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Abstract

:

During the tender phase of public construction projects in Portugal, documents that describe the project are mandatorily submitted to open data repositories. However, in their current state, most of these repositories do not allow for benchmarking analysis due to a lack of data treatment and cohesion. This paper seeks to diagnose the main trends during the public construction project’s tender phase by performing a descriptive statistical analysis on the Portuguese Public Procurement Database (PPPData), a database that compiles 5172 public procurement contracts in Portugal from 2015 to 2022, to respond to the research gap in construction procurement benchmarking. The results of this statistical analysis draw out the main trends, uncover which tender variables can influence budget compliance, and diagnose Portugal’s public procurement in terms of its geographical, temporal, financial, and performance dispersion. This paper concludes that the award criteria are not correlated with final project performance and that multifactor assessment criteria do not necessarily lead to better performance. High-value projects awarded solely with the price award criterion tend to perform worse than those awarded with the multifactor assessment. The study also identified frequent errors and omissions in construction reporting; thus, there is a need for error mitigation tools.
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1. Introduction


During the tender phase of public construction projects, the client issues documents describing the project to be executed. Bidders must consider the variables that affect the proposal, such as the base tender price (BTP), submission time, and award criteria, adapting their proposal to each specific project.



The award criteria in the procurement stage of a construction project may be defined in multiple ways concerning different factors, which mainly include cost, time, and quality, each with different weights. According to Article 74 of the Código dos Contractos Públicos (CPP), the contracting party can use either the lowest price criterion or the multifactor criterion, which foresees the allocation of a weight, usually expressed as a percentage, to each factor [1]. An example could be 50% technical suitability and 50% price, or 50% price, 45% technical suitability, and 5% duration [2]. Based on such factors, the client analyses each proposal and determines to whom to award the contract. The selection of the best-fitting criteria is crucial for clients and bidders as it defines how the project is formulated and determines its success [3,4]. Therefore, studying the effects of the tender’s variables on a project’s performance may help construction professionals to identify best practices when selecting the best bidder and proposal structure and improve the overall efficiency of the procurement process [5].



Previous studies have analysed the use of tender criteria in Portuguese public ventures but have not investigated the impact of these options on performance or the correlations between the other tender variables [2]. In this sense, this study aims to address the research gap surrounding construction procurement benchmarking by examining the influence of award criteria definition on project performance and identifying trends and correlations in Portuguese public procurement over an extended period.



Additionally, there has been growing interest in the architecture, engineering, and construction (AEC) sector to digitalise the tendering process with electronic bidding [6]. However, because of the cultural and technical characteristics of the AEC sector, extracting consistent information from reporting data is challenging, making data analysis more costly and inconsistent as it often depends on the individual performing it [7,8]. Due to this, the AEC sector currently suffers from a great scarcity of structured data publicly available in databases [9]. This shortage is an intensifying obstacle to implementing new methodologies in the sector that are already highly successful in other industries, such as machine learning [10]. Moreover, this scarcity contrasts with the intrinsic functioning of the AEC sector, which generates a high volume of documentation throughout the construction process [11]. In particular, public procurement and tendering procedures are some of the best-documented procedures in construction in Portugal since government institutions require public construction project participants to submit a set of data blocks for each project on open-source platforms [1]. However, the data quality, extraction, and consultation do not fulfil direct statistical analysis given that these platforms lack the treatment and systematisation of their data [7,8].



Databases with historical project data are vital for early-stage estimating and benchmarking as they allow for the comparison of diverse bidding analysis methods across many construction ventures [7]. Hence, aiming at solving this challenge is far-reaching for the construction sector [12].



Consequently, this paper seeks to identify trends and best practices in public procurement through a descriptive statistical analysis of 5172 contracts extracted from the following websites: Portal Base (PB) available in [13], the Portuguese national repository of public procurement procedures, and Diário da República Electrónico (DRE), available in [14], the official national gazette. These contracts, which are in an unstructured format on these government websites, have been processed, treated, classified, and structured in PPPData, an open-access database presented in [15]. By having access to procurement data, this study analysed various aspects related to construction procurement, such as construction project geographical and financial dispersion. Additionally, it enabled an assessment of the effects of recent economic initiatives and legal impositions, the influence of global and national economic fluctuations on the construction industry, and the impacts of award criteria selection and submission time on project performance.



This paper is organised into five subsequent chapters. Section 2 presents the research approach and the characteristics of the analysed data. Section 3 and Section 4 present the main correlations found between the contract variables. Section 5 discusses the main takeaways of this work, summarising the results found and providing the best practices for clients to implement during the procurement phase to enhance the performance of their projects. Finally, Section 6 concludes the study by highlighting the main conclusions and presenting future research paths.




2. Research Approach


Construction research approaches can be broadly classified as quantitative and qualitative methods [16]. Quantitative research emphasises data quantification and theory confirmation, while qualitative research focuses on words, contexts, and theory formation. Qualitative research approaches are generally perceived as more adaptable [17]. Considering the investigative character of this study, the qualitative method was deemed suitable for data collection. Following a similar process to [18], this paper utilises the research methodology to critically analyse public procurement in Portugal from 2015 to 2022. The analysis uses the PPP Data database, which contains Portuguese public procurement contracts with closing dates between 2015 and 2022, in both Portuguese and English versions [15,19]. The available dataset only covers this period because the data were scraped in 2022 and due to inconsistencies in the hyperlinks of tender notices stored in DRE and other tender data stored in PB from 2015 onwards. For this reason, the authors of PPP Data decided that it was not relevant to continue scraping information beyond 2015 since this would create too many contracts with missing information in the dataset. The dataset underwent manual refinement to ensure statistical analysis integrity. This process resulted in the removal of forty-two contracts: three outside the date limit (2015–2022), seven with significant deviations between initial and effective prices (EP) deemed erroneous (outside of the [10; 90] percentile interval), and 32 contracts classified as “Not Compliant.” These were excluded due to considerably lower EPs than the initial price (IP), indicating incomplete execution. Consequently, the final analysis included 5172 contracts from the original 5214. Despite the manual data treatment, there were still instances of missing data that may have impacted the analysis. However, it is highlighted that the dataset studied represents all public procurement contracts executed in Portugal and that these missing values offer valuable insights into the status of construction reporting. Distribution visualisations, association tests (such as the chi-square test), and comparison tests for paired samples (such as the t-test and the Wilcoxon test) were employed using Excel and SPSS statistics to identify trends in the variables under study. Subsequently, literature reviews were conducted to justify and support the observed patterns.



2.1. Data Variables


Each unique contract was characterised by 14 distinct properties in this study, taken from the PPPData database. These properties were organised into six thematic groups, as shown in Table 1. The subchapters also follow these six thematic groups, each presenting their respective statistical descriptive analysis of the collected dataset. Each subchapter begins with the calculation of descriptive statistics and the illustration of the distribution for the research variables, providing information about the contracts under study, summarising the characteristics of the collected dataset, and highlighting potential relationships between variables. Additionally, each property is further described in its respective subchapter.




2.2. Publication and Close Year


As illustrated in Figure 1, the collected dataset had contracts published from 2009 to 2022. The number of published contracts has increased over the years, with two exceptions: one in 2015, which had a slight decrease, and another more severe decrease in 2020. The trend for the increased number of contracts analysed can be attributed to the stabilisation and consolidation of the Portuguese economy. According to the Strategy and Research Office, there has been an upward trend in the gross value added in the construction sector, nearing the levels observed in 2005 by the year 2022. This recovery follows a notable decline in 2015 [20]. Furthermore, a comparison of the financial reports of Infrastruturas de Portugal, the largest public contractor in the country, between 2015 and 2022 reveals a clear upward trajectory in both the quantity and value of awarded contracts [21,22].



Conversely, the decrease in the number of published contracts from 2020 onwards is attributed to excluding contracts that are still in progress and have not been completed at the time of data aggregation. Another possible reason for the decrease in published contracts is the impact of the COVID-19 pandemic. The precautionary measures and restrictions imposed during the pandemic limited on-site operations, which significantly reduced construction sector activity, affecting the submission and conclusion of contracts [23].



From Figure 1, it is also possible to verify the distribution of the number of closed contracts for each year, with the dataset including contracts with a closing date ranging between 2015 and 2022. Since 2017, there has been an upward trend in the number of closed contracts within the PB, except for 2022, since the data-gathering process was conducted before this year’s completion. This trend indicates that, over the years, users have completed more procedures correctly within the PB, which suggests an improvement in well-structured data stored on the platform and increased user awareness.



User awareness is crucial regarding data integrity; industry support programmes, such as Portugal 2020, which financially supported PB, may indicate an improvement in stakeholders’ understanding and engagement in submitting projects [24]. Still, there are instances where users fail to properly close the procedure in the PB’s database upon completing a project. This submission delay results in a loss of meaningful information about the contract closure. As such, the project’s closing date in this database indicates when the final information about the project was submitted, not its completion date. Therefore, using this platform, it is impossible to understand a project’s performance concerning the fulfilment of the execution deadline. This analysis found that 5125 contracts had complete information regarding the closing and publication years.



Moreover, the leveraging of available European funds for regional development in the country may explain the fluctuations in the number of contracts submitted to PB over the years. The introduction of new fund programs leads to a surge in the number of public construction projects that must be forwarded to PB [25,26].




2.3. Region


Figure 2 showcases the ventures’ regional distribution for contracts closed between 2015 and 2022. As expected, the regions with the highest population had significantly more public procurement contracts executed. Porto and Lisbon stood out, with 720 and 709 projects, respectively. These numbers are over 200 projects higher than the third district: Aveiro, with 492 contracts. The top five districts were rounded off by Braga and Faro, both with 367 contracts. The remaining regions in decreasing order were Setúbal (260), Viseu (240), Vila Real (234), Leiria (213), Coimbra (206), Santarém (182), Azores (171), Viana do Castelo (152), Beja (136), Portalegre (135), Guarda (112), Bragança (106), Castelo Branco (81), Madeira (79), and Évora (58). Finally, 120 contracts had a missing region variable.



The distribution of contracts by district reaffirmed the statistical finding that Portugal ranks third in the European Union regarding local authorities’ limited involvement in public spending [27,28]. Despite ongoing decentralisation programmes initiated in 2015 to align with the average levels of the EU, there remains a prevailing trend of public works primarily taking place in metropolitan and coastal regions [29]. According to OECD’s report on decentralisation efforts in Portugal, the process is still ongoing and faces challenges, such as addressing the role of inter-municipal cooperation and managing the volatility of some of the municipal tax bases [30].




2.4. Submission and Execution Deadlines


Submission time can be an important factor in making a reasonable bid for a tender as it restricts the time companies may consider their bid. As observed in Figure 3a, 4874 contracts were identified with this deadline information, meaning 298 had it missing. Focusing on the valid cases, it was found that the average time given to bidders for their proposal submission was approximately 24 days. Clients most often required 30 days to make their submission, with 75% of all contracts taking less than a month. The submission deadline ranged from 1 to 156 days.



The EU procurement directive sets different deadlines depending on the type of procedure. What is observed is that most public authorities either adhere to the legally prescribed deadlines or opt for extended periods to accommodate the bidding process [31].



Regarding the execution time, as shown in Figure 3b, all 5172 contracts had this information specified. On average, the projects had an execution time of approximately 153 days. Concerning the mode, projects with 120 days of execution time were the most frequent. A total of 75% of all contracts were below 270 days of execution, i.e., most public projects executed in Portugal between 2015 and 2022 did not reach one year of duration. Moreover, the execution deadline among the projects of this dataset ranged from 9 to 1095 days. The analysis of execution time statistics for construction projects in Portugal revealed a substantial number of small-scale projects. Hence, it can be inferred that most public procurement in the country comprises such projects.




2.5. Award Criteria


Regarding the award criteria, 2321 projects used the price criterion, which amounted to 44.9% of all contracts. The multifactor assessment criterion was used in 1281 contracts (24.8%), while 1570 contracts (30.3%) had a missing award criterion. As such, the dataset showed a strong preference for using the price criterion over the multifactor criterion, which considers other factors such as time and work quality (measured in multiple ways).



The considerable quantity of contracts lacking award criteria poses limitations on the analysis of their impact and further underscores the argument made in the Introduction section regarding the insufficient information available in construction sector databases. Thus, it is essential to acknowledge the presence of missing information throughout this analysis and its implications.



Table 2 presents the descriptive statistics on the price weight in multifactor classification statistics. Of all contracts, 3602 (2321 + 1281) had a weight given to the price factor, meaning that all contracts with award criteria included a price factor. The average weight given to the price factor in these contracts was approximately 85%, while the mode and median were 100%. The range of this weight ranged from 5% to 100%.



Most of the contracts awarded by the multifactor criterion continued to give significant weight to the price factor. As shown in Table 2, the mean weight for the price factor in multifactor classification awarded contracts was 58.2%, while the mean and median were 60%. In fact, in multifactor assessment projects, 337 gave the price a weight between 70% and 95%, 707 gave it a weight between 40% and 70%, and 237 gave it a weight between 0% and 40%. Thus, it can be concluded that price is still the most significant factor in selecting the best bid, even in multifactor assessment tenders.




2.6. Price Variables


Table 3 presents the main descriptive statistics of the price variables: the BTP, IP, and EP. The IP can never be higher than the BTP and, as expected, the average BTP was higher than the remaining price variables, set at EUR 842,000 (USD 917,000). The data showed considerable variability in price, as shown by the high standard deviation and coefficient of variation across all price variables. Moreover, there was a significant skewness in the distribution of contracts, with a pronounced proclivity towards small-value projects.



The comparison between the average IP and EP gave further insight into the performance of construction projects. For instance, their value similarities suggested that, in most projects, the EP met the IP, the mean of the price difference was equal to EUR 611/USD 666 (with a standard deviation of EUR 87,125/USD 94,917), and the median was equal to EUR 0. Since these variables followed exponential distribution (that was not normally distributed), the t-test for paired samples may not have provided valid results when comparing their means. Thus, a Wilcoxon non-parametric test was conducted to compare the paired differences between observations and determine if there were significant differences among them. Since it evaluated the null hypothesis that the median of the differences was equal to zero and the result was a p-value = 0.394, the test revealed that the differences were not statistically significant (p-value > 0.05); thus, it can be considered that the EP and IP are, in fact, not dissimilar.



To avoid unfair comparisons between small and large projects, in terms of budget, it was decided to classify contracts according to the dimension of their IP. In fact, since large projects work with significantly larger amounts of money, a slip of several thousand USD may represent a small percentage of the total venture—the same cannot be said for a small project. To this end, three price classes were created:




	
Small-value projects (IP less than EUR 250 k/USD 272 k);



	
Intermediate-value projects (IP greater than EUR 250 k/USD 272 k and less than EUR 1 M/USD 1.1 M);



	
High-value projects (IP greater than EUR 1 M/USD 1.1 M).








Table 4 shows the distribution of contracts by each class, enabling a separate performance analysis for each interval and a better understanding of low- and high-value contracts. The chosen class limits were based on a simplification of the Portuguese system of qualifications for construction companies’ permits, referred to as “Permit Classes” [32].



Table 4 shows a high number of small- and intermediate-value contracts, respectively, 2406 and 2204, when compared with high-value contracts, 562. To this end, high-value projects accounted for only 10.9% of all contracts, contrasting with 46.5% and 42.6% for small and intermediate works, respectively.




2.7. Performance


A comparison of the IP and EP of contracts allowed for an assessment of project performance. The price difference (=IP − EP) indicated whether the EP exceeded or fell short of the IP, with negative differences indicating exceeding and positive differences indicating compliance. The price proportion was obtained from the ratio between the EP by the IP. If a value exceeded 100%, the EP exceeded the IP. Projects with an EP above the IP did not meet the contractually agreed-upon price and, therefore, did not comply with the expected financial performance.



Table 5 shows that the average price difference exhibited a slight slippage for the projects in this dataset. The mode value confirmed that most projects complied with the IP. The same trend can be observed in the statistics of the price proportion. The low standard deviation and distribution of the dataset indicate minor price deviations, suggesting that most projects successfully adhered to the contractually defined requirements.



Moreover, there were values for these variables that were notoriously out of range for construction. The low value for the minimum price proportion (10.27%) indicated that only 10% of what was initially planned was spent on a project. Like all the others in this dataset, this contract was closed under a complete fulfilment of the contract classification, making these cases odd occurrences. Without further information, it is impossible to determine the cause for such a large discrepancy between the IP and the EP. In these cases, it is possible only to speculate on the quality of the data inserted into the PB. These occurrences affect the performance classification of contracts in this article since this classification was conducted according to the price difference in percentages.



Additionally, a classification was given to each contract to access its financial performance. As with the IP categories, the following three classes were created to sort contracts according to their performance:




	
Price Compliance: contracts in which the ratio between the EP and the IP was above 105%;



	
Price Spill: contracts in which the ratio between the EP and the IP was 95% and 105%;



	
Price Savings: contract in which the ratio between the EP and the IP was below 95%.








The need to use this classification to evaluate a project’s performance arose from the difficulty in deciding the slippage size that justified classifying a project’s performance as negative or in conformity. This is because the amount of funds and resources moved by high-value projects is incomparable with that of small-value projects.



According to this classification, a large part of the contracts, 70.5% (3644), complied with the price. Regarding the extreme cases, there were more projects with slippage in price, approximately 16.4% (846), compared to the 13.2% (682) of contracts that saved money. These values indicated a positive result for the correct execution of works and contract compliance in Portugal.





3. Association and Relationships between Contract Characteristics


This chapter presents a discussion and analysis of the relationships and associations between some variables.



3.1. Publication and Close Year


Through the graphs in Figure 4, it is possible to observe the variation in the number of published and closed public contracts in the seven regions of Portugal with the most contracts per year during the period under study. Published contracts have increased over the years. Porto and Lisbon have changed leadership throughout the years, with Lisbon publishing more projects since 2018. In 2014 and 2016, users opened more projects in Aveiro than in Porto; the same was true in 2017 when Aveiro overtook Lisbon. These were the only occasions when another region other than Porto or Lisbon shared first and second place. Additionally, in 2018, the district of Faro overtook Aveiro in the top three regions with more published articles.



Regarding the closure of contracts by region in Portugal, since 2017, there has been a trend towards an increase in the number of closed contracts. Also, this analysis found that Porto and Lisbon had changed their leadership. Third place has been occupied exclusively by Aveiro, with two exceptions: in 2019, when Faro led the country, and at the beginning of 2022. In 2015, an atypical year, the top three were Porto, Aveiro, and Viseu.



The relationship between publication and close years and the award criteria shows that the percentage of contracts with missing award criteria has decreased over time. According to the PB, the loss of hyperlinks between the tender notices published in the DRE, which includes details about the award criteria, and the remaining data found in PB can be attributed to updates on the DRE website that are not synchronised with the PB, resulting in instances of missing information. In fact, in 2015, the number of contracts closed with missing award criteria was almost 90%. This number has reduced to approximately 19% and reached a minimum level of 15.2% in 2020. In the last five years, the average percentage of contracts with missing information was 16.7%.



The percentage of contracts using price criteria has increased over time. According to the number of contracts closed, the number of contracts using price criteria has increased from 44.1% in 2016 to 60.6% in 2022. As for contracts that used the multifactor criterion, the same has not occurred. These types of contracts had a peak between 2017 and 2018 at 35% and 38% and have been slowly decreasing, averaging 24.8% of representativeness between 2020 and 2022. This dominance in the number of contracts using the price criterion can be justified by the increase in small-value contracts submitted to the platform in recent years.



The relationship between publication and close years and the IP class reveals that the submission of small-value contracts has increased over time. This trend may indicate a greater awareness among public procurers who undertake more minor projects to submit public contracts on the platform.



The representativity of high-value projects has decreased from 24.6% in 2016 to an average of 7.2% over the last five years. The downward trend for high-value projects has also occurred for intermediate-value projects, which obtained an average of 50.3% in the first four years, and shifted to an average of 38.3% in the last four years. Over the previous three years, the split between the three categories has remained at approximately 57/36/7.



Regarding performance over time, Figure 5b shows that the percentage of contracts in which there was slippage in price decreased and the opposite trend was verified for projects that saved financially.



In fact, in the first four years of analysis (2015 to 2018), approximately 9% (8.1–10.3%) of annual projects did not come close to the IP and approximately 16% (14.9–17.4%) of yearly projects had savings.



This paradigm has changed in the last four years (2019–2022), where failed contracts have increased in representativeness to 21.3% on average and contracts with funding savings have decreased to 11.7% on average. Moreover, there was a distinctive peak in 2022, with 32% of contracts failing, perhaps caused by the inflation felt in the global economy. Additionally, the number of contracts that met the contractually stipulated price also changed in averages from 2015 to 2018 (75.3%) compared to the last four years (67.1%).




3.2. Submission and Execution Deadline Effects on Performance


The boxplot from Figure 6a highlights that the submission deadline does not affect a project’s performance as the distribution of the submission days stays almost the same for all performance classes. Previous studies claimed that contractors with more time and documentation could perform more accurate cost estimations [33]. This, in turn, increases the likelihood of these companies submitting lower bid prices, ultimately enhancing their chances of winning the contract [34]. However, this study’s data show that increased submission times are not directly correlated with improved performance.



Concerning the correlation with execution time, Figure 6b shows that short-term projects achieved slightly better results than long-term ones in terms of meeting budgets. However, this correlation is too tenuous to confirm a correlation between the variables.




3.3. Region Relationship between IP Class, Award Criteria, and Performance


The region with the highest proportion of high-value projects was Beja, with 31.6% (the only one above 30%), followed by Évora (24.1%) and Azores (21.1%), both over 20%. Involving the same IP category, the smallest proportion was found in Castelo Branco, with 3.70%, followed by Faro (4.1%) and Guarda (4.5%).



Considering intermediate-value projects, the autonomous region of Azores led all regions, with 56.7%, followed by Santarém, Madeira, Viana do Castelo, and Bragança with over 50% of the intermediate category. With 33.3%, Vila Real was the region with the lowest proportion of intermediate-value projects, followed by Aveiro (35.6%) and Faro (37.6%).



Finally, the regions with the highest proportion of small-value projects were Vila Real (61.1%), the only one above 60%, followed by Faro, Leiria, Lisbon, Aveiro, and Setubal with over 50%. Conversely, the Beja, Azores, and Madeira regions registered less than 30% of small-value projects.



The proportion of high-value projects was more significant in regions with fewer contracts, such as Beja, Évora, and the autonomous regions of Azores and Madeira. It is relevant to state that one of the reasons for the discrepancy in the proportion of high-value projects in relation to smaller ones may be due to the lack of reporting of small-value contracts by public contractors, who, despite having an obligation to submit the projects, may sometimes fail to do so due to different reasons such as insufficient staffing and lack of technical or technological resources.



With respect to the award criteria, the regions with greater use of the price criterion were Vila Real, the only one above 70%, followed by Leiria and Faro, both above 60%. In the opposite direction, the lowest proportion was found in Azores, Viana do Castelo, and Évora. However, in the case of Azores, the proportion of contracts with missing award criteria was much higher when compared to the distribution of criteria in the last two regions, which influenced this statistic.



Furthermore, regarding the multifactor assessment criterion, the regions that used this criterion the most were Viana do Castelo (46.7%), Évora, and Setúbal. Conversely, Madeira did not have a single project with the multifactor assessment criterion. Next, the region that made the least use of this criterion was Leiria, with 4.3%, followed by Santarém, Vila Real, Coimbra, Portalegre, Viseu, and Faro, all with less than 15%.



Lastly, the regions with the most contracts with missing information were Beja, Azores, and Madeira (49.4%). All regions experienced more than 15% of the contracts missing award criteria information, hitting at the data sourcing problem introduced at the begging of this paper. Despite a substantial amount of literature on decision analysis approaches for making value-based decisions, it has been highlighted by [35] that the current public procurement practice and practitioners lack awareness of this body of knowledge. Vila Real was the region with the most complete information as only 16.2% of its contract had missing award criteria.



Concerning the performance of projects per region of Portugal, Madeira was the region that obtained the best performance, that is, the one that had the lowest percentage of projects that slipped in price.



However, the small number of projects executed in the Madeira archipelago may undermine this statistic. After Madeira, Beja (8.8%), Portalegre (8.9%), and Leiria (9.4%) all had a percentage below 10% of contracts with financial slips. The worst performing regions were Setubal, Guarda, Castelo Branco, and Santarém, with over 20% of the projects sliding financially. Viseu, Coimbra, and Braga witnessed over 20% off the project saving in the contractually agreed price.




3.4. Association between Award Criteria and IP Class


Concerning the relationship between the IP category of the project and the award criteria, Figure 7 shows a relevant association where, as the economic dimension of the project gets bigger, the price award criterion usage drops. In contrast, the multifactor criterion increases its use from small-value projects, which is 20.3%, to intermediate and high-value projects, between 26% and 29%.



Strangely enough, the greater the value of the venture, the greater the number of contracts with the omitted award criterion.



Furthermore, a Chi-square test performed to test the association between these two variables showed a significant inverse association since the asymptotic significance was smaller than 0.05 (<0.01). This test confirmed that choosing award criteria depends on the financial dimension of the projects. However, Cramer’s V coefficient value of 0.25 described the strength of this association as low.




3.5. Association between Award Criteria and Performance


At the outset, it could be considered that a tender with an award criterion that considers different factors would be more analytical and yield better results when compared to a tender where the award is solely decided through the price of the tender. However, as shown in Figure 8, this dataset confirms that there is not a sufficiently relevant association to state that one or the other award criterion yields better results.



Similarly to the previous subchapter, a chi-square test was performed to check for an association between these variables. The results indicated that the performance of the project was not significantly associated with the selected award criteria, as evidenced by the asymptotic significance (0.304). Additionally, the Cramer’s V coefficient value of 0.026 suggested that this association, if present, is minimal. Thus, it can be concluded that the relationship between these variables is not considered relevant. Moreover, it is highlighted that the high number of missing award criteria may have affected the findings gathered from the association between these two variables.



This tendency reinforces the argument stated by [36] about widely used tender evaluation models based on scoring formulas such as the multifactor assessment in Portuguese tendering. The study identified that current evaluation models struggled to capture the preferences of the procuring authority and that the assessment of weightings for award criteria neglects the measurement levels of the criteria, leading to ambiguity in weight definition. Lastly, the study confirmed that relative scoring formulas do not allow bidders to make informed judgments about their offers. These findings underscore the limitations of current tender evaluation practices, hindering the results of multifactor assessments in tendering.




3.6. Association between IP Class and Performance


Similarly to the relationship between performance and award criteria, the relationship between IP category and performance also does not allow one to distinguish one category of projects as better performing than the others. As shown in the bar chart of Figure 9, all the IP categories had very similar proportions of failure, compliance, and savings.




3.7. Association between Criterium Class and Performance


Regarding the effect of the weight given to the price factor on the proposals, represented by the criterium class, on the outcome of the projects, as shown in Figure 10, the class that achieved the best performance was the 0% to 40% class. This class outperformed the others by 5% fewer projects with price slips. Next, the 70% to 95% class was the second-best performer, followed by the 95% to 100% (price award criteria) and 40% to 70% classes.



Additionally, the latter was the most inconsistent. In fact, despite it witnessing more than 20% of the project sliding financially, it also achieved 12% of price savings, only behind the price award criteria.





4. Analysis Per IP Class of Projects


Various factors, including the economic dimension, influence the structure of construction projects. This chapter examines the impact of award criteria and criterion class on project performance, specifically focusing on the IP class. The following questions are addressed:




	
Is there any criterion that performs better when a project is small/high in value?



	
Is there any weight of the price factor that performs better when the project has a smaller/higher value?








Concerning the small-value project from Table 6, the performance of award criteria was similar to the overall dataset. This class represented the largest IP class group, with 1939 projects below the EUR 250 k threshold, causing repeated performance indices across all award criteria, indicating no clear outperformer. However, the multifactor assessment demonstrated slightly worse performance than the price factor. Regarding the criterium class, as shown in Table 6, the 40% to 70% class performed the poorest. The 0% to 40% class performed the best, consistent with the overall dataset. The price factor and the 70% to 95% price weight class performed similarly, achieving more financial slips than the best-performing class but achieving more projects with price savings.



Conversely, regarding intermediate-value projects (Table 6), the price award criterion performed worse than the multifactor criterion, although the difference between the two was slight. Regarding the criterion class, the worst performer remained consistent with the overall dataset and the previous IP category. However, the price factor also showed inconsistency, with its performance decreasing by 2.5% compared to the previous class.



Finally, concerning high-value projects, Table 6 shows that the difference between the performance of the price award criteria and the multifactor assessment award criteria increased. Clearly, in high-value projects, the multifactor assessment criteria seemed to outperform the price criteria. Table 6 highlights a new trend where project performance decreases as the weight of the price factor increases in the award criteria.



Moreover, the 40% to 70% class increased its performance significantly. Despite this, it remained the most inconsistent class among all others.



The tendency observed in the analysis of the IP category indicated that in high-value projects, there must be a consideration of multiple factors for the tender procedure for the venture and that the same criteria do not apply to all types of projects.




5. Discussion


This paper conducted a descriptive statistical analysis of 5172 public procurement contracts closed between 2015 and 2017. Through the description and correlation between variables, it was possible to identify public procurement trends in public venture contracts in Portugal. Some of the patterns identified in the data showed surprising results and enabled the outlining of best practices for public procurement.



An example of these results is the overall good performance of the public works since more than 70% of the projects were within budget and 13% more had savings compared to the IP. Unexpectedly, using the price award criteria did not result in more non-compliant projects than using the multifactor award criteria. This can be attributed to the shortcomings of current tender evaluation models, which fail to accurately capture procuring authorities’ preferences and allow for vague interpretations of tender criteria weightings [36]. In fact, the use of the multifactor award criteria is only justified in larger projects (above USD 272 k) because it is only in these that a discrepancy between the performance of the two criteria was found, with multifactor criteria standing out the bigger the budget for the development became. Moreover, the tender evaluation method should objectively assess submitted bids. Procurement authorities can benefit from the use of well-structured multifactor assessment tenders as using non-price criteria in procedures can enhance competitiveness and foster the submission of tenders with innovative solutions [37]. To achieve better results, the weight of the price factor in multifactor assessment criteria should not be between 40% and 70% as multifactor assessment performed best when the price was higher than 70% or smaller than 40%. Lastly, this study also proves that the economic dimension of the project also affects the type of award criteria chosen by the client. Thus, the economic dimension should be considered for the award criteria definition.



Furthermore, while the submission deadline for a proposal is not directly correlated with a project’s performance, the most common practice is to set the deadline for 30 days. The EU procurement directive provides varying deadlines based on the type of procedure. It is observed that most public authorities either follow the legally prescribed deadlines or opt for extended periods to accommodate the bidding process [31].



There is an investment gap between the large urban centres like Lisbon and Porto, represented by a greater volume of developments, to the detriment of the primarily rural and depopulated interior regions, reflecting Portugal’s centralisation struggles. Additionally, most of the developments were of small or medium value, with more than 90% having a budget of less than USD 1.1 million. There was a wide variation between the budgets of the developments as the dataset included contracts ranging in value from a few thousand USD up to several million.



Moreover, there was an increase in the number of projects submitted to public procurement platforms and the quality of the information in these submissions, indicating increased clients’ awareness of the correct closing of processes. This increase in user awareness may be linked to national programmes that finance public procurement platforms and the consolidation of the Portuguese economy. However, the large percentage of contracts with missing award criteria and other errors and omissions demonstrates that the quality of the data submitted in public procurement platforms is still far from ideal as the architecture of these platforms is not optimal for data sharing and storage. This circumstance was a limiting factor in this study as it excluded several contracts from the dataset analysed.




6. Conclusions


This paper performed a descriptive statistical analysis of 5172 public procurement contracts, analysing trends in the public tender market from 2015 to 2022. The data originated from PPPData, a repository of public procurement contracts developed by [15] using data mining algorithms on two Portuguese public procurement platforms.



To this end, PPPData allowed for the performance of a comprehensive statistical analysis that would not be possible by consulting both platforms separately. Since previous works analysed and treated the acquired data, the present study focused on a more thorough investigation of its information compared to other existing studies in the literature focusing on this topic. As such, the results of this study present current tendencies in public procurement contracts, identifying the main trends and recommending best practices for structuring the selection criteria according to the type of venture. This statistical analysis shows the following:




	
Overall, the performance of construction projects in Portugal during the studied timeframe was positive.



	
Award criteria are generally not correlated with the final price of projects.



	
Multifactor assessment criteria do not necessarily lead to better performance compared to projects awarded solely based on the price factor.



	
High-value (i.e., above USD 1.1 million) projects exclusively awarded based on the price award criterion tend to perform worse than those awarded with multifactor assessment.



	
Contract execution is concentrated in coastal areas and major cities of Portugal.



	
There has been, in general, an increase in the number of contracts submitted to PB.



	
Granting extended submission deadlines does not guarantee improved financial performance of construction projects.



	
Errors and omissions in construction reporting are prevalent, leading to information scarcity in public tender repositories.



	
Public procurement data repositories play a crucial role in summarising and providing insights into project results.



	
Error mitigation tools and increased awareness of data submission accuracy are necessary for public procurement repositories.








These data draw valuable insights for bidders and clients in the tender process, enhancing requirements and efficiency. This paper contributes to bridging the knowledge gap by examining the influence of tender award criteria on project performance and providing a diagnostic analysis of Portuguese public procurement performance in recent years. It is important to note that contract modifications were not considered in this analysis, and further exploration is needed to understand their impact on the findings. Future studies should expand this analysis as the dataset grows, incorporating additional variables. Furthermore, the development of machine learning applications can leverage the findings of this study to predict project performance. These future studies will support algorithm functioning and decision-making processes.
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Figure 1. Contract publication per year (blue) and closed contracts per year (orange). 
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Figure 2. Distribution of the contracts per region in Portugal for contracts closed between 2015 and 2022. 
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Figure 3. (a) Submission deadline boxplot. (b) Execution deadline boxplot. 
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Figure 4. (a) Variation of the number of open contracts per region by year. (b) Variation in the number of closed contracts per region by year. 
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Figure 5. Percentage of published contracts (a) and closed contracts (b) per performance. 
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Figure 6. (a) Submission deadline per performance class boxplot. (b) Execution deadline per performance class boxplot. 
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Figure 7. Stacked bar chart percentage of award criteria by IP class. 
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Figure 8. Stacked bar chart relationship between award criteria and performance of the project. 
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Figure 9. Stacked bar chart relationship between IP category and performance of the project. 
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Figure 10. Stacked bar chart relationship between criterium class and performance of the project. 
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Table 1. Data Variables.






Table 1. Data Variables.





	
Variable Group

	
Variable Name

	
Brief Description

	
Variable Classes






	
1.

Publication and

close year

	
Publication Year

	
Year of publication in PB

	
-




	
Close Year

	
Year of closure in PB

	
-




	
2.

Region

	
Region

	
Place of execution of the project

	
-




	
3.

Deadlines

	
Execution Deadline

	
Deadline for completion of the project

	
-




	
Submission Deadline

	
Deadline for the acceptance of tender applications (bids)

	
-




	
4.

Award criteria

	
Criterium

	
Award criteria used to select the winner of the tender as stated in the tender documents

	
Missing, i.e., no specific criteria are described




	
Multifactor assessment




	
price




	
Criterium Class

	
Weight given to the price factor in the award criteria in percentages

	
[0–40]




	
]40–70]




	
]70–95]




	
]95–100]




	
5.

Price variables

	
Base Tender Price

	
Maximum amount which the client is willing to pay for the execution of the project

	
-




	
Initial Price

	
Initial contractually agreed price

	
-




	
Initial Price Class

	
Class given to the IP to grade the contracts

	
IP < 250 k €/272 k $




	
250 k < IP < 1 M €




	
IP > 1 M €/1.1 M $




	
Effective Price

	
Actual price at the end of the project

	
-




	
6.

Performance

	
Price Difference

	
Difference between the effective and initial prices

	
-




	
Price Proportion

	
Proportion between the EP and IP ((EP/IP) × 100%)

	
-




	
Performance Class

	
Class given to the result of the project

	
Price spill:

EP/IP > = 105%




	
Price compliance:

95% < EP/IP < 105%




	
Price savings:

EP/IP = <95%
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Table 2. Price weight in multifactor classification contracts.
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Price Weight in All Contracts with Award Criteria (%)




	
N

	
Mean

	
Median

	
Mode

	
Minimum

	
Maximum

	
Std. Deviation

	
Quartiles




	
25

	
50

	
75




	
3602

	
85.1

	
100.0

	
100

	
5

	
100

	
21.6

	
60.0

	
100.0

	
100.0




	
Price Weight in Contracts with Multifactor Classification (%)




	
N

	
Mean

	
Median

	
Mode

	
Minimum

	
Maximum

	
Std. Deviation

	
Quartiles




	
25

	
50

	
75




	
1281

	
58.2

	
60

	
60

	
5

	
100

	
13.7

	
50

	
60

	
70
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Table 3. Price variables statistics.
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Base Tender Price (EUR/USD)

	
IP (EUR/USD)

	
EP (EUR/USD)






	
N

	
Valid

	
5125

	
5172

	
5172




	
Missing

	
47

	
0

	
0




	
Mean

	
842,285/917,610

	
633,707/690,379

	
634,318/691,045




	
Median

	
334,000/363,870

	
270,106/294,262

	
271,389/295,659




	
Standard Deviation

	
2,695,513/2,936,573

	
2,066,590/2,251,405

	
2,062,120/2,246,535




	
Coefficient of Variation

	
320%

	
326%

	
325%




	
Minimum

	
7750/8443

	
3053/3326

	
3053/3326




	
Maximum

	
110 M/120 M

	
88,099,874/95,978,646

	
88,099,874/95,978,646




	
Quartiles

	
25

	
200,613/218,554

	
167,727/182,727

	
166,009/180,855




	
50

	
334,000/363,870

	
270,106/294,262

	
271,389/295,659




	
75

	
675,000/735,365

	
517,392/563,662

	
519,079/565,500
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Table 4. Distribution of contracts by IP class.
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	Small Value
	Intermediate Value
	High Value
	Total





	Frequency
	2406
	2204
	562
	5172



	Percentage
	46.5
	42.6
	10.9
	100.0
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Table 5. Performance variables statistics.
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Price Proportion (%)

	
Price Difference (EUR/USD)






	
N

	
Valid

	
5172

	
5172




	
Missing

	
0

	
0




	
Mean

	
100.2

	
−611.1/−666




	
Median

	
100

	
0




	
Standard Deviation

	
9.4

	
87,125.1/94,868.8




	
Minimum

	
10.3

	
−2,021,789.5/2,201,486.2




	
Maximum

	
279.7

	
1,824,950.9/1,987,152.5




	
Quartiles

	
25

	
98.6

	
−3878.1/−4222.8




	
50

	
100

	
0




	
75

	
101.8

	
4493.6/4893.0
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Table 6. Distribution of Award Criteria and Criterium Class Per IP Class Performance.
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IP Class

	
Performance Class

	
Award Criteria

	
Criterium Class




	
Missing

	
Price

	
Multifactor Assessment

	
[0; 40]

	
]40; 70]

	
]70; 95]

	
]95; 100]






	
Small value

	
Slip

	
13.3

	
16.0

	
19.2

	
10.4

	
22.4

	
17.6

	
16.0




	
Compliance

	
73.4

	
71.0

	
71.4

	
81.8

	
69.0

	
70.2

	
71.0




	
Saving

	
13.3

	
13.0

	
9.4

	
7.8

	
8.5

	
12.2

	
13.0




	
Intermediate value

	
Slip

	
14.8

	
18.5

	
17.2

	
11.6

	
21.0

	
14.3

	
18.5




	
Compliance

	
67.5

	
68.0

	
71.0

	
75.2

	
66.4

	
76.4

	
68.0




	
Saving

	
17.6

	
13.5

	
11.8

	
13.2

	
12.6

	
9.3

	
13.5




	
High value

	
Slip

	
12.4

	
27.3

	
16.9

	
12.9

	
16.1

	
25.0

	
27.3




	
Compliance

	
75.6

	
66.7

	
68.2

	
80.6

	
63.4

	
70.8

	
66.7




	
Saving

	
12.1

	
6.1

	
14.9

	
6.5

	
20.4

	
4.2

	
6.1
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