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16
Abstract 17

Public concerns are essential for mega infrastructure project success, meanwhile profoundly influencing on 18

the stakeholder performance. To understand the dynamics of public concerns in the project duration is 19

beneficial for decision-makers and project stakeholders to improve their adaptability in an uncertain project 20

environment. Therefore, the study proposes a dynamic stakeholder-associated topic modeling approach to 21

identify, evaluate, and manage the public concerns by learning the experience from large quantities of 22

unstructured project documents. The approach is composed of three parts, including the Topic Over Time 23

text-mining model, stakeholder relevance scoring system, and managerial map. Based on the managerial 24

-maker and project stakeholders to25

determine the management priority of public concerns considering the public popularity and stakeholder 26

relevance in different project phases. A sixteen-year case of Hong Kong Zhuhai Macao Bridge is used to 27

validate the effectiveness of the proposed approach with 1748 official project documents. The dynamics of 28
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16 critical public concerns in the project are revealed and verified by reality. Furthermore, the management 29

guides are summarized for decision-makers, political groups, construction groups, and pressure groups. The 30

study establishes a text-mining based method to provide useful guidelines for future mage infrastructure 31

projects in the view of stakeholder management. 32
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1. Introduction 36

Public concern is an informal regulation frequently used by external stakeholders, including 37

government, media, green groups, and concerned citizens (Leonidou et al., 2017). The general public 38

profoundly influences the decision-making process of mega infrastructure projects, either directly or 39

indirectly (Lin et al., 2018). Through an official public consultation, public concerns can directly influence 40

the development of mega infrastructure projects (Boyer et al., 2015). Moreover, public concerns may 41

escalate to indirect appeals with regard to political issues; in this case, it may encourage authorities to 42

interfere with the implementation of mega infrastructure projects (Breukers and Upham, 2015). Previous 43

studies have proved that public concerns heavily influence organizations involved in the projects (Lin et al., 44

2018). Thus, understanding the relevance between public concerns and stakeholder  participation is of great 45

significance for decision-makers and project stakeholders, since gaining public support through managing 46

related potential risks may benefit them(Rodriguez Melo and Mansouri, 2011).  47

Existing studies have performed a static analysis of public concerns through questionnaires, surveys, 48

and interviews; however, they have failed to show the dynamic features involved during the whole project 49



duration(Lin et al., 2018). Although data from surveys and interviews have revealed patterns of public 50

concerns to some extent, results are still highly dependent on the involved respondents(Vandeweerdt et al., 51

2016)  subjective views determine a s final empirical results. To address the limitation 52

of traditional survey-based research, large quantities of official documents on mega infrastructure projects 53

might be used as a possible dataset to reflect the changeable public concerns in project duration through 54

more objective and convincing empirical data (Zidane et al., 2013). However, few solutions have been 55

provided to explore critical public concerns and their stakeholder relevance from the extensive unstructured 56

text data in the research domain of mega infrastructure projects. Thus, a call for a more efficient approach to 57

analyze official project documents exists. 58

Given the development of text-mining technology, topic modeling has been utilized as a robust tool 59

to detect core concepts from a considerable amount of texts (Yao et al., 2016). Topic models are established 60

according to various probabilistic theories, including Probability Latent Semantic Analysis (PLSA), Latent 61

Dirichlet Allocation (LDA), and Topic Over Time (TOT) (Li et al., 2015b). TOT model is a dynamic topic 62

model, which does not only explores the contents of core concepts but also reflects the dynamic patterns of 63

concepts (Wang and McCallum, 2006). Therefore, analyzing project documents through the mining of 64

critical issues and presenting the dynamics of various issues in project duration is considered a potential 65

solution. However, given that the current TOT model has few considerations of stakeholder  identifications, 66

it should be further developed to integrate the evaluation function of stakeholder  participation. 67

The primary purpose of this study is to develop a method that performs dynamic analysis of public 68

concerns and their stakeholder relevance in mega infrastructure projects from unstructured project 69

documents, providing significant management guides from stakeholder  perspectives. This study is divided 70



into two parts. First, a dynamic stakeholder-associated topic modeling approach (DSTM) is proposed.71

DSMT is composed of the TOT model, stakeholder relevance scoring system, and managerial map of public 72

concerns. Second, a 16-year longitudinal case study of the Hong Kong-Zhuhai-Macao Bridge (HZMB) is 73

conducted to validate the effectiveness of the proposed approach and reveal the dynamic patterns of public 74

concerns in mega infrastructure projects. 75

2. Background 76

2.1 Public concerns in mega infrastructure projects 77

Public concerns reflect legitimate demands from public opinions and have been widely discussed 78

concerning public issues, such as environmental protection, technology revolution, and immigration affairs 79

(Carmichael and Brulle, 2017, Wardman and Löfstedt, 2018, McLaren et al., 2017). Previous studies have 80

proved the substantial influence of public concerns toward the decision-making of public policies (Stimson, 81

2018). Therefore, precautionary measures are recommended for decision-makers to control the risk 82

amplification of public concerns (Wardman and Löfstedt, 2018). Thus, a call for a more robust tool that can 83

guide proactive management exists. One of the shortcomings of existing tools is the lack of effective 84

measurement for public concerns, given that the insufficient and unrepresentative samples in traditional 85

survey-based approach may lead to unreliable findings (Vandeweerdt et al., 2016). To overcome the defect 86

of data source, previous studies have also investigated the strong connection between the congressional 87

voting and public concerns on social issues, wherein the council members always take what their 88

constituents want as primary considerations to determine whether they support the bill or not (Vandeweerdt 89

et al., 2016). Thus, the documents of council meetings may be considered a reliable data source to represent 90

public concerns. 91



Given that most mega infrastructure projects are public-funded, public concerns have significantly92

affected environmental and social issues concerning mega infrastructure projects (Wang et al., 2016), and 93

thus affecting a wide range of stakeholder behaviors (Li et al., 2013). For instance, public concern influences 94

project planning, which may drive the government to halt and cancel a project, particularly in cases of 95

energy projects (Wu et al., 2019). In the construction stage, public concern drives project stakeholders to 96

adopt social responsibilities (Lin et al., 2018). Moreover, a public concern can be amplified to public 97

opposition by pressure groups (Li et al., 2016). Thus, understanding stakeholder relevance is essential when 98

evaluating the criticalness of public concerns effect on mega infrastructure projects. 99

 Given the significance of public concerns, effective public participation has been studied in the 100

field of mega infrastructure projects. According to the ladder of citizen participation proposed by Arnstein 101

(1969), public participation can drive public concern into the decision-making process and achieve 102

democratic and justice governance, legitimate demand, and social justice for mega infrastructure projects 103

(Zhou et al., 2019, Bryson et al., 2013, Fung, 2015). The public participation level varies in different project 104

phases (André et al., 2006), indicating the need for understanding public concerns in the dynamic project 105

environment. To further understand the public concern, interactive participations are considered, including 106

public meetings, public hearings, workshops, negotiation and mediation, and online-based public 107

forums(Lin et al., 2018, Higgs et al., 2008, Rowe and Frewer, 2004). Besides the traditional interactive 108

participation, online public opinions have received popularity among researchers to track public concerns on 109

different social media platforms in the construction industry (Jiang et al., 2016a, Tang et al., 2017). As 110

social media has a significant influence on the daily operation of the construction industry (Azhar et al., 111

2019), decision-makers use social media platforms to perceive public concerns among the wider population 112



(Jiang et al., 2016a). To utilize large quantities of online information, the topic modeling approach has been 113

applied to explore significant concepts with the development of text-mining technologies (Tang et al., 2017). 114

However, limitations still exist. First, online views are still probably biased, given that most Internet surfers 115

are commonly composed of younger generations. Second, limited patterns of stakeholder relevance can be 116

obtained due to random and unorganized information found in online communication. 117

In summary, previous studies have indicated that council documents may reflect public concerns 118

with regard to major events occurring in society. Moreover, considering stakeholder relevance is essential to 119

assess the significance of public concerns. Although topic modeling has been applied to track public 120

concerns in mega infrastructure projects, a call exists for a more robust solution to comprehensively explore 121

the relationship between public concerns and the corresponding stakeholders within the dynamic project 122

duration. 123

2.2 Topic modeling 124

Topic models are derived from probabilistic graphical models to provide a method that discovers the 125

hidden structure of data (Koller and Friedman, 2009). Traditional topic models such as PLSA (Hofmann, 126

2001) and LDA (Blei et al., 2003) belong to the Latent Semantic Indexing method. Through indexing, the 127

document-term occurrence matrix can be reduced into low dimensions, which are denoted as latent features. 128

According to these two classical topic models, several topic model-based methods have been proposed and 129

applied in various areas including document classification, recommendation, and transfer learning (Li et al., 130

2015b, Rubin et al., 2012, Zhuang et al., 2010, Nguyen et al., 2015, Yang et al., 2015, Yao et al., 2018).  131

Although these models have been widely used in different research domains, unsupervised methods 132

still face challenges concerning dynamic data, which are collected over time (Wang and McCallum, 2006). 133



LDA model is focused on the co-occurrence of words and their interdependencies but unable to capture the 134

dynamic patterns of the texts (Wang and McCallum, 2006).. Therefore, the time-stamped document cannot 135

be well analyzed by LDA to detect meaningful topics. To overcome the shortcomings of LDA, TOT is 136

developed for exploring the dynamics of the text.  137

TOT model is established through a continuous distribution over time associated with topics 138

considering word co-occurrence and document timestamps (Wang and McCallum, 2006). Therefore, the 139

time distribution of one topic is determined by the period when a strong word co-occurrence pattern bursts. 140

TOT model has employed beta distribution over time, covering all data and used a Dirichlet distribution to 141

sample each document and word co-occurrence similar to the LDA model (Wang and McCallum, 2006). 142

Thus, the proposed model has been considered as an effective topic model to explore the dynamic pattern of 143

text documents. To measure the validity of the topic model, an automatic coherence measure proposed by 144

Mimno et al. (2011) is used. This measure provides a semantic coherence score based on word 145

co-occurrence among the featured words associated with the latent topic. The measure is used as an 146

alternative method replacing the traditional human judge method to validate the results of the topic model 147

(Chang et al., 2009). 148

In the research domain of mega infrastructure projects, the topic model has been used as a mining 149

approach to review the literature and analyze online public opinions (Jiang et al., 2016b, Jiang et al., 2016a). 150

However, a static topic model such as LDA remains as the dominating method used to explore information 151

(Jiang et al., 2016c). Thus, a call for a more dynamic model exists to reflect further how information 152

changes within the development of the project. Moreover, existing studies have focused on the mining and 153

interpretation of results in a general way without specifying the information from stakeholder  perspectives. 154



Therefore, learning through investigating past experiences from existing project documents is essential for 155

project stakeholders. Furthermore, although the data-mining approaches have been extended to extract 156

information from project documents (Le et al., 2018, Liu et al., 2018b), it is still a lack of a robust tool on 157

analysis of text data among unstructured project documents. Hence, it calls for further study of the topic 158

model on a large number of unstructured text project documents. 159

3. Method 160

3.1 Research framework 161

The framework of the DSTM is presented in Figure 1. First, data were collected from the official 162

project documents. Second, the TOT model was employed to detect the public concerns in the project, 163

through which it was obtained the critical public concerns and the annual trend of each public concern. Third, 164

according to the identified public concerns, we developed a scoring system to measure the link of each 165

public concern and the corresponding stakeholders. Fourth, we generated the stakeholder relevance score for 166

each public concern. Fifth, we designed a managerial map for public concerns in mega infrastructure 167

projects considering the annual popularity and stakeholder relevance of each concern, providing relevant 168

guides for decision-makers and project stakeholders in managing public concerns in different stages of mega 169

infrastructure projects. 170

<Figure 1. The framework of DSTM> 171

3.2 Data collection 172

Official project documents are used as the primary data sources in conducting dynamic analysis, 173

given that they provide time-stamped information of public concerns in the changeable environment of mega 174

infrastructure projects (Lee et al., 2017). These documents are required to meet two criteria. First, the 175



content of these documents should be highly relevant to public concerns. Second, these documents should 176

follow the text format given that the text-mining approach will be applied to implement data analysis. 177

In this study, the official project documents in the council library are chosen as the pool of datasets. 178

Given that the legislative council is an institution wherein the council members who represent the general 179

public participate in the social governance (Vandeweerdt et al., 2016), council documents provide a unique 180

opportunity to reflect the major public concerns in an official way. Moreover, most of the documents of the 181

legislative council are open for the public in a democratic society. For instance, the archives of local major 182

infrastructure projects can be explored in a variety of congress libraries in the United States 183

(https://www.congress.gov/congressional-record), Singapore (https://sprs.parl.gov.sg/search/home), United 184

Kingdom (https://archives.parliament.uk/), Canada (https://lop.parl.ca/sites/PublicWebsite/default/en_CA/), 185

Hong Kong (https://www.legco.gov.hk/general/english/library/index.html), etc. Thus, researchers can access 186

council documents, which contain reliable longitudinal information of public concerns related to mega 187

infrastructure projects.  188

3.3 TOT model 189

 TOT model was developed based on the traditional LDA. TOT model detects the topic of the target 190

text, considering not only the word co-occurrences but also temporal information. Therefore, the TOT model 191

is used to explore the topic distributions in the documents with the timestamp, reflecting the dynamic 192

features of the detected topic (Wang and McCallum, 2006). The graphical representation of TOT, as 193

proposed by Wang and McCallum (2006), is shown in Figure 2, whereas the summary of the notations used 194

in this section is shown in Table 1. The generative process used in Gibbs sampling for parameter estimation 195

is stated as follows: 196



1. For each topic z, draw a multinomial distribution from a Dirichlet prior197

2. For each document d, draw a multinomial distribution  from a Dirichlet prior . 198

3. For each word in document d: 199

(a) Draw a topic from multinomial ,  200

(b) Draw a word  from multinomial , 201

(c) Draw a timestamp  from Beta . 202

In this study, the setting of hyper- Wang and 203

McCallum (2006)204

frequency-inverse document frequency (TF-IDF) filtering before running the TOT model to improve the 205

quality of the text, which has removed some frequent but meaningless words (Ramos, 2003).  206

<Table 1 Notations of the symbols in TOT> 207

<Figure 2. Graphic representation of the TOT model for Gibbs sampling> 208

After the Gibbs sampling procedure, it is obtained three probability matrixes: document-topic 209

probability matrix, topic-word probability matrix, and topic-time probability matrix. The first one is the 210

probability distribution over the topics for each document. The second one is the probability distribution 211

over the words for each topic. The last one is the probability distribution over time for each topic. 212

To describe each topic, 15 most probable feature words from the topic-word probability matrix are 213

extracted and listed in descending order of their probabilities related to the topic, which are generated by the 214

TOT model. The threshold setting of the top 15 feature words to interpret the topic is based on two 215

considerations. On the one hand, the number of selected feature words varies in the previous studies with the 216

scale of top 5, top 10, top 15, and top 20, which proves the range of selected feature words is not sensitive to 217



the research results (Jiang et al., 2016b, Wang and McCallum, 2006, Mimno et al., 2011, Jiang et al., 218

2016c). On the other hand, the coherence validity test of TOT modeling is suggested to be undertaken with 219

the top 15 feature words (Mimno et al., 2011). Therefore, the top 15 featured words were selected, in 220

consideration of the concept interpretation and the modeling validity test requirement. 221

To measure the validity of the coherence and typicality of the topics generated by the TOT model, a 222

score called topic coherence is used to assess the results (Mimno et al., 2011). Given the feature word list 223

, topic coherence is calculated for each topic  through the following Formula 1: 224

 (1) 225

where  represents the number of documents the feature word v appears, and  is the number 226

of documents that contain feature words . An absolute value of coherence that is closer to 0 227

indicates a more representative topic. 228

229
3.4 Scoring system for stakeholder relevance 230

When displaying the relative importance of each stakeholder and identified topic Z, a relevance score 231

is utilized. Given the topic  and the timestamp  and the stakeholder word , we calculate the 232

probability of how much  contributes to each feature word  of topic  in the documents from 233

timestamp . The probability is calculated by counting the frequency of paragraphs where stakeholder  234

occurs given the paragraphs containing feature word  for all documents from timestamp  has the 235

feature word  occurs. We multiply this probability and the probability of  under topic , which has 236

already been analyzed by the TOT model. Finally, the relevance score is formulated as the sum of the 237

product of these multiplications. Let  be the number of paragraphs that  appears in the 238

document ,  be the number of paragraphs that  appear together in the document 239



, be the number of documents containing word v with the timestamp Y, and be the 240

probability of feature word  of topic  which is derived from the topic-word probability matrix. The 241

score is defined in the Formula 2 as follows: 242

 (2) 243

where  is the number of documents with timestamp . In our case study, it is calculated the relevance 244

score of 29 kinds of stakeholders listed in Table 2, which is generated by fast browsing the content of project 245

documents. 246

<Table 2. 29 kinds of stakeholders> 247

3.5 Proposed managerial map for public concerns 248

A managerial map for public concerns called MPC-Map is designed to show the importance degree 249

of public concerns with a specific timestamp according to the relationship with the popularity of the public 250

concerns and the scores of stakeholder relevance. The vertical axis represents the popularity of each topic 251

using the average annual document correlated probability of the corresponding topic, whereas the horizontal 252

axis represents the relevance of the stakeholders using the sum of stakeholder relevance scores related to 253

each topic. The graph is divided into four blocks by the average of horizontal and vertical values of all 254

points. In Figures 3 and 4, the managerial map is divided into four zones, which classifies the criticalness of 255

public concerns according to four levels. Zone One is composed of public concerns with high popularity and 256

stakeholder relevance. Zone Two includes public concerns with high popularity and limited stakeholder 257

relevance. Zone Three represents the public concerns with low popularity and wide stakeholder relevance. 258

Zone Four has public concerns with little popularity and limited stakeholder relevance.  259



Two strategies have been proposed based on the managerial map. The first one is for 260

decision-makers, whereas the other one is for each kind of stakeholders. The decision-makers focus more on 261

the trend popularity of public concerns rather than the stakeholder relevance. Thus, addressing the issues 262

receiving high public attention is essential to decision-makers. Each project stakeholder always considers its 263

interest first, therefore paying more attention to the stakeholder relevance. The divergence on the focus 264

between decision-makers and project stakeholders leads to different priority paths on the managerial map 265

when ranking the criticalness of public concerns. For decision-makers, the management priority on public 266

concerns is to address first the high popularity issues from Zone One to Zone Four, which is similar to the 267

mirror image of the letter Z 3. For project stakeholders, the management priority on 268

public concerns is to address first the high stakeholder-relevant issues from Zone One to Zone Three to Zone 269

Two to Zone Four, which is similar to the letter N 4. Therefore, 270

strategies are proposed to determine the management priority of public concerns in mega 271

infrastructure projects for decision-makers and project stakeholders, respectively. 272

<Figure 3 > 273

< Letter N > 274

4. Case study 275

HZMB is a 55-km cross-boundary mega transport project, connecting Hong Kong, Macau, and 276

Zhuhai the three major cities located at the Pearl River Delta in China. HZMB was built to enhance the 277

economic and sustainable development of the Greater Bay Region. The project was planned in 2008, and the 278

construction work began on 15 December 2009 on the Guangdong side. Nine years later, the construction 279

work was completed on 6 February 2018 and was opened to the public on 24 October 2018. With the 280



proposed DSTM, we conducted a dynamic analysis of public concerns in HZMB using 1748 official 281

documents from 2003 to 2018. Through the proposed DSTM approach, we detected the public concerns and 282

their trends in the timeline and drew the managerial map to reflect the importance for each public concern in 283

three different project phases: planning (2003 2009), construction (2010 2017), and handover (2018). 284

4.1 Results of the data collection 285

As the figure (shown in Appendix 1) shows, we downloaded the project documents related to HZMB 286

from the open-source library of Hong Kong Legislative Council by searching the terms: 287

Zhuhai . Consequently, it was obtained the raw documents listed in the figure 288

(shown in Appendix 2), which would be used for further data cleaning. 289

Given that unrelated contents to the project were found in the collected raw documents, we did a data 290

cleaning by extracting the paragraphs from the raw files with the keywords related to HZMB, ensuring the 291

high relevance between data and the project. As a result, we collected a total of 1748 official documents on 292

HZMB from 2003 to 2018, including the planning, construction, and handover stages. The number 293

distribution of collected documents is shown in the figure (shown in Appendix 3), which presents the 294

number of documents in each year. According to the classical literature of TOT modeling, the model is 295

proved to be valid from the mega dataset of State-of-Union Addresses to the medium dataset of email 296

collections, and the small dataset of conference proceedings, indicating the size of the dataset is not the 297

constraint of the validity of TOT model (Wang and McCallum, 2006). Therefore, the number of documents 298

in the case (1748) is adequate for the modeling research, which is also in line with the topic model research 299

by the similar size of the dataset (Jiang et al., 2016c). 300

4.2 Critical public concerns 301



Through TOT modeling, the 16-topic model was considered as the most valid model to interpret the 302

documents by the sensitivity analysis according to the topic coherence score shown in Table 3. Therefore, 16 303

topics on public concerns were explored, as presented in Table 4. Each topic has corresponding top 15 304

featured words that exhibited the highest relevance with the clustered topic, indicating the concept of the 305

topic. For instance, clustered topic 0 had lantau, which 306

represent the landing location of HZMB. Moreover, other words such as , ,  and 307

e  308

In light of the featured words, we interpreted the concept of each topic as follows: alignment, local 309

community, cooperation across governments, environment, immigration and custom service, operation on 310

cross-boundary traffic, local traffic in connective areas, local industry, operation on local traffic, urban 311

development, finance, construction, design, regional economy, and commercial development. The identified 312

topics represent the major public concerns in the project duration on HZMB from 2003 to 2018. 313

<Table 3. Distribution of coherences for different topic numbers> 314

<Table 4. Top 15 featured terms for each topic in the 16-topic model> 315

4.3 Trend of public concerns 316

Given the consideration of timestamp information in each document by the TOT model, a trend of 317

public concerns is detected, illustrating the dynamic patterns of each public concern in the project duration. 318

The trend of each public concern is shown in Figure 5. The figure reflects the average correlation probability 319

of the documents under each topic in the timeline derived from the document-topic probability matrix of 320

TOT results, reflecting the annual popularity of the topics in the dataset. Generally, public concerns could be 321

divided into three categories due to the various level of popularity for each public concern in HZMB. The 322



detected dynamic features can be explained with the development history of HZMB, which proves the 323

validity of the proposed stakeholder-associated topic modeling approach. The detailed interpretations are as 324

follows. 325

<Figure 5. The trend of public concerns in HZMB> 326

First, the most critical public concern is from the cooperation across governments (#2), which 327

attracts high popularity from 2008 to 2014. This period starts from the late planning stage to the early 328

construction stage. Given that the period is at the decision-making phase of HZMB, policies and agreements 329

are reached among three governments: Hong Kong SAR, Macao SAR, and Guangdong Province. Therefore, 330

the performance of governmental cooperation has received substantial public attention and become the only 331

hot topic among public concerns during the given period. 332

Second, environment (#3), local connectivity (#9), finance (#11), and commercial development (#15) 333

have received medium popularity among critical public concerns. Interestingly, all these four kinds of 334

concerns have received their peaks at the early and late phases of the project duration. First, the 335

environmental issues (#3) have become the focus when the worries of the adequate protection measures on 336

Chinese White Dolphin, one endangered species, have been raised among the public in the early planning 337

stage of HZMB. The issue resurfaces given that the project has been faced with the juridical review of its 338

environmental impact assessment that caused severe project delays in the early construction stage. Besides, 339

the concern of local connectivity (#9) is mainly from the residents in the neighborhood of the project. At the 340

beginning of the planning stage, the voice of simultaneous completion of local connectivity and HZMB has 341

been raised by local residents with the willingness to upgrade the less-developed road system within the 342

areas affected by the projects. However, the advocating voice turned to worries as the 343



construction of the local connectivity faced project delays when HZMB is close to completion. A similar344

situation related to commercial development (#15) has occurred, which raises public concern. Given that 345

Hong Kong is an advanced commercial city, one commercial development plan attached with HZMB called 346

has been proposed in the early planning stage, which has gained different opinions 347

from the public. However, the plan has faced fierce debate among the public due to the delay and the 348

technical difficulties at the late construction stage of HZMB. Furthermore, financial arrangement (#11) is 349

another critical public concern. The financial pressure caused by HZMB is widely discussed among public 350

in the initial planning stage, wherein the public worries have escalated due to the severe cost overrun of the 351

project at the end of the construction stage. 352

Third, besides the five groups of public concerns mentioned above, the other 11 types of public 353

concerns attract the third-level popularity, reflecting the dynamics of abundant concerns from the public. 354

4.4 Managerial map for public concerns 355

The managerial map of public concerns presents the information on the popularity and stakeholder 356

relevance for each public concern in three different stages: planning (2003 2009), construction (2010 2017), 357

and handover (2018). As shown in Figure 6, the managerial map is provided for decision-makers to learn the 358

management priority of public concerns in the development of HZMB with the  359

Besides, Figures 7 9 indicate the management priority of public concerns for a variety of project 360

stakeholders using the political groups, construction groups, and pressure 361

groups. The instructions on management priority would benefit decision-makers and project stakeholders to 362

understand the criticalness of public concerns and provide the management guide for public concerns in 363

future mega infrastructure projects. 364



<Figure 6. Managerial map of public concerns for decision-makers>365

4.4.1 Decision-makers366

Decision-makers overview the general stakeholder relevance for each public concern to understand 367

the stakeholder participation hereby determining the management priority based on the MPC-Map by the 368

strategy. In Figure 6, the stakeholder relevance in the x-axis represents the involvement level of 369

all project stakeholder groups listed in Table 2. According to the results in Figure 6, the management guide 370

for decision-makers in each project phase is discussed as follows. 371

4.4.1.1 Planning Stage 372

In the planning stage, one of the most critical public concerns in Zone One is cooperation across 373

regional governments (#2). Given that the political issues are sensitive to the success of mega infrastructure 374

projects (Flyvbjerg, 2014), government cooperation always attracts much attention from the general public, 375

especially in the cross-boundary transport project, which also influences the interest of stakeholders. Hence, 376

government cooperation is quite significant for maintaining a good working relationship among 377

governments across different regions and keeping the collaboration information transparent toward the 378

public. In response to the broad public and stakeholder focus on the governmental cooperation issue, 379

decision-makers need to disclose timely information to dismiss the public 380

made by authorities (Wu et al., 2019). The instant and transparent information are also recommended to be 381

disseminated by multiple accesses: press, websites, and social media (Li et al., 2012b, Leung et al., 2013), 382

which could benefit a wide range of stakeholders to receive the latest project progress under the political 383

level to make their corresponding preparations accordingly. 384

Another critical public concern in Zone One is environmental issues (#3). This study supports the 385



findings of the existing research on environmental issues, which are considered as an ongoing concern 386

among various stakeholders in the early site selection phase (Min et al., 2018). The environmental impact of 387

the project is a serious concern among the public, indicating the criticalness of early public participation in 388

the planning stage (Diduck et al., 2013, Herian et al., 2012). Therefore, the decision-makers are suggested to 389

build a widely accepted process for environmental impact assessment through the frequent public 390

consultations among project stakeholders (Liu et al., 2018a). Besides, the proper public petition mechanism 391

is also required to assist the local residents and green groups in conveying their worries and receiving the 392

feedback from the authorities (Xie et al., 2014).  393

Moreover, commercial development (#15) is a focal public concern in Zone Two with limited 394

stakeholder relevance. The primarily affected stakeholders on this issue are the government and local 395

residents. The precise explanation of positive local economic benefits has been proved to be useful to gain 396

public support (Tummers, 2011, Valentin et al., 2018). In HZMB, one proposal of the development of 397

commercial facilities was initiated by decision-makers in the project planning, which received the warm 398

welcome of local communities. 399

4.4.1.2 Construction Stage 400

In the construction stage, besides the three focal public concerns (government cooperation, 401

environment, and commercial development), another two public concerns have appeared in Zone Two: local 402

connectivity (#9) and finance (#11).  403

The local connectivity (#9) is introduced by the worries of local residents on the potential heavy 404

traffic pressures caused by the completion of HZMB, which escalated when it was closer to the project due 405

date. Since the expert power of technicians and scientists are capable of enhancing the trust between relevant 406



stakeholders (Leung et al., 2013), the decision-makers are suggested to invite professionals to communicate 407

with the local public to ease their worries.408

The financial issue (#11) is caused by the public doubts on financial viability facing the severe cost 409

overrun of HZMB. The number of relevant stakeholders is limited, including the government and 410

contractors. Hence, the focus group meeting is recommended to arrange between relevant stakeholders and 411

public representatives to achieve the collaborations and consensus in the process of applying additional bills 412

to continue the project (Rowe and Frewer, 2005). 413

4.4.1.3 Handover stage 414

In the handover stage, the top critical public concerns in Zone One include the local community (#1), 415

local industry (#7), custom and immigration affairs (#4), and design (#13).  416

As the project is getting closer to the operation, the realization level for the original planning 417

proposal has started to attract substantial public concerns, which introduces the reviews of the promised 418

economic benefits for the local community (#1) and the performance of project design (#13). The increase in 419

public attention has also exerted the pressure for all internal project stakeholders (contractors, subcontractors, 420

suppliers, and consultants) and the government to prepare for a proper explanation of the divergence 421

between the original planning proposal and the actual project toward the public. Therefore, decision-makers 422

need to establish sufficient public communication access (i.e., public hotline and public email) together with 423

all relevant stakeholders to respond to the complaints from the public instantly (Wang, 2001, Rowe and 424

Frewer, 2005). 425

Another two public concerns are relevant to the local industry (#7) and custom and immigration 426

affairs (#4). The two issues are referred to the technical arrangements of operational management for HZMB. 427



Therefore, the roundtable negotiation meeting has the potential to address the concerns by inviting all the 428

relevant professionals and public representatives (Xie et al., 2019).429

<Figure 7. Managerial map of public concerns for political groups> 430

4.4.2 Political Groups 431

Political groups hold various political powers in the council system of Hong Kong, including 432

legislative council, district council, the ruling party, and the opposition party. In Figure 7, the stakeholder 433

relevance in the x-axis represents the involvement level of the abovementioned four political groups. 434

According to the results in Figure 7, the management guide for political groups in each project phase is 435

discussed using the N strategy. 436

Compared with the general stakeholder relevance shown in Figure 6, the concern of local 437

connectivity (#9) moves from Zone Two to Zone One in the planning stage, as shown in Figure 7. Thus, the 438

issue of local links has become one of the most critical public concerns for political groups. The 439

development synchronization of local transport systems connecting the HZMB with other urban areas of 440

Hong Kong is one of the significant issues fiercely debated among various political groups. The issue has 441

heavily influenced the final pass of bills related to the project in the planning stage. Therefore, the 442

public-participated advisory committee is recommended to be founded by inviting different political groups 443

and the representatives of local communities to boost the satisfactory development plan of local connectivity 444

with the planning of mega infrastructure projects (Plummer and Taylor, 2013, Webler and Tuler, 2006). 445

The public concern on the local industry (#7) is located in Zone Three with the highest stakeholder 446

relevance in the construction stage, which makes it the only critical concern located in Zone One in the 447

handover stage. The criticalness of public concerns on the local industry is also validated by the 448



development history of HZMB. The local industry, which mainly refers to the logistics and tourism industry, 449

is a significant issue in the council, given the economic benefits brought by the construction of HZMB in 450

Hong Kong. Therefore, the council has been regularly debating the proposed policies on the development of 451

the local industry. The debate among political groups is initiated at the start of the construction stage and 452

intensified at the handover stage when the project is getting closer to completion and operation. As shown in 453

Figure 7, the issue of the local industry attracts less public attention in the construction stage before it 454

becomes a hot topic among the public in the handover stage. Thus, the construction stage would be a 455

suitable period to hold the roundtable negotiation forums between political groups and the representatives of 456

relevant local industry (i.e., logistics, tourism) (Xie et al., 2014), for reaching the acceptable agreement 457

among relevant stakeholders concerning the development strategy of local industry. 458

<Figure 8. Managerial map of public concerns for construction groups> 459

4.4.3 Construction Groups 460

Construction groups are composed of different participants who are directly involved in the 461

construction work of HZMB, including contractors, consultants, subcontractors, suppliers, and workers. In 462

Figure 8, the stakeholder relevance in the x-axis represents the involvement level of the abovementioned 463

five construction groups. According to the results in Figure 8, the management guide for construction groups 464

in each project phase is discussed by the N strategy. 465

The public concern of design (#13) has great relevance to construction groups, which is located in 466

Zone Three, with the highest stakeholder relevance during the planning and construction stages. The public 467

popularity of the project design dramatically increases in the handover stage, causing the issue to move to 468

Zone One. The mapping result reflects the close correlation between construction groups and design issues, 469



given that the project design is highly relevant to the behavior of construction groups in the project (Zhao et 470

al., 2016). Less public attention to design issues in the planning and construction stages would not disturb 471

the activities of construction groups. However, the result indicates that the construction groups should still 472

pay special attention to public doubts on design issues in the handover stage. When the mega infrastructure 473

project is close to the operation, the performance of design becomes a focal issue in the media, attracting 474

mass attention among the general public. In the handover stage of HZMB, the media report of some design 475

errors, such as the unexpected movement of the seawall and falsification of the cement report, has raised 476

severe public concern toward the construction groups. Thus, the active feedback of negative news and 477

reports to the public is essential for construction groups to ease public worries (Wu et al., 2019). Besides, the 478

public exhibition of project achievements, such as the awards and new records gained by project design, is 479

recommended to be held to improve the civic pride on the project (Xie et al., 2019). 480

Another interesting finding is from the construction issue (#12), which is located in Zone Four and 481

considered the least critical issue for construction groups in the planning and construction stages. The 482

technical professions of construction issues cause less public attention (y-axis). The general public would 483

not focus too much on construction activities due to their lack of engineering knowledge. Moreover, the 484

public tends to blame the decision-makers rather than the construction groups concerning poor construction 485

performance (i.e., cost overrun, time delay), which leads to the low relevance between construction issues 486

and construction groups in the x-axis of the map. In the view of public concerns, the result indicates that the 487

general public does not heavily influence detailed construction activities. However, the construction issue is 488

still a critical concern for construction groups, given that the technical difficulties are the significant features 489

of mega infrastructure projects (Flyvbjerg, 2014).  490



<Figure 9. Managerial map of public concerns for pressure groups>491

4.4.4 Pressure Groups492

Pressure groups are composed of external stakeholders who pose political oppositions on the project, 493

including environmental groups, fisherman associations, local communities, and media(Li et al., 2015a). In 494

Figure 9, the stakeholder relevance in the x-axis represents the involvement level of the abovementioned 495

four pressure groups. According to the results in Figure 9, the management guide for pressure groups in each 496

project phase is discussed by the N strategy. 497

In the planning stage, the construction (#12) and design (#13) issues (Zone Three) are the two 498

concerns with the highest stakeholder relevance of pressure groups in the managerial map. The pressure 499

groups are afraid of the disturbance brought by the construction of mega infrastructure projects (Li et al., 500

2012a). Hence, they emphasize the significance of protection measures into the project design and 501

construction to diminish various adverse effects. In HZMB, the pressure groups have negotiated with 502

decision-makers in a variety of social disturbance issues caused by the construction and design, including 503

the noise led by the coming construction works and the inadequate technical measures to protect the 504

involved marine life in the project design. Hence, pressure groups are encouraged to arrange several rounds 505

of public consultation and polling with decision-makers to convey their worries and demands to improve the 506

quality of design and construction (Norton and Hughes, 2017, Xie et al., 2019). Furtherly, the construction 507

(#12) and design (#13) issues are placed in Zone One in the handover stage because of the review of project 508

performance led by pressure groups. The public-participated evaluation team is advised to build for the joint 509

work between decision-makers and pressure groups to analyze the performance of project execution and 510

urge the authorities to make up for the shortcomings timely (Wang, 2001, Xie et al., 2014). 511



Another finding is the issue of cross-boundary traffic arrangement (#5), which is located in Zone 512

Three in the construction stage and upgraded to Zone One in the handover stage. The result indicates that the 513

issue of the operational arrangement of mega infrastructure projects has already received full attention 514

among pressure groups in the construction stage, although not acquiring much public focus. In HZMB, the 515

arguments on whether the cross-boundary traffic should be right-driving followed by mainland regulation or 516

left-driving maintained with the Hong Kong regulation have already been discussed by media in the 517

construction stage. In the same period, the worries of gas-emission caused by heavy cross-boundary traffic 518

after the completion of HZMB have been presented by local communities and environmental groups. Before 519

these arguments escalate as major public concerns in the handover stage, public hearings and consultations 520

are recommended to organize in the construction stage to address the conflict of operational arrangement 521

between decision-makers and pressure groups (Boudet et al., 2011, Webler and Tuler, 2006). 522

5. Managerial contributions and Implications 523

5.1 Contributions for stakeholder management on public concerns 524

This study provides a method for decision-makers to undertake stakeholder management on public 525

concerns in mega infrastructure projects with exploring knowledge from unstructured official project 526

documents. Around the public concerns, the proposed dynamic stakeholder-associated topic model (DSTM) 527

benefits the decision-makers to identify stakeholder issues, assess the stakeholder relevance, and obtain the 528

stakeholder management strategies (shown in Figure 10). With the database of unstructured official text 529

documents in the mega infrastructure projects, the decision-makers first use the method of TOT modeling to 530

identify the critical public concerns and their dynamic patterns automatically. Then, a scoring system is 531

provided for decision-makers to assess the relevance between project stakeholders and each public concern 532



in the timeline. Finally, the managerial map for public concerns is presented for decision-makers to conduct 533

the stakeholder management in each project phase534

-makers to determine the managerial priority of public concerns, 535

while  536

<Figure 10. The framework of Stakeholder management on public concerns > 537

5.2 Implications for project stakeholders on managing public concerns 538

The managerial implications (shown in Figure 11) are summarized based on the interpretations of 539

research results, which provides the reference for project stakeholders on managing public concerns in the 540

future mega infrastructure projects. The implications (shown in Figure 11) benefit project stakeholders from 541

three aspects. First, it indicates the critical public concerns for stakeholders in each project phase, as all the 542

included concerns are allocated in the first and second criticalness zones based on 543

approaches. Second, the management strategies are proposed for stakeholders to address the challenges 544

brought by public concerns with effective public involvement methods. Third, the precautionary measures 545

are highlighted for stakeholders based on the dynamic analysis of the managerial map, as the corresponding 546

concerns may attract much more public attention and critics in the later project phase. For instance, the 547

roundtable negotiation forums on the development of the local industry are suggested for political groups to 548

arrange in the construction stage, before the concern would upgrade to Zone One in the handover stage 549

stated in 4.4.2. A similar precaution is also provided for pressure groups on the public concern of 550

cross-boundary traffic arrangements. With the precautionary intervention, the implication is helpful for 551

stakeholders to manage public concerns in advance. 552

<Figure 11. Managerial implications for project stakeholders > 553



6. Conclusion554

Efficient dynamic analysis is a bottleneck of studies on public concerns. Thus, the present study 555

proposes a DSTM approach to fill the gap by using longitudinal text data from the official project 556

documents. The proposed method is composed of three modules. First, the TOT model identifies critical 557

public concerns and automatically tracks its trend within the development of mega infrastructure projects. 558

Second, a stakeholder relevance scoring system is used to assess the relationship between public concerns 559

and project stakeholders in each time point of the project duration. Third, a managerial map of public 560

concerns is developed based on concern trend and stakeholder relevance derived from the first and second 561

modules in three different stages of the project. According to the managerial map, determining the 562

management priority strategies is beneficial for decision-makers and 563

project stakeholders when facing various kinds of public concerns. 564

Through the case study with HZMB, 16 critical public concerns have been identified, wherein the 565

popularity trend of each public concern is tracked. The trend has revealed that the cooperation among 566

governments has the highest public attention during the decision-making period. In contrast, public concerns 567

on the environment, local connectivity, finance, and commercial development have two peaks of public 568

popularity in the early and late stages of the project. All the dynamic patterns are proved by the development 569

history of HZMB, which validates the effectiveness of the DSTM approach. Moreover, the managerial maps 570

are provided for decision-makers, political groups, construction groups, and pressure groups to further 571

understand the management priority of public concerns in three different stages of HZMB: planning, 572

construction, and handover. 573



The present study has two significant contributions. First, a new method is proposed to generate the 574

managerial map by detecting the dynamic patterns and stakeholder relevance of public concerns from large 575

quantities of unstructured text documents in mega infrastructure projects   576

strategies are proposed to manage public concerns in three stages during the project duration in mega 577

infrastructure projects considering the concern popularity and stakeholder relevance. Therefore, the DSTM 578

approach realizes the dynamic public concern analysis for decision-makers and project stakeholders from 579

identification to evaluation and management. The proposed method could be extended to further investigate 580

the experience of various mega infrastructure projects with open official text documents in different regions. 581

Moreover, the proposed method has a potential application on data available from news websites, social 582

network media, and other text sources, which can be used to further understand different public concerns 583

comprehensively. 584
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Table 1 Notations of the symbols in TOT

Symbol Description

T Number of topics 

D Number of documents 

 Number of word tokens in document d 

 The multinomial distributions of topics specific to the document d 

 The multinomial distributions of words specific to topic z 

 The beta distributions of time specific to topic z 

 The topic associated with the ith token in document d 

 The ith token in document d 

 The timestamp associated with the ith token in document d 



Table 2. 29 kinds of stakeholders

Stakeholder groups 

Hong Kong SAR Central government Macao government Guangdong Province Shuttle operator

Zhuhai government Coordination group HZMB Authority District council Tender 

Legislative Council Ruling Party Opposition Party Court Aviation 

Contractor Consultant Subcontractor Supplier Immigration 

Worker Environmental group Local community Fishermen Insurance 

Logistic industry Tourism industry Media Hong Kong Citizen  



Table 3. Distribution of coherences for different topic numbers

Topic Number 10 12 14 16 18 20 22 24

Average Coherence -48.5053 -48.9602 -51.1143 -47.1811 -51.8116 -48.1022 -48.8801 -49.1057 



Table 4. Top 15 featured terms for each topic in the 16-topic model

Topic Concept Feature Words 

#0 alignment align, lantau, passing, hope, improv, facil, clearance, infrastructure, engine, delay, transport, plan, tunnel, 

environment, financ 

#1 local community commun, western, infrastructure, control, demand, tuenmun, hksar, preliminary, mainland, macao, arrang, 

direct, plan, develop, transport 

#2 cooperation across 

governments 

volum, invest, expedit, expediti, reach, nwnt, agreement, examin, coordinationgroup, 

environmentalimpact, competit, contribut, integr, corridor, economicbenefit 

#3 environment environmentalimpact, eastern, cargo, integr, judgment, contribut, economicbenefit, competit, corridor, 

examin, landfall, mitig, reach, cheklapkok, cooper 

#4 immigration and custom 

service 

control, boundary, tuenmun, plan, environ, problem, increase, hksar, develop, transport, territory, 

environmentalimpactassess, commun, enhance, cost 

#5 operation on cross-

boundary traffic 

road, airport, region, feasibl, traffic, investing, cross, implement, land, future, improv, island, passing, 

highway, progress 

#6 local traffic in 

connective areas 

rail, flow, benefit, tungchung, technic, passing, infrastructur, promot, demand, origin, vehicle, increase, 

lantau, commenc, region 

#7 local industry service, termin, flow, site, highway, park, investing, time, legal, marin, environment, facil, control, 

problem, align 

#8 operation on local traffic rail, oper, highway, local, complet, future, increase, connect, hope, facil, toll, commenc, macao, cross, road 

#9 local connectivity north, opportune, viaduct, rout, railway, promot, local, time, toll, guangdong, tmclkl, tmwb, boundary, 

clearance, region 

#10 urban development lantau, time, mainland, commenc, align, vehicle, assess, environ, preliminary, origin, progress, oper, park, 

problem, complet 

#11 finance expenditure, cooper, viaduct, boundary, land, crossboundari, vehicle, oper, logist, enhance, rail, plan, site, 

preliminary, billion 

#12 construction construct, island, guangdong, origin, facility, control, mainbridg, develop, facil, cost, econom, manag, 

hope, design, preliminari 

#13 design design, assess, zhuhai, public, govern, local, estim, service, macao, hope, lantau, environment, commiss, 

enhance, commenc 

#14 regional economy public, strategy, connect, crossboundari, govern, cost, technic, infrastructur, site, region, arrang, territory, 

logist, vehicle, financ 

#15 commercial development shop, bridgeheadeconomi, cheklapkok, busi, advancework, eastern, facility, preliminary, infrastructur, 

strategy, tuenmuncheklapkok, econom, accid, commerci, hksar 































Figure 1. The framework of DSTM 

Figure 2. Graphic representation of the TOT model for Gibbs sampling  

 

Figure 4.  

Figure 5. The trend of public concerns in HZMB  

Figure 6. Managerial map of public concerns for decision-makers 

Figure 7. Managerial map of public concerns for political groups 

Figure 8. Managerial map of public concerns for construction groups 

Figure 9. Managerial map of public concerns for pressure groups 

Figure 10. The framework of Stakeholder management on public concerns 

Figure 11. Managerial implications for project stakeholders 

Appendix 1. The example of a database of legislative council records 

Appendix 2. The example of raw documents related to HZMB 

Appendix 3. The number distribution of collected documents from 2003 to 2018 




