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This study investigated the relationship between three pre-university measures (high school grade point average, the General Aptitude Test, and the scholastic achievement admission test) and university performance as indicted by (preparatory year and cumulative university grade point average, and graduation). Data from 330,684 undergraduate students from 23 universities across the Kingdom of Saudi Arabia were analyzed using a multilevel structural equation modeling approach. Results indicated that all pre-university measures were consistent in predicting university performance. These findings supported previous results that pre-university measures performance predict eventual performance at the university, including performance at the preparatory year, and whether the student stays regular and eventually completes university studies. These results have implications for the importance of the pre university measures in predicting university eventual success and graduation and this study adds to the body of work that can inform further cost-benefits of the pre university measures. For policymakers, these findings suggest that strengthening support during secondary school levels can have positive effects on eventual performance at university.
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INTRODUCTION

In many countries, university admission decisions depend on students’ performance on three measures: high school grade point average (HSGPA), standardized aptitude, and standardized achievement tests (Atkinson, 2001; Geiser and Studley, 2002; Zwick, 2012, 2017). According to Koljatic et al. (2013), aptitude tests focus on measuring verbal and mathematical abilities not directly tied to the curriculum, whereas achievement tests are based on clear curricular guidelines and measure accomplishment. Universities require these two admission standardized tests, as research has shown that students with high scores are most likely to succeed academically (Evans, 2015). This is based on the thought pattern that learning is an accumulative process, and students admitted with higher entry qualifications are expected to be better prepared for university study than those with lower qualifications. In addition to the predictive validity, the two admission standardized tests have other benefits (Beatty et al., 1999): (1) standardization: admission standardized tests are standardized; hence, they can eliminate the difference in high school curricula and grading; (2) efficiency: they can be conducted at a relatively low cost to students and are economical for the universities as they can compare a vast number of applicants’ profiles within a short time; and (3) opportunity: students can showcase their talents, even though their HSGPA may not be strong enough to attend prestigious universities.

In the Kingdom of Saudi Arabia, the number of universities and colleges has expanded primarily to satisfy the overflow in demand for post-secondary education (Alghamdi and Al-Hattami, 2014; Hamdan, 2017). However, the expansion involved finding a strategy that would restrict students’ admission to achieve certain standards (Hamdan, 2017). The Saudi government explicitly stated in the Ninth National Development Plan that the higher education system must focus on preparing professional graduates who can support the government’s ambitious multi-billion-dollar Saudi royal development projects that have been launched with the goal of transforming Saudi Arabia into a knowledge-based society (Ministry of Economy and Planning., 2010). Thus, the higher learning system became more challenging and demanding for students who were preparing for university studies that focused on promoting 21st-century skills. To assess students’ readiness for university studies, students are required, in addition to their HSGPA, to take the General Aptitude Test (GAT) and Scholastic Achievement Admission Test (SAAT)—developed by the National Center for Assessment. The GAT measures Arabic language proficiency, critical thinking, and mathematical reasoning ability; whereas the SAAT measures knowledge of biology, chemistry, physics, math, linguistics, and social studies (Education and Training Evaluation Commission, 2021). The weight allocated to the GAT and SAAT varies as admission requirements differ from one university to another. The GAT typically comprises 30%, while the remaining percentage is distributed between the SAAT (40%) and HSGPA (30%). Students can repeat the admission tests three times in a single year, and the best score is considered for admissions.

The combination of standardized test scores and high school GPA consistently predicts university success and retention (Burton and Ramist, 2001; Noble, 2003; Julian, 2005; Kobrin et al., 2008; Wiley, 2014). Kobrin et al. (2008) work showed an incremental increase in predictive validity by 0.08 when the standardized tests and HSGPS were combined. In an intensive review by Burton and Ramist (2001), the results indicated that the combination of standardized tests and HSGPA can make key and accurate contributions to predict first-year GPA, cumulative university GPA, and graduation. Mattern and Patterson’s (2012) research examined high school GPA and standardized tests to predict retention in the second and third years of college. The findings showed that students who, in addition to having standardized test scores, had high school GPA reported correspondingly higher retention rates in the second and third years of their universities than students having only HSGPA.

In the Kingdom of Saudi Arabia, many studies have indicated a positive relationship between pre-university measures and university performance (Alghamdi and Al-Hattami, 2014; Alnahdi, 2015). Al-Alwan (2009) and Al Alwan et al. (2013) work indicated a significant correlation between the three measures and the progress and future academic performance among students from health colleges. In addition, AlQataee (2014) conducted an analysis of data from a sample of over 5,000 students on the predictive validity of the three measures. The findings showed that the three measures significantly predicted first-year GPA. Alshumrani’s (2007) finding indicates that the three measures can explain 11% of first-semester college GPA.

Over the past 10 years, Saudi educators and policymakers have agreed that high school graduates lack essential education and skills—mathematics, reading comprehension, writing, English language, personality and communication, and information and technology skills—that would enable them to succeed in higher education as independent learners (Khoshaim et al., 2018). Atkinson (2007) argued that standardized tests do not reflect students’ readiness for university studies. These standardized tests are limited to assessing specific cognitive skills at the time of testing, but do not determine social and emotional adjustment. Many undergraduate students face challenges in their first year of university for different reasons. The sudden shift from the controlled environment of school and family to an environment in which students are expected to accept personal responsibility for both academic and social aspects of their lives may create distress, making them adopt maladaptive coping mechanisms manifested in dropping-out, underachievement, lack of motivation and interest, and disengagement from academic and social life (Lowe and Cook, 2003). Another reason is that schools lack preparation for high education as there is little or no emphasis on teaching independence (Mutambara and Bhebe, 2012). In addition, teaching and assessment styles in many secondary schools lend themselves to developing a particular set of study skills and learning strategies that are no longer entirely relevant to the more independent styles of learning expected in higher education (Giuliano and Sullivan, 2007).

One approach to prepare students for university life is through the preparatory year. Saudi universities have implemented a preparatory program to prepare students academically, socially, psychologically, and culturally. It aims to provide them with multiple skills to help them communicate well within their community and to construct successful study habits to become independent learners with capabilities and skills that enable them to move forward in the fields they want to study (Kamel, 2015). The preparatory program is a full academic year beyond high school, with a set of courses focusing on mathematics, English language, and personality and communication skills that must be completed successfully before joining the academic program (Khalil, 2010; Kamel, 2015; Khoshaim, 2017). The GPA of the preparatory year is added to overall university performance GPA. The specific structure of the preparatory year program varies across universities and depends on the demands of the academic program (Khoshaim et al., 2018). For example, in some preparatory year programs, potential medical and engineering majors require potential students to take at least one level of calculus. In contrast, it is sufficient for business or humanities majors to complete advanced algebra courses. However, some preparatory year programs do not require mathematics if the intended majors are humanities or arts, but instead focus on English language, research, and communication and technology skills. Many educators (e.g., Keup and Kilgo, 2014) advocate for the effectiveness of the preparatory year program in increasing students’ retention and graduation and promoting academic, personal, and communication skills.



THE CURRENT STUDY

Several factors affect student performance during their university years; but prior performance before entering university is predictive of how they will perform (McKenzie and Schweitzer, 2001; Hein et al., 2013; McManus et al., 2013) and even whether they withdraw from university. These “pre-university” factors that can impact university performance are important to investigate because early interventions can target them if they do exert an effect or are predictive of university performance. It is also of interest to investigate variations of this effect by university, as it could differ; therefore, a more customized or targeted approach might be needed for specific interventions. For example, if the predictive ability of certain measures of pre-university performance only applies to a subset of universities, the implications for interventions and even policy changes can only be valid for the subset.

In a related aspect, it is also of interest to investigate whether universities are attracting students based on their pre-university performance in a consistent manner. This is because some universities are more prestigious or appealing to future students for various reasons (e.g., reputation, quality, etc.). It is worth investigating whether the pre-university measures are consistent in how universities rank regarding the students who choose them. For example, if the best universities attract the best students based on their standardized entrance exams but not on their high school GPAs, it is important to know why this occurs.

The main research questions for this study are:


1.Do universities attract the best students uniformly across the three pre-university measures?

2.Do pre-university measures predict university performance?



These research questions are investigated using a different approach, and the results are reported separately in this article. Although these are discussed jointly, their implications are considered holistically.



MATERIALS AND METHODS


Sample

Data were obtained from 330,684 students who graduated from high school with a science track and were enrolled in 23 universities across the Kingdom of Saudi Arabia as first-time students entering in the fall-term from 2013 to 2016. The universities were located across the five regions (north, south, west, east, or center) of the Kingdom. Each university reported cumulative GPA at the end of each academic term; academic status (dropped out or graduated); and composite scores of SAAT, GAT verbal, and GAT Quantitative. Information on the cumulative high school GPA, the type of university (private vs. public), and preparatory year program type (science, health, or humanities) was also provided by each university. Table 1 provides descriptive information of the universities.


TABLE 1. Descriptive statistics of the 23 universities.
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Measures


Independent Variables

Pre-university performance is a latent independent variable that uses the following three measures as indicators:


1.HSGPA is the average score of subjects taken in grades 11 and 12. HSGPA is expressed on a scale of 100 points; however, it was standardized in this study to account for school variation.

2.The SAAT (Education and Training Evaluation Commission, 2021) assesses four major subject matter areas: biology, chemistry, physics, and mathematics. The SAAT focuses on the content of the official 3-year curriculum of Saudi Arabian high schools with a science track. The 110 items of the SAAT are distributed as follows: 20% of each subject for the first year of the high school syllabus and 40% of each subject for the second and third years of the high school syllabus. Each item contained only one correct response and three distractors. The SAAT exhibits acceptable psychometric properties (Tsaousis et al., 2018), with alpha reliabilities ranging between 0.62 and 0.74. In this study, the total SAAT score was calculated.

3.The GAT consists of two sections: verbal (GAT-V) and quantitative (GAT-Q). The GAT-Q consists of 55 multiple-choice items covering five content areas: arithmetic (20 items), geometry (13 items), algebra statistical and analytical (15 items), and comparison questions (7 items). Cronbach’s alphas (α) ranged from 0.73 (Arithmetic) to 0.82 (comparison) (Dimitrov, 2013). The GATV consists of 65 multiple-choice items covering three content-specific domains: analogy (21 items), sentence completion (17 items), and reading comprehension (27 items). Cronbach’s alphas were 0.821 for analogy, 0.748 for sentence completion, and 0.730 for reading comprehension (Dimitrov and Shamrani, 2015). In this study, total GATQ and GAT-V scores were used separately.





Dependent Variables

This represents university performance as a latent variable, and it is measured by,

1. The GPA of the preparatory academic year.

2. The cumulative GPA of academic terms after completing the preparatory year and specializing in different academic majors.

3. Completion is a dichotomous score assessing whether students graduated (0 = dropped out, 1 = graduated).




Procedure

Twenty-three university datasets were provided by the Research and Data Department at the Evaluation of Education and Training Commission in Saudi Arabia. These datasets were merged using R package (name of the package). The data from the 23 universities were analyzed to answer the first research question. However, given that some universities (12 universities) do not follow the preparatory year policy, the analysis of answering the second research was limited to 225,385 students from 11 university datasets.



Analytical Approach

For the first research question, the analytical approach used a ranking system in each of the pre-university measures (HSGPA, SAAT, GAT-V, and GAT-Q) to test if the ranks were consistent or uniform across all 23 universities. The approach looks at whether the universities that attract the best students based on one measure (and thus rank highly on this measure regarding other universities) are also attracting the best based on the other measures. To statistically test the hypothesis that the rankings are uniform across the four measures, the Friedman test (Friedman, 1940; Hollander and Wolfe, 1973) was used:

[image: image]

in which k represents the metrics (HSGPA, SAAT, and GAT) and n is the number of universities. The Q statistic was then tested using the chi-square test.

For the second research question, a multilevel structural equation model (Preacher et al., 2010) was used to investigate the relationship between pre-university performance and university performance. Pre-university performance is modeled as a latent variable (pre-university perf) measured by HSGPA, SAAT, GAT-V, and GAT-Q. University performance (university perf) is modeled as another latent variable, which is measured by a combination of the preparatory year GPA, GPA averages over 2 years, and completion (or currently not withdrawn). Because completion is a variable in the model, missing data that resulted in zero variance (e.g., no student has withdrawn for a particular university) for this variable necessitated excluding some universities from the analysis. The data for this analysis consisted of 225,385 students across 11 universities.

To consider university differences, the model is clustered by university with this second level being specified as a saturated level only (i.e., all variables were assessed at the individual level).

The model in Figure 1 is specified by extending the general model proposed by Muthén and Asparouhov (2008) as follows:
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FIGURE 1. Path coefficients of the relationship between pre-university measures and university performance.


where η is a k × 1 vector of latent factors, α is a k × 1 vector of latent variable means, Ã is a k × p matrix of fixed regression parameters, and p is the number of predictors in X. The parameter matrices vj, Λj, K j, αj, βj, and Γj are allowed to vary at the cluster-level, where j indicates the cluster. The structural model can be extended to have a between component if there are cluster-level predictors (Preacher et al., 2010):
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For the purposes of this study, all predictors are at the individual level; thus, there is no relationship between the structural model and the saturated model. All analyses were conducted in the R environment (R Core Team, 2019), and latent growth modeling was performed using the lavaan package (Rosseel, 2012).




RESULTS


The First Research Question

The ranking based on the means of the pre-university measures are reported in Table 2, with rank 1 being the best regarding each measure mean (e.g., G04 students have the highest average high school GPA and GAT scores, while G15 students have the lowest average scores in the standardized exams).


TABLE 2. University rankings based on the means of pre-university measures.
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The results of the Friedman test showed no significant differences: Δχ2(df = 3) = 0.353, p = 0.9498. This suggests that the rankings are not different from each other, and universities that rank high in their students’ high school GPA also tend to rank high in other pre-university measures. This is not surprising given the broad consistency in rankings shown in Table 2 and the moderate correlations across all four metrics.

This overall result looked at rankings across all pre-university measures for the 23 universities. To check whether the same holds for the measures based only on standardized tests (i.e., GAT-Q, GAT-V, and SAAT), a follow-up analysis was performed focusing on the rankings for these three measures only. The results were again non-significant, Δχ2(df = 2) = 0.609, p = 0.7376. This shows that university rankings are consistent, based on how they attract students based on their standardized results.

Given that the overall result and the results based on standardized measures are all non-significant, further post hoc multiple comparison tests were not performed. This evidence that universities tend to be consistent in attracting students based on their pre-university performance supports the use of a multilevel approach to investigate the second research question.



The Second Research Question

Structural equation modeling showed that the pre-university performance had significant effects on university performance, as indicted by the acceptable fit χ2(df = 13) = 7211.96, p < 0.01; comparative fit index (CFI) = 0.95, standardized root mean residual (SRMR = 0.044), root mean square error of approximation (RMSEA = 0.080), normative fit index (NFI = 0.95) based on the following thresholds: SRMR < 0.08 (Hu and Bentler, 1999), CFI and NFI > 0.90 (Bentler, 1990), and RMSEA < 0.09 would be considered acceptable fit (Steiger, 2007).

A heteroscedasticity-consistent Huber-White robust standard error estimator was used (White, 1980). As all variables were assessed at the individual level (Table 3), the main interest regarding the regression coefficients was at level 1. The unstandardized parameter estimates are reported and all parameters are significant (Table 4).


TABLE 3. Correlations across the pre-university metrics.
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TABLE 4. Unstandardized parameter estimates for the level 1 structural equations model.
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The model and resulting standardized loadings are shown in Figure 1. Among the four indicators, SAAT had the strongest effect on pre-university performance in this model. Further, results indicate that the pre-university measures have the strongest effect on the preparatory year, and eventually, this effect gets weaker, but still significant, throughout the university journey until the student graduates.

The main interest in the cluster-level (i.e., university level) model is the random variation and intraclass correlation coefficient of the predictors, which represent the variability attributed to the cluster. The results show that while preparatory year performance shows the largest relative variation regarding the cluster, all random effects at the cluster-level do not significantly vary between universities (Table 5).


TABLE 5. Random effects of all variables and intraclass correlation coefficient at cluster-level.

[image: Table 5]



DISCUSSION

The ranking analysis showed that the measures of pre-university performance are consistent across universities and indicative of “student quality” in the sense that the best universities tend to attract the best students as measured by these pre-university metrics. In addition, this study investigated the relationship between pre-university measures and their effects on university performance. The results show that pre-university measures significantly predict university performance. Multilevel structural equation analysis has also shown that random effects do not vary significantly across universities.

The results support previous findings—that pre-university performance predicts university performance (e.g., McKenzie and Schweitzer, 2001; Hein et al., 2013). There have been multiple studies specific to the Kingdom of Saudi Arabia that also align with this finding (Yushau and Omar, 2007; Center for Excellence in Learning and Teaching., 2013; Alghamdi and Al-Hattami, 2014; McMullen, 2014; Alnahdi, 2015; Ahmad et al., 2017), although to varying degrees in scope and magnitude. It is important to note that the pre-university metrics were broadly consistent in their loadings on the latent factor of pre-university performance. This is not surprising given that the pre-university metrics are moderately correlated with each other, especially among the standardized exams. The impact of pre-university performance toward the latent factor of university performance loads strongest on the university preparatory year performance, although this is not surprising given the time proximity to the pre-university factors. But loadings show that pre-university performance significantly impacts even the university completion metric even if those two events are separated by a considerable amount of time. This highlights the importance of how a student’s performance before entering university has far-reaching effects. This has implications for the basic education sector and educational policy more broadly.

This study had some limitations. First, the examined relationships are broad and at the national level; however, it is likely that these may differ when examined at more local levels. To do so would require additional specific data, such as more detailed characteristics of the universities as well as additional demographic data for the students. This is beyond the scope of this study and the required data are not available; however, this is an interesting avenue to expand this research in the future. Second, the measure for university success is narrow given that we only have data for grades and completion; thus, it is possible that these metrics miss the career skills that may be more important for real-life success. Finally, a universally comparable metric for academic performance across all universities is lacking, as grades and completion are inextricably dependent on each university. Although we considered university differences by specifying the model to be clustered by university, this only mitigates this limitation.

Despite these limitations, given the large-scale nature of this study and the finding that university-level variation is not significant, the relationships among the variables are generalizable across the participating universities, which collectively represent the country. The findings imply that both high school grades and standardized exams predict university performance. Both factors significantly predict not only university grades but also whether students complete university studies or at least stay regular and do not withdraw. For policymakers, these findings suggest that strengthening support during secondary years can have positive effects on eventual performance at university.
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