

Mixed Methods 
A mixed method approach will be used to ensure a comprehensive analysis of CLT.
Mixed method research combines both quantitative and qualitative research to produce answers for research question. The use of a mixed method approach provides a better understanding of the original question that either of the research methods would perhaps provide alone. 
Deciding to use a mixed method approach depends on whether or not your question can be answered with just qualitative or quantitative research as the data produced by just one method may not be significant enough.  (Mixed Methods Research Definition, Guide & Examples, 2021)




Common reasons for using a mixed method approach: 
Generalisability – qualitative research usually involves small quantities of data collection which can limit its generalisation. By using a mixed method approach the limit is balanced by using quantitative research which can provide larger forms of data.
Contextualisation – by conducting a combined search it allows you to largen your findings by using context to add depth. Using qualitative data to express quantitative data can provide a more detailed insight to the analysis.
Credibility – using multiple methods to gather data on a topic enhances the accuracy of your findings. When quantitative and qualitative data match it provides more durability to the validity of your findings.
As the research question progresses the consideration of qualitative and quantitative methods will be integrated into the research study. If the question can be addressed through qualitative or quantitative alone then a mixed method approach would not be needed, however in this scenario a mixed method approach is the best suited. (Mixed Methods Research Definition, Guide & Examples, 2021)
Questions to be asked:
· Have you ever heard of Cross Laminated Timber (CLT)?
· Do you feel that CLT will be used a lot more in the future?
· Do you believe that CLT is a sustainable material?
· Will improvements to tested data/regulations contribute to your choice of using the material? 




2. [bookmark: _Toc194479127]Data Collection Methods 
Data collection methods depend on the type of question being asked and the type of data you expect to gather from it. Surveys, interviews, and experiments are common methods of data collection.
Surveys  
Multiple surveys will be conducted to ask participants about their knowledge etc on CLT.
Surveys are a great way to gather large samples of data to quantify responses. Surveys are useful for collecting information based on opinions and attitudes etc.
From conducting surveys qualitative and quantitative data will be collected from the responses. 
Advantages of a Survey –
1. Large number of participants.
2. Cost and time effective.
3. Provides information that can easily be analysed.
Disadvantages of a Survey – 
1. Limited responses for closed end questions.
2. Potential for bias.
construction professionals will be asked to complete a survey to gather data. (Survey Research Definition, Examples & Methods, 2019)






Interviews
Interviews are ideal for collecting detailed information such as personal experiences and understanding opinions. Interviews provide qualitative data insights.
Advantages of Interviews –
1. Provides detailed responses.
2. Allows for follow p questions to be asked.
3. Can provide insights that surveys might’ve missed.
Disadvantages of Interviews –
1. Time consuming.
2. Does not provide large data samples.
3. Interviewer bias.
To conduct the interviews industry professionals such as architects, builders, quantity surveyors etc will be asked to participate to gain a deeper understanding of their opinions on CLT. (Types of Interviews in Research Guide & Examples, 2022)
Experiments 
Experiments are used to provide cause and effect relationships by manipulating variables and observing the effect. This method is best for testing hypotheses in controlled environments. Both quantitative and qualitative data can be collected through experiments.
Advantages – 
1. Provides controlled conditions to reduce variables.
2. Can be standardized.



Disadvantages – 
1. Can lack external validity if the experimental setting does not reflect real world conditions.
2. Can be time and consuming and expensive.
3. If human participants are involved, then it is likely that ethical concerns may arise.
For example, an experiment could be carried out to assess CLT against other materials performance in Wales such as concrete and steel.
A mixture of both surveys and interviews would be best suited to gather data based on CLT. It is common to combine methods which is referred to as ‘triangulation’ this will provide a more valid response for findings due to it drawing multiple data sources and methods. (Guide to Experimental Design Overview, 5 Steps & Examples, 2019)
3. [bookmark: _Toc194479128]Data Analysis 
To analyse all data collected a mix use of software such as Excel and SPSS will be used to produce detailed statistics to provide an understanding of the current opinions on CLT and findings. 
The data collection method chosen for this report is:
Qualitative Data Analysis 
As qualitative data is numerical the type of data collected will be interview transcripts, surveys, notes, and recordings. Therefore, it is likely that one of the below steps will be undertaken:
1. Preparing data from interview transcripts.
2. Reviewing data to see if there are any patterns that appear.
3. Coding data to categorize.
4. Assign codes to participants and their responses to allow a less complex analysis.

	Approach 
	Use
	Example

	Content Analysis
	To categorize repeated words, phrases, and ideas.
	The researcher could perform content analysis to find out what kind of phrases are used to describe CLT.

	Thematic Analysis
	To identify patterns and themes in qualitative data.
	This could be used to identify repetitive themes throughout interviews when asking questions on CLT.

	Textual Analysis
	To examine the content, structure, and design.
	This could be used to examine current research based on CLT.

	Discourse Analysis
	To examine communication and use of language to achieve specific effects.
	This could be used to analyse the current opinions on CLT.



Quantitative Data Analysis 
Once all data is collected it may need to be processed before analysing to ensure that all of the data is numerical, so words may need to be translated to numbers to allow statistical analysis. 
Descriptive statistics provide overviews of data in formats of graphs, plots, and frequency tables to visualise the data, this will also help to see trends.
Inferential statistics allow predictions to be made from data. Hypotheses can be tested, and sample data can be used to estimate.

4. [bookmark: _Toc194479129]Ethical Considerations 
Participants chosen to take part in the data collection process such as interviews will be briefed prior to participating on the purpose of the investigation and they will then be asked to provide written consent to allow them to proceed.
To ensure that the correct procedures are followed in line with the data protection act all data and files will be stored in a secure file with password access only. Further to this no names will be used to ensure that no traces can be made back to the original source. (GOV UK, 2018)
To adhere to academic integrity all data sources will be cited appropriately, and findings will be presented correctly.
5. [bookmark: _Toc194479130]Timeline 
The research will be conducted across a 12-month period to ensure that all information collected, and data produced is correct.
	Research Activity 
	Duration

	Literature Review
	Months 1-2

	Survey and Interview Design
	Month 3

	Data Collection (Surveys & Interviews)
	Month 4-5

	Case Study Analysis 
	Months 6-7

	Data Analysis and Interpretation 
	Months 8-9

	Report Writing 
	Months 10-11

	Final Review and Submission
	Month 12



6. [bookmark: _Toc194479131]Expected Outcomes 
Once conducting this research study based on the question ‘Is cross laminated timber the way forward in Wales it is likely to produce several outcomes and each outcome will contribute to different areas of the construction industry in Wales.


 
The expected outcomes from this research question are:
Cost & Economical Impact - 
To produce an understanding based on the cost effectiveness of CLT in Wales such as the cost of the material itself, labour cost to install, and speed of installation. 
The research study should produce answers to whether or not CLT will contribute to lowering or increasing construction project costs, this will provide a clear understanding of whether or not it is a long-term saving etc. 
Should the research produce beneficial information it may boost the growth of jobs in relation to CLT in Wales, jobs that may link to the material could be maintaining the CLT, installing the material etc. 
Sustainability of CLT -
The research should produce evidence that CLT will either reduce carbon emissions and be more sustainable in Wales or it will have the opposite effect and increase carbon emission etc. 
Wales has a goal to achieve Net Zero by 2050 and if it can be proven that CLT can help reduce carbon emissions compared to traditional materials such as concrete and steel then it will contribute towards Wales goal. 











Regulations –
Throughout the study the current regulations in Wales based on CLT will be assessed to potentially show if there are any gaps in policies etc. 
To develop Welsh Government regulations on CLT further gaps within the regulations will need to be identified to enable further development.
The study could potentially lead further development based on what is mentioned above to support the adaptation of CLT. 
Barriers to the adaptation of CLT –
The research will most likely identify challenges that will likely occur when adapting to CLT in Wales such as labour shortage, costs, regulations, and supply chain each of these reasons will provide a barrier to the use of the new material. 
The study will provide insights to address the above challenges to potentially overcome them. The research could also provide a guide to professionals to know how to overcome them in the future. 
The findings will hopefully contribute to the growth of CLT in Wales. The above expected outcomes are just a few examples of what to expect the research to produce, the research will not only provide an answer to the question, but it will also provide more information for professionals within the industry hoping to use the material. It is crucial that the challenges that come along with using CLT are highlighted to people to allow them to overcome before adapting.
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