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Abstract

:

Analysis of the research productivity for any university is so important in order to raise its international ranking. Rankings offer universities evidence that the education they deliver is of high quality and top standard. A student’s level of dedication to their studies directly affects the outcome of their academic career. Sitting in on a lecture at a top-five rated institution is far less significant than actively contributing (engaging with classmates, doing research, etc.) at a top-50 ranked university. Using a SciVal dataset of 13 university entities across the Kingdom of Saudi Arabia over a span of 5 years (2017–2021), we conducted a scientometric study for three categories, namely Output (O), Impact (I), and Collaboration (C), incorporating a total of 18 features. The methodology for selecting universities in this research depended on selecting the best universities in the Kingdom of Saudi Arabia in terms of the number of published research papers and the number of citations. This article aims to forecast the pattern of development and shortcomings faced by researchers from around the country from 2017 to 2021. The dataset is evaluated at the university level with homogenized features termed as “Scholar Plot” (SP), a popular approach to maintain and encourage development at the individual level. It is concluded that variances in efficiency within each knowledge field are the major drivers of heterogeneity in scientific output. Disparities in quality and specialization play a lesser impact in influencing productivity differences. The measure of such disparities using the mean of the group’s significance is illustrated using a t-tests statistical approach.
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1. Introduction


During the past centuries, a huge gap existed between the literate and illiterate. The elite group was mostly among the ones able to read, write, and speak predominantly in English. Since the evolution of homo-sapiens over 300,000 years ago and the appearance of the first letter around 3500 BC, there has always been a focus on the writing ability [1]. Throughout history, this communication skill is often alluded to as a broad dissociation line between illiterates and literates [2]. However, these skills are not adopted by human beings naturally, learning them willingly or unwillingly through the society they are a part of. Many philosophers often refer to these skills as “artificial” [3] as they are developed untimely and unequally. Through an immeasurable effort put forward by educational societies to convert the illiterates to literates, the dissociation line is narrowed considering the learned communication skills through education. Humans who are unable to cope with the ongoing research to manipulate, invent, express, or extend their ideas to mileage the current design or plan are still considered educated illiterates [4] and/or old world [5]. Most of the available resources to become acquainted with the current trends are available in their digital forms through online resources, such as e-learning blogs, journals, web articles, electronic magazines, and online learning platforms: Coursera, Saylor, etc. Apart from literacy (from the modern era), one needs to be digitally literate with the knowledge of how to use online resources. Hence, the modern era is also referred to as the digital literacy era [6].



To further narrow down the dissociation line, efforts are being made by academic education bodies globally to accentuate the students and faculty from being in the obscurity of uneducated literates or the old world. Apart from course-related learning, systematic investigations to demonstrate facts and reach contemporary conclusions, often termed “research”, are emphasized amongst students and faculty. This accentuation is achieved by incorporating research as a grading parameter for students and as a promotion, award, and recognition framework for faculties. Researchers in [7] propose Dynamic Data Envelopment Analysis (DDEA) and Inverse DDEA (IDDEA) for evaluating such parameters’ citation analysis [8]. To keep track of all such parameters, clearly defined metrics set by renowned scientific organizations such as Scopus, Science Direct, Elsevier, and Web of Science are taken into consideration. A bibliometric tool, such as the SciVal research metric guidebook [9] and patent metrics [10] by Scopus-Elsevier, is often used to adhere to the article-level metrics, journal-level metrics, author-level metrics, and institutional-level metrics for mapping affinities in research organizations [11,12]. To globally influence these metrics, the need for internationalization of research institutes and higher education [13,14] has become evident in the globalization of higher education and inflating international research collaborations [15].



With the inclusion of such scientometric studies for the students and faculties, the academic entity gains recognition in terms of Quacquarelli Symonds (QS) ranking [16] and Times Higher Education ranking. Attaining, maintaining, and improving the QS ranking is not an easy assignment. It is affected by several scenarios, such as autonomy between researchers and managers of autonomous, heterogeneous, and managed research organizations along with the internal sharing of authority [17]. In simple words, the working environment has a great impact on the technological research output in an academic ecosystem [18]. Academic publishing is mostly encouraged among institutions in high-impact factor journals in order to maintain quality and visibility for further research [19]. The most common issue experienced by many research groups is the conflict of interest among co-authors, which can be avoided by simple strategies put forward by [20]. At the entity level, the research is mapped onto a plot popularly known as the Scholar Plot (SP), serving as an information interface for performance valuation [21].



The integrity of various performance metrics can be statistically analyzed using various statistical approaches based upon parameters such as sample size, level of confidence, paired/unpaired samples, etc. On the basis of the normal deviate Z-test, a large-sample theory is developed [22]. As a result, the Z-test cannot be used for small sample sizes (N < 30) since the distribution of different statistics is not normal. In 1908, W. S. Gosset devised a novel procedure and test of significance known as the “exact sample t-test”; Professor R. A. Fisher subsequently improved it in 1926 to cope with small samples. In t-tests, the basic assumption is that the populations from which samples are collected have normal distributions (parent populations) and samples are selected at random and are independent to one another [23]. In order to compare the means of the same group or item under two different circumstances, a paired t-test is used. An unpaired t-test examines the averages of two groups that are unconnected or independent of one another. The variance across groups is considered to be equal in an unpaired t-test. The variance is not expected to be equal in a paired t-test. The simplest basic representation of a t-test is expressed in Equation (1), which includes two means (M1 and M2) as well as an overall standard error (SE) value for both samples.


  t =    M 1  −  M 2    S E    



(1)







The upcoming section discusses the SciVal dataset, metrics, comparison, and analysis of the categorized dataset using various measures of dispersion to conclude the performance of the entities.




2. SciVal Dataset and Metrics


The SciVal dataset was extracted in May 2022. In this study, the methodology for selecting universities was based on selecting the best universities in the Kingdom of Saudi Arabia in terms of the number of published research papers and citations. The two lists were then combined and the best 13 Saudi universities were chosen from that combined list, taking care not to repeat university names. A combination of three categories, namely Output (O), Impact (I), and Collaboration (C), has been illustrated in Figure 1, using a Venn diagram. The union (U) of these three categories is used as a performance evaluation portrayer but indeed, the intersection () of the categories deeply affects the entity ranking and individual researcher ranking using metrics such as citations, h-index, i-10th index, etc.



In this article, 13 university entities, namely King Saud University (KSU), King Abdelaziz University (KAU), King Abdullah University of Science and Technology (KAUST), King Fahd University of Petroleum and Minerals (KFUPM), King Khalid University (KKU), Taif University (TU), Imam Abdulrahman Bin Faisal University (IAU), Prince Sattam Bin Abdulaziz University (PSAU), Taibah University (TAIBAHU), Umm Al-Qura University (UQU), King Saud bin Abdulaziz University for Health Sciences (KSAU-HS), Jazan University (JAZANU), and University of Hail (UOH), serving as academic institutions in the country of Saudi Arabia, are selected from various regions/states. The parameter’s evaluation and analysis are carried out for 18 research metrics, affinity, and features that fall under the three categories mentioned earlier, over a time span of 5 years from 2017 to 2021. The parameters selected for the SciVal dataset fall under either one or more of the categories of Output (O), Impact (I), or Collaboration (C) as illustrated in Table 1.



For simplicity in classification among the affinities, the following distribution is used in this article, which serves as a widely preferred classification discussed in multiple research articles [24,25].



	
Output (O): Scholarly output, publications in Q1, Q2, Q3, and Q4 are included in this category.



	
Impact (I): Citation Count, publications in the top 1%, 5%, and 10% journal and citation percentiles fall under this class.



	
Collaboration (C): Includes Institutional Collaboration, International Collaboration, National Collaboration, Institutional Collaboration Impact, International Collaboration Impact, and National Collaboration Impact.






All of the metrics’ terminology and illustrations are discussed in this section.



Output (O): Scholarly output is the foremost preferred research metric, signifying productivity in terms of total research outputs from an individual or entity. It is to be noted that journal articles, conference articles, book/book chapters, newsletters, reports, and software are categorized as scholarly output. Academic research articles are counted and their distribution throughout the four quartiles of journal publications is examined in this category [26,27,28,29]. Citation count is the number of times a given article is mentioned in other publications, such as book series, books, book chapters, conferences, etc. The most frequent measure of the research evaluation ecosystem is the number of times a publication is cited. A publishing citation, for example, is not tied to a certain area of study. Even if a zoology paper is referenced by a mechanical engineering publication, the citation is still counted. Using the SciVal dataset, the overall publications and overall citations for 13 Saudi Public Universities are illustrated in Table 2.



Using the two-year average of citations to papers published in the journal’s preceding two years, the scientometric index word “Impact Factor” is often used by the journals. There exists four quartiles (Q) in the impact factor rankings: Q1, Q2, Q3, and Q4. These are the four subgroups, or quartiles (Q), that make up the impact factor rankings. Among the journals on the list, the first quarter or top 25% are designated as Q1, journals among the second quarter ranging from 26% to 50% are designated as Q2, whereas journals among the third quarter ranging from 51% to 75% are designated as Q3, and the journals from the last quarter 76% to 100% are designated as Q4.



Impact (I): When a piece of academic work is cited in another work of scholarly work, it is considered to have had an effect/Impact (I) on later research publications [28,30]. The measures of this category’s influence include citation count, and publication in the top 1%, 5%, and 10% journal and citation percentiles which are considered to be time dependent in nature. Similar to the quartile (Q) classification, among the journal list with regard to the impact factor of data source, publication in the top 1% journal percentile is considered as the most prestigious in the world, followed by publications in the top 5% and 10%. Unlike impact factors, which utilize average citations of articles published in the journal’s preceding two years, if the citations count of articles published in a journal are evaluated per year, then they are referred to as journal percentile. The most cited journals are often defined by a widely used journal metric SCImago Journal Rank (SJR), calculated using the SciVal bibliometric tool. Using the SciVal dataset, the publications in the top 1%, 5%, and 10% journal percentile for 13 Saudi Public Universities during the time span of 5 years (2017–2021) are studied.



Regarding the similar harmony, publication in the top 1% citation percentile is considered the most prestigious in the world, followed by publications in the top 5% and 10%. Relative citation rate (RCR) or field weighted citation impact (FWCI) [31,32] has been established as a tool to measure the influence of a paper’s citations. RCR = 1 indicates that the article is referenced precisely as predicted. RCR < 1 indicates that the publication has received fewer citations than predicted. The higher the RCR (>1), the more often the publication is mentioned. If you look at the number of times an article is referenced in the patent, one can see how many times the work of art is being cited in academic output. A patent cited scholarly output is referred to as the average patent citations received per 1000 scholarly outputs. For example, if a company obtains 10,000 academic outputs and 200 patents during an evaluation year, the patent cited scholarly output would be 20 (=200 × 1000/10,000). Using the SciVal dataset, the publications in the top 1%, 5%, and 10% citation percentile for 13 Saudi Public Universities during the time span of 5 years (2017–2021) are discussed.



Collaboration (C): Previous studies reveal that scientists categorize themselves as either academia- or industry-based on their preferences. Researchers with a deeper “passion for scientific knowledge” and/or with a preference for non-monetary rewards seem to be more willing to enter academia, whereas scientists with a substantially larger desire for practical study and monetary incentives are more likely to enter industry. Furthermore, the academic institutional environment fosters the interchange of information and materials, as well as curiosity-driven research. For all of these reasons, academic institutions have a comparative advantage in researching more fundamental topics, whereas enterprises have a competitive edge in development and marketing. As a result, from the perspective of enterprises, engaging with academics helps to focus on areas where they have been best in investigating the project’s more fundamental aspects.



Active collaboration throughout the project helps ensure that the academic side’s expertise is rapidly and easily transferred to the business partner. Similarly, partnering with industry may provide academic scientists with resources, skills, and equipment that may be useful in realizing the scientific potential of a line of study without putting too much emphasis on its commercialization. Hence, this category is considered as one of the dominant classifications which additionally escalates the entity’s output and impact. This category broadly includes academic collaboration in regard to similar entities, academic-corporate collaboration [33] based upon dissimilar entities, single authorship [34,35], institutional collaboration [36], and national and international collaborations [37], clearly depicted in Figure 2a,b. If a scholarly output is authored solitarily, it is referred to as Single Authorship. Whereas, if the scholarly output is authored by multiple individual researchers from same entity, it is referred to as Institutional/Academic collaboration. Whilst, if it is authored by multiple individual researchers among multiple entities from the same country, it is termed as National collaboration. Nevertheless, if it is authored by multiple individual researchers among multiple entities from the multiple countries, it is termed as International collaboration.



The institutional, national, and international collaborations refer to the number of collaborations established. Whereas, the institutional, national, and international collaborations impact refers to the aftermath achieved with such collaborations. Using the SciVal dataset, the institutional, national, and international collaborations for 13 Saudi Public Universities during the time span of 5 years (2017–2021) are weighted.



Good intentions pave the way to partnership. However, only intentions are insufficient to produce well-designed, successful, and long-term collaborative activity. Contemporary policymakers and practitioners believe that challenges in public policy necessitate collaborative responses, which is statistically verified using a measurand termed as collaboration impact. This marked influence is categorized and measured using all the three previously mentioned collaborations, namely Institutional Collaboration Impact, National Collaboration Impact, and International Collaboration Impact.




3. Analysis and Discussion


Over a period of five years, the statistics shown in Figure 3 pertain to 13 distinct entities. One of the indices used to gauge the worth and influence is the cumulative academic output and article citation frequency. It is not evident that the number of citations and publications are correlated. Nevertheless, it is evident that a research article with RCR > 1 receives multiple citations when compared to a research article with RCR < 1. A similar yet homogeneous pattern is seen between the percentage of publications and the share of citations for all the entities except KAU and KAUST entities, experiencing a significant rise in their relative citation share, which was commensurate with their share of output illustrated through Figure 3 in descending order of research articles published versus overall citation frequency. It is evident from the infographic that there has been a significant increase in academic production rate in terms of number of scholarly outputs and citations throughout evaluation years 2017–2021. It is apparent from the infographic that the entities KSU and KAU are most efficient, whereas UOH is found to be the most inefficient entity.



To demonstrate the scholarly output precisely, a comparison of distribution of scholarly output among quartiles (Q1 through Q4) is additionally scrutinized. Figure 4 demonstrates that all the entities map a perfect incremental essence in regard to Q1, Q2, Q3 and Q4 throughout the evaluation period from 2017–2021, which signifies a better improvement of the entities coping up, participating, and competing among other entities. As discussed in previous sections, Q1 journals are considered more esteemed when compared to their counterparts (Q2, Q3 and Q4). It is clear from the visualization illustration in Figure 4, that all the public Saudi universities endure a greater portion of scholarly output in Q1 journals with a subsequent decrease in scholarly outputs in Q2, Q3 and Q4 journals. Furthermore, it is observable that the denser output in Q1 improves with time, whereas the denser output in Q4 worsens with time, signifying an improvement among entities.



Figure 5 depicts the statistical data for 13 organizations over a period of 5 years. It is evident from the infographic that the entities have improvement over the course in the top 1%, 5%, and 10% journal and citation percentiles, respectively. From Figure 5a, it is noted that the entities PSAU, TU, and KKU fall short in the top 1% journal percentile category, whereas the entity KAUST surpasses it. From Figure 4b, it is noted that the entities TAIBAHU and KKU fall short in the top 5% journal percentile category, whereas the entities KFUPM and KAUST surpass it. From Figure 5c, it is noted that all the entities reach the top 10% journal percentile category, whereas the entities KFUPM, KAUST, KAU, and KSU surpass it. Furthermore, from Figure 5d, it is noted that the entity TU falls short in the top 1% citation percentile category, whereas the entity KAUST surpasses it. From Figure 5e,f, it is noted that all the entities reach the top 5% and top 10% of citation percentile category, whereas the entities KFUPM, KAUST, KAU, and KSU surpass it. It is also apparent from the visual schema that the entities experience a narrow marginal mold for journal percentiles, whereas they experience a broader marginal (or beyond border) mold for citation percentiles.



Collaboration, in simple words, is a task which is achieved jointly. A multilingual, multi-entity, multi-disciplinary, multi-regional collaboration helps in achieving the tasks appropriately. Figure 6 shows the statistical data for 13 entities over a time span of 5 years (2017–2021). It is noticeable that over a course of time, all the entities are coherent towards significant increase in collaboration and its impact throughout the evaluation years 2017–2021. It is clear from the infographic that a low rate of (a) Institutional collaboration and (d) Institutional collaboration impact is indicated when compared to the medium rate of (b) National collaboration and (e) National collaboration impact is indicated, in comparison with the high rate of (c) International collaboration and (f) International collaboration impact indicated.



The T-value and p-value are tightly related. They walk together like Tweedledee and Tweedledum. A t-test seeks evidence of a significant difference between population means (2-sample t) or between the population mean and a predicted value (1-sample t). The T-value quantifies the magnitude of the difference in comparison to the variance in the sample data. The T-value is simply the determined difference expressed in units of standard error. The bigger the size of the T-value, the more evidence there is against the null hypothesis. This indicates that there is more evidence than there is a substantial difference. The closer T is to 0, the less certainty that any substantial difference exists. Larger magnitude T-values (either negative or positive) are less prevalent. The extreme left and right tails of any distribution curve show scenarios of getting T-values far from zero. In other words, the likelihood of receiving a higher T-value while sampling from the same population produces a lower p-value. Given the limited possibility of finding a higher T-value when sampling from this group, the p-value is extremely low, indicating that there is a statistically significant difference. As a result, the T-value and p-value are tightly related. Table 3, Table 4 and Table 5 illustrates the p-value and T-Value along with the significance using paired t-tests for Output (O), Collaboration (C), and Impact (I) performance metrics, respectively.



Finally, the t-test is utilized to investigate the disparities across groups using independent samples. Since the current study requires a comparison of means, we employ these examinations. In addition, the sample t-test is used to evaluate the mean of two independent samples. Comparing the means of two sets may be useful for validating hypotheses about differences in continuous dependent variables. A positive result from the test indicates that there is a statistically significant difference between the groups’ means [38]. As per the obtained p-values and T-values in Table 3 for a sample size (N) of 13 distinct entities with an N-1 level of confidence, a significant difference can be noted from the values of Group-A (Overall publications) and Group-B (Overall Citations) obtained for the T-value of 3.0004 and p-value of 0.0111, denoting the T-value as higher when compared to the lesser p-value. Hence, it can be considered to be statistically significant, pointing towards an appropriate relation between both the groups.



In a similar approach, as per the obtained p-values and T-values in Table 4 for a sample size (N) of 13 distinct entities with an N-1 level of confidence, a lesser difference can be noted from the values of Group-A (Institutional Collaboration) and Group-B (Institutional Collaboration Impact) obtained for the T-value of 0.2782 and p-value of 0.7856, denoting that the T-value cannot be regarded as higher when compared to the lesser p-value. Hence, it can be considered NOT to be statistically significant, inferring towards a less appropriate relation between both the groups. Similarly, a lesser difference can be noted from the values of Group-A (National Collaboration) and Group-B (National Collaboration Impact) obtained for the T-value of 1.5942 and p-value of 0.1369, denoting that the T-value cannot be regarded as higher when compared to the lesser p-value. Hence, it can be considered NOT to be statistically significant, inferring towards a less appropriate relation between both the groups. Additionally, an extremely higher difference can be noted from the values of Group-A (International Collaboration) and Group-B (International Collaboration Impact) obtained for the T-value of 17.7481 and p-value of 0.0001, denoting that the T-value can be regarded as extremely higher when compared to the lesser p-value. Hence, it can be considered to be extremely statistically significant, signaling towards a perfect relation between both the groups.



On the other hand, as per the obtained p-values and T-values in Table 5 for a sample size (N) of 13 distinct entities with an N-1 level of confidence, a lesser difference can be noted from the values of Group-A (Top 1% journal Percentiles) and Group-B (Top 1% citation Percentiles) obtained for the T-value of 0.3923 and p-value of 0.7017, denoting that the T-value cannot be regarded as higher when compared to the lesser p-value. Hence, it can be considered NOT to be statistically significant, inferring towards a less appropriate relation between both the groups. Similarly, a lesser difference can be noted from the values of Group-A (Top 5% journal Percentiles) and Group-B (Top 5% citation Percentiles) obtained for the T-value of 0.6607 and p-value of 0.5213, denoting that the T-value cannot be regarded as higher when compared to the lesser p-value. Hence, it can be considered NOT to be statistically significant, inferring towards a less appropriate relation between both the groups. Additionally, a higher difference can be noted from the values of Group-A (Top 10% journal Percentiles) and Group-B (Top 10% citation Percentiles) obtained for the T-value of 2.6854 and p-value of 0.0198, denoting that the T-value can be regarded as higher when compared to the lesser p-value. Hence, it can be considered to be statistically significant, signaling towards an appropriate relation between both the groups.




4. Conclusions


Finding a suitable and effective methodology for evaluating the performance of universities and their sub-units is critical. Universities, on the other hand, are of high priority for evaluation due to their critical relevance and distinctive position in the knowledge-based economy and in supplying trained and expert workforces for the labor market. SciVal, being a well-known, strong, and widely utilized assessment methodology in a variety of fields, such as industry, service, agriculture, engineering, medicine, and so on, may indeed be appropriate for universities’ evaluations. Because the performance of certain entities in the real world should be assessed throughout time, the Output (O), Impact (I), and Collaboration (C) metrics were used to evaluate and compare the performance of public Saudi Universities. The authors of this study employed a variety of methodologies, including bibliometric, scientometric, citation analytic approaches, along with t-tests statistical analysis to demonstrate the growth and expansion of researchers in academic institutions across the country of Saudi Arabia. Rather than pointing out any entity in terms of performance, this article focuses and demonstrates how this method may be used by entities for the purposes of evaluation, improvement, and maturity by adopting an overall larger view. Considering the information available, the metric Output (O), Impact (I), and Collaboration (C) has significantly improved over time, signifying and providing a better platform for evaluating the effect on the conduct and completion of field research via publications within the SciVal analytics. This article helps to comprehend the modifications necessary to maintain the faculties’ present efficiency levels, as well as the prospective implications of specific increases in their research outputs. Regarding the diverse nature and variances in activities of each faculty, one of the drawbacks of this approach that may be explored in future studies is not taking these disparities into account. Furthermore, evaluating and comparing universities by considering departments or facilities as internal components of each institution may be explored for future developments.



This study centered on the premise that highly cited and alt-metric works are able to satisfy the needs of both established scholars and aspiring researchers; hence, gaining access to a more diverse pool of symbolic resources. When combined, citations and altmetrics provide a comprehensive picture of the variety of outputs that garner respect and other symbolic resources like attention, influence, and prestige. Researchers can use this type of analysis to determine where and how they want to publish their findings, but management teams can use it to consider how they want employees to be compensated and communications professionals can use it to determine which findings are likely to go viral and which need to be promoted more actively. A closer look at the exceptional group could be a good place to start when thinking about how to create results that are respected in the academic community and the wider world. Recommendations and concepts for enhancing research evaluation and the proper use of metrics are provided in the presented Research Assessment. Quantitative measures for publications may be used as part of a more complete evaluation. Metrics may either exaggerate or overlook the apparent “effect” of research, especially when incorporated within a peer-reviewed evaluation process that also involves qualitative assessment. However, the widespread use of publication metrics necessitates that funders, authors, and the publishing industry have a thorough understanding of the benefits and drawbacks of using quantitative measures to approximate the significance of a research project. Understanding the limitations of both individual and aggregate metrics is essential for making effective use of publishing metrics. Publication metrics, when utilized in context, may provide light on the impact of an article, the development of a journal, or the trajectory of a researcher’s professional life.
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Figure 1. Venn Diagram for SciVal Dataset. 
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Figure 2. Collaboration Classifications Flow chart; (a) Dissimilar entities, (b) decisions on different types of collaboration. 
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Figure 3. Number of Scholarly Outputs and Overall Citations during 2017–2021. 
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Figure 4. (a) Q1 journals, (b) Q2 journals, (c) Q3 journals, and (d) Q4 journals. 
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Figure 5. Publication in (a) Top 1% journal percentile, (b) Top 5% journal percentile, (c) Top 10% journal percentile, (d) Top 1% citation percentile, (e) Top 5% citation percentile, and (f) Top 10% citation percentile. 
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Figure 6. (a) Institutional Collaboration, (b) National Collaboration, (c) International Collaboration, (d) Institutional Collaboration Impact, (e) National Collaboration Impact, and (f) International Collaboration Impact. 
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Table 1. Research metrics mapped with SciVal categories, ** Output, **** Impact and ****** Collaboration.
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	Metrics
	Output
	Impact
	Collaboration





	Scholarly Output
	**
	
	



	Citation Count
	
	****
	



	Institutional Collaboration
	
	
	******



	International Collaboration
	
	
	******



	National Collaboration
	
	
	******



	Institutional Collaboration Impact
	
	****
	******



	International Collaboration Impact
	
	****
	******



	National Collaboration Impact
	
	****
	******



	Publications in Q1 Journal Quartile
	**
	****
	



	Publications in Q2 Journal Quartile
	**
	****
	



	Publications in Q3 Journal Quartile
	**
	****
	



	Publications in Q4 Journal Quartile
	**
	****
	



	Publications in Top 1% Citation Percentiles
	**
	****
	



	Publications in Top 5% Citation Percentiles
	**
	****
	



	Publications in Top 10% Citation Percentiles
	**
	****
	



	Publications in Top 1% Journal Percentiles
	**
	****
	



	Publications in Top 5% Journal Percentiles
	**
	****
	



	Publications in Top 10% Journal Percentiles
	**
	****
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Table 2. Saudi Public Universities Overall Publications and citations.
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Saudi Universities from Scholarly Output and Citations Count Perspective for 5 Years (2017–2021)




	
Saudi Public Universities

	
Overall Publications

	
Overall Citations






	
King Saud University (KSU)

	
30,574

	
272,772




	
King Abdulaziz University (KAU)

	
27,140

	
347,372




	
King Abdullah University of Science and Technology (KAUST)

	
12,245

	
182,507




	
King Fahd University of Petroleum and Minerals (KFUPM)

	
9553

	
96,066




	
King Khalid University (KKU)

	
8329

	
34,638




	
Taif University (TU)

	
6758

	
21,178




	
Imam Abdulrahman Bin Faisal University (IAU)

	
6598

	
41,837




	
Prince Sattam Bin Abdulaziz University (PSAU)

	
6571

	
30,066




	
Taibah University (TAIBAHU)

	
5162

	
30,740




	
Umm Al-Qura University (UQU)

	
5076

	
25,379




	
King Saud bin Abdulaziz University for Health Sciences (KSAU-HS)

	
4445

	
37,245




	
Jazan University (JAZANU)

	
3594

	
46,996




	
University of Hail (UOH)

	
2487

	
31,114
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Table 3. Significance using paired t-tests for Output (O) performance metric.
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Parameter

	
Overall Publications (Group-A) vs. Overall Citations (Group-B)






	
Two-tailed p-value

	
0.0111




	
Mean (Group-A, Group-B)

	
9887.08

	
92,146.92




	
Standard Deviation (Group-A, Group-B)

	
8825.95

	
107,114.10




	
Standard error of mean (Group-A, Group-B)

	
2447.88

	
29,708.11




	
Number of Samples

	
13




	
Mean difference

	
−82,259.85




	
T-value

	
3.0004




	
Degree of Freedom (df) value

	
12




	
Standard error of differences

	
27,415.910




	
Significance

	
Considered to be statistically significant
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Table 4. Significance using paired t-tests for Collaboration (C) performance metric.
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Parameter

	
Institutional Collaboration (Group-A) vs. Institutional Collaboration Impact (Group-B)

	
National Collaboration (Group-A) vs. National Collaboration Impact (Group-B)

	
International Collaboration (Group-A) vs. International Collaboration Impact (Group-B)






	
Two-tailed p-value

	
0.7856

	
0.1369

	
0.0001




	
Mean (Group-A, Group-B)

	
9.7815

	
8.9785

	
9.7908

	
14.7954

	
72.6677

	
14.7954




	
Standard Deviation (Group-A, Group-B)

	
7.3606

	
7.9197

	
9.5289

	
6.1635

	
9.6972

	
6.1635




	
Standard error of mean (Group-A, Group-B)

	
2.0415

	
2.1965

	
2.6428

	
1.7094

	
2.6895

	
1.7094




	
Number of Samples

	
13

	
13

	
13




	
Mean difference

	
0.8031

	
−5.0046

	
57.8723




	
T-value

	
0.2782

	
1.5942

	
17.7481




	
Degree of Freedom (df) value

	
12

	
12

	
12




	
Standard error of differences

	
2.887

	
3.139

	
3.261




	
Significance

	
Considered NOT to be statistically significant

	
Considered NOT to be statistically significant

	
Considered to be extremely statistically significant
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Table 5. Significance using paired t-tests for Impact (I) performance metric.
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Parameter

	
Top 1% Journal (Group-A) versus Top 1% Citation (Group-B) Percentiles

	
Top 5% Journal (Group-A) versus Top 5% Citation (Group-B) Percentiles

	
Top 10% Journal (Group-A) versus Top 10% Citation (Group-B) Percentiles






	
Two-tailed p-value

	
0.7017

	
0.5213

	
0.0198




	
Mean (Group-A, Group-B)

	
2.0477

	
2.2077

	
9.1215

	
8.0815

	
20.2169

	
14.2523




	
Standard Deviation (Group-A, Group-B)

	
2.3410

	
1.1928

	
8.1061

	
3.0119

	
11.7270

	
4.3837




	
Standard error of mean (Group-A, Group-B)

	
0.6493

	
0.3308

	
2.2482

	
0.8354

	
3.2525

	
1.2158




	
Number of Samples

	
13

	
13

	
13




	
Mean difference

	
−0.1600

	
1.0400

	
5.9646




	
T-value

	
0.3923

	
0.6607

	
2.6854




	
Degree of Freedom (df) value

	
12

	
12

	
12




	
Standard error of differences

	
0.408

	
1.574

	
2.221




	
Significance

	
Considered NOT to be statistically significant

	
Considered NOT to be statistically significant

	
Considered to be statistically significant
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