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Abstract 

This review presents the first comprehensive synthesis of available research on selection methods for STEM gradu-
ate study admissions. Ten categories of graduate selection methods emerged. Each category was critically appraised 
against the following evaluative quality principles: predictive validity and reliability, acceptability, procedural issues, 
and cost-effectiveness. The findings advance the field of graduate selective admissions by (a) detecting selec-
tion methods and study success dimensions that are specific for STEM admissions, (b) including research evidence 
both on cognitive and noncognitive selection methods, and (c) showing the importance of accounting for all four 
evaluative quality principles in practice. Overall, this synthesis allows admissions committees to choose which selec-
tion methods to use and which essential aspects of their implementation to account for.
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Introduction
A high-quality student selection procedure for graduate 
level education is of utmost importance for programs, 
students, and society. Higher education has seen sev-
eral influential policy developments over the past dec-
ades such as the introduction of the Bologna Process in 
1999 in Europe and the increased internationalization 
of higher education across the globe (De Wit & Altbach, 
2020). These policies contributed to rising international/
cross-border and national (i.e., between higher education 

institutions within one country) student mobility (Oka-
hana & Zhou, 2018; Payne, 2015). The knock-on effect of 
this mobility has created a growing diversity of graduate 
application files. Admissions committees are now faced 
with applicants from different higher education systems, 
potentially a variety of background fields, and varying 
levels of academic skills and proficiency in the language 
of instruction.

Furthermore, the problem of underrepresentation of 
students with certain backgrounds persists across the 
globe, including countries with well-developed higher 
education systems (Salmi & Bassett, 2014). As such, it is 
still more difficult for students with low socioeconomic 
status (SES), a migration background, those who are first-
generation students, or students with disabilities to gain 
admissions into higher education programs compared 
to students with middle/high SES, no migration back-
ground, parents who hold academic degree, or students 
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without disabilities (Garaz & Torotcoi, 2017; Salmi & 
Bassett, 2014; Weedon, 2017). Students’ application files 
are often conditioned by their background: For example, 
students with parents of low SES cannot typically show 
an impressive list of extracurricular activities on their 
resume in contrast to their peers with parents of high 
SES (Jayakumar & Page, 2021). Since these factors con-
tribute to the inequality already at the entrance to higher 
education—at the undergraduate level (Zimdars, 2016), 
they may further exacerbate their effects in the selective 
graduate level of education, where there are even fewer 
places available. It is, therefore, often the case that a 
straightforward assessment of application files is not fea-
sible because of the multifaceted nature of each applica-
tion. Unsurprisingly, it is a complex task for admissions 
committees to evaluate the educational background and 
achievements of (inter)national students with diverse 
backgrounds. Regardless of described complexities, 
admissions decisions must be objective, fair, and trans-
parent to ensure their adequate justification.

Evaluative quality principles
To facilitate the achievement of the overarching goals of 
objectivity, fairness, and transparency, four evaluative 
quality principles regarding student selection methods 
were recognized as essential (Patterson et al., 2016):

A)	Effectiveness combines both (predictive) (incremen-
tal) validity and reliability. This principle encom-
passes several questions that should ideally be con-
sidered together: Does a selection method predict 
study success and to what extent? Even if a selection 
method does predict study success, does it provide 
additional value beyond other valid selection meth-
ods? Does the use of a selection method deliver con-
sistent results across time, locations, and assessors?

B)	Procedural issues of a selection method refer to any 
aspects that are important in the practical imple-
mentation of the method such as its limitations, the 
impact of its structure and format on its effective-
ness, any biases that are naturally integrated into its 
design etc.

C)	Acceptability refers to both the willingness to imple-
ment a selection method and the satisfaction of 
stakeholders from its usage. Relevant questions in 
this regard are: How widely is the selection method 
used across different disciplines, countries, and 
regions? To what extent are admissions committees 
willing to apply the method? Do they find it useful? 
Finally, how much do applicants favor the selection 
method?

D)	Cost-effectiveness is a quality evaluative principle that 
refers to the financial impact of a selection method on 
educational programs and applicants. In other words, 
it refers to the questions: Who pays for its usage in the 
admissions process, and how much does it cost?

There is a striking lack of studies that synthesize 
research evidence on selection methods for graduate 
study admissions while accounting for all four evalu-
ative quality principles. Instead, the existing reviews 
and meta-analyses address evidence for each selec-
tion method separately: standardized testing (Kun-
cel & Hezlett, 2007b, 2010; Kuncel et  al., 2004, 2010), 
recommendation letters (Kuncel et  al., 2014), personal 
statements (Murphy et  al., 2009), and other various 
noncognitive measures (Kuncel et  al., 2020; Kyllonen 
et  al., 2005, 2011; Megginson, 2009). Moreover, these 
studies usually focus on predictive validity and rarely 
on procedural issues, with only limited or no attention 
to reliability, acceptability, and cost-effectiveness.

The only review to combine evidence on all available 
selection methods within one study and included the 
four evaluative quality principles (validity/reliability, 
procedural issues, acceptability, and cost-effectiveness) 
was conducted by Patterson et al. (2016). However, this 
review only focused on selection methods in medical 
education. For example, it does not present evidence on 
(nonmedical) standardized tests of academic aptitude, 
tests of language of instruction, or amount and quality 
of prior research experience. Therefore, its findings can 
only be partially generalized for graduate admissions.

The question that arises is which educational field 
(except medical education) has attracted enough high-
quality research that (a) addresses the four evaluative 
quality principles and (b) allows admissions committees 
to use the findings in a wide range of graduate programs, 
therefore, enhancing the potential impact of this review? 
From the preliminary overview, we think that science, 
technology, engineering, and mathematics (STEM) fields 
meet these two conditions. STEM fields have been rec-
ognized worldwide as fundamental for finding solutions 
to urgent societal problems (Proudfoot & Hoffer, 2016). 
The efforts of certain countries to become leaders in 
STEM higher education and research (e.g., China; Kirby 
& van der Wende, 2019) are illustrative of how crucial 
the STEM fields are for economic growth and prosperity. 
Unsurprisingly, STEM disciplines have attracted a rising 
number of students, making research evidence on selec-
tion methods for STEM studies increasingly more rele-
vant. Since there has been no synthesis of such evidence 
to date, we designed this review to address this gap.
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The present review
The aim of this review is to present a comprehensive 
overview of research evidence on the existing selec-
tion methods in graduate admissions in STEM fields. 
The review focuses on evaluative quality principles of 
validity, reliability, procedural issues, acceptability, and 
cost-effectiveness. The term “graduate” refers to both 
master’s and doctoral levels. That is, studies on both 
levels were collected for this review.

Research questions
What evidence is provided in research literature within 
STEM graduate admissions field on:

A)	the extent to which different selection methods are 
valid and reliable?

B)	procedural issues of the selection methods?
C)	the extent to which different selection methods are 

accepted by stakeholders?
D)	the extent to which different selection methods are 

cost-effective?

Methods
For this review, a systematic search was conducted and 
complemented with an expanded search of literature in 
reference lists of relevant books and articles.

Inclusion criteria for the literature review
The inclusion criteria for this review were: (1) the 
topic on selection methods in graduate admissions, 
(2) the graduate level of education (i.e., master’s and/
or PhD phase), (3) samples that include students from 
STEM disciplines, (4) studies addressing at least one 
of four evaluative quality principles of interest: valid-
ity/reliability, procedural issues, acceptability, and 
cost-effectiveness, (5) studies conducted in at least one 
of the Organization for Economic Co-operation and 
Development (OECD) countries, (6) studies published 
in English, (7) studies that went through a peer-review 
process, (8) studies conducted in the period between 
2005 and June 2023.

The OECD countries were chosen because of their 
well-developed higher education systems as well as an 
expectation that the quality of research in these coun-
tries is comparable. The time frame was chosen in 
accordance with the changes in European higher edu-
cation systems after the introduction of the Bologna 
Process (The Bologna Declaration, 1999). Countries 
joined the process in different subsequent years. There-
fore, 2005 was chosen as a plausible cut-off moment 
to account for the fact that the first students, studying 

within the new system, could graduate. The same time 
frame was applied for the US research context.

We chose to review the literature, referring to master’s 
and PhD levels together (that is, on a graduate level over-
all), because the training on both levels is advanced. Fur-
thermore, many studies that were included in this review 
did not make a distinction between the two levels. We 
also considered different STEM majors or contexts (e.g., 
the European vs. the US contexts) together, because we 
aimed to detect overarching patterns in evaluative quality 
principles that would be applicable to a variety of majors 
and higher education contexts on a graduate level.

The literature search procedure
The literature search delivered 3244 potentially relevant 
items including duplicates. The main portion of the 
results was obtained via conducting a systematic search 
in the specialized databases (ERIC: n = 1089; PsycInfo: 
n = 1112; Medline: n = 234; Scopus: n = 649). The key-
words of the systematic search can be found in Addi-
tional file  1: Table  S1. The syntax for each database is 
available upon request. While we did not have the oppor-
tunity to carry out searches in all specific databases for 
each STEM education field (e.g., databases focusing on 
engineering education), we expect that the large educa-
tional data bases such as ERIC contain a substantial num-
ber of studies related to our topic in each of those fields. 
Next, the literature search was extended beyond the 
database approaches. Namely, the citations from relevant 
articles were examined (n = 71), and previously collected 
research literature was added (n = 89). The screening was 
conducted in two steps. In the first step, the titles and 
abstracts were scanned to remove duplicates and obvi-
ously irrelevant search results. In the second step, the full 
texts of remaining articles were obtained and examined. 
The full texts of four articles were not found even after 
contacting the authors and were not included in the final 
number.

Figure  1 presents a detailed flowchart of the steps 
undertaken. Two coders (the first and the third authors) 
conducted both steps of screenings. To ensure that the 
same papers were selected, both coders screened all 
papers at both steps according to the inclusion criteria. 
They used codes, such as “yes”, “no”, and “may be”, with 
the later meaning that an article required a joint decision 
during the discussion. All papers were independently 
screened by the two coders during both steps. Although 
the agreement after the first screening was near com-
plete (kappa = 0.88) and that of the second screening was 
strong (kappa = 0.70), there were papers with different 
codes (e.g., “yes” and “may be”, or more rarely “yes” and 
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“no”) or about which the coders had doubts (a code of 
“may be”). All such disagreements were resolved through 
discussion.

In total, 77 articles met the inclusion criteria for this 
review. The distribution across the OECD countries is 
presented in Table 1. The distribution across STEM disci-
plines is presented in Table 2.

After the screening was completed, the graduate 
selection methods from 77 studies were assigned into 
ten categories: (1) prior grades, (2) standardized test-
ing of academic abilities, (3) letters of recommendation, 
(4) interviews, (5) personal statements (i.e., motiva-
tion letters), (6) personality assessments, (7) intelligence 
assessments, (8) language proficiency, (9) prior research 
experience, and (10) various, rarely studied selection 
methods that do not fall under more common methods 
above (such as resumes, selectivity of prior higher edu-
cation institution (HEI), former (type of ) HEI, amount 
and quality of research experience, or composite scores). 
If one study addressed different methods or evaluative 
quality principles, that study was included in all respec-
tive categories. The numbers of papers cross-tabulated 
according to selection method and evaluative quality 

principle are presented in Additional file  1: Table  S2. 
Additional file 1: Table S3 shows the main characteristics 
of studies, such as study design, country, field of study, 
and so forth. Additional file 1: Table S3 also includes the 
summary of the relevant findings per study.

Contributions of this review
The main contribution of this review is that it synthe-
sizes high-quality research evidence across four evalu-
ative quality principles, as proposed by Patterson et al. 
(2016), for both cognitive and noncognitive selection 
methods. No such synthesis has been conducted in the 
field of STEM graduate admissions (For an overview 
of the assessment of only noncognitive constructs in 
graduate education, one may consult the papers of de 

Fig. 1  Flowchart of articles’ selection

Table 1  Distribution of the studies included in the review across 
the OECD countries

OECD country Number of studies 
included in this 
review

Not specified/across continents 19

Across Europe 2

Belgium 1

Canada 1

Mexico 1

The Netherlands 7

Puerto Rico (the unincorporated territory 
of the US)

1

Switzerland 2

Turkey 1

The US 42

Total number of articles 77

Table 2  Frequencies of STEM disciplines in studies reviewed

Discipline Frequencies

Geosciences 2

Pharmacy 1

Natural Sciences overall 2

Technology overall 3

Life sciences overall 7

Mathematics 4

Chemistry 5

Computer Sciences 5

Biology 7

Biomedical sciences 8

Engineering 9

Physics 15

STEM disciplines overall 24
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Boer and Van Rijnsoever, 2022a; Kyllonen et al., 2005, 
2011). Another strong aspect of this review is that it 
compares the findings of primary and secondary (i.e., 
reviews, meta-analyses) studies, wherever possible. 
This is important considering possible limitations of 
primary studies, such as range restriction and crite-
ria unreliability, which can be accounted for in meta-
analyses (Sedlacek, 2003). Overall, this review aims to 
provide a compilation of state-of-the-art research on 
selective graduate admissions in STEM fields of study.

Results
Additional file 1: Table S2 shows the numbers of arti-
cles on each selection method and evaluative qual-
ity principle. We note the overall lack of research on 
the topics of reliability and cost-effectiveness. There-
fore, the evidence below is presented mostly on valid-
ity, acceptability, and procedural issues. When studies 
on reliability or cost-effectiveness are available, they 
are reported in the respective selection methods’ 
categories.

Prior grades
Validity and reliability of prior grades
The research focused on exploring the predictive validity 
of different aspects of grade point average (GPA), such as 
undergraduate GPA (UGPA), the first-year GPA, and the 
last-year GPA. Findings and relevant references are pre-
sented in Table 3. Overall, it appears that UGPA is a valid 
predictor of graduate degree completion, student perfor-
mance on introductory graduate courses, and graduate 
GPA (GGPA). However, UGPA is not valid for predicting 
research productivity (defined as number of published 
papers, presentations, and obtained grants) and passing 
qualifying exams. There is mixed evidence on predictive 
validity of UGPA toward time to graduate degree and fac-
ulty ratings.

Some single studies looked at UGPA in more detail. 
Namely, they disentangled UGPA on first-year UGPA 
and last-year GPA. A study that tried to predict graduate 
degree completion with first-year UGPA found no such 
relationship (DeClou, 2016). A study that explored the pre-
dictive validity of last-year UGPA found that last-year GPA 
is positively related to GGPA (Zimmermann et al., 2017a).

Table 3  Research evidence on validity of prior grades

Valid for the following 
dimensions of study success
(References)

Exceptions or additional findings Mixed /not sufficient evidence 
for the following dimensions of 
study success
(References)

Not valid for the following 
dimensions of graduate success
(References)

Undergraduate grade point average (UGPA)
Graduate degree completion
Positive relationship (Kurysheva et al., 
2022a; Mendoza-Sanchez et al., 
2022; Moneta-Koehler et al., 2017; 
Verostek et al., 2021; Wollast et al., 
2018)

Graduate degree completion
No relation (Cox et al., 2009)

Time to graduate degree
Negative relationship (Howell et al., 
2014; Kurysheva et al., 2022a ; 
Mendoza-Sanchez et al., 2022)
No relation (Moneta-Koehler et al., 
2017)

Research productivity, defined 
as number of published papers, 
presentations and obtained grants
(Howell et al., 2014; Moneta-Koehler 
et al., 2017)

Performance on introductory 
courses
(Moneta-Koehler et al., 2017; Park 
et al., 2018; Willcockson et al., 2009)

Faculty ratings
Positive relationship: ratings 
(Moneta-Koehler et al., 2017)
No relation (Howell et al., 2014)

Passing a qualifying exam
(Burmeister et al., 2014; Moneta-
Koehler et al., 2017)

Graduate grade point average 
(GGPA)
(Bridgeman et al., 2009; Burton & 
Wang, 2005; Howell et al., 2014; 
Kurysheva et al., 2022a ; Kurysheva, 
van Ooijen-van der Linden et al., 
2022; Moneta-Koehler et al., 2017; 
Verostek et al., 2021; Zimmermann 
et al., 2015)

Graduate grade point average 
(GGPA)
The overall good predictive power 
of UGPA differs per field of study. 
UGPA has a stronger predictive 
validity toward GGPA in chemistry 
departments than it has in biology 
departments (Burton & Wang, 2005). 
It also depends on how much nar-
rowed the range UGPA in a study 
is (Burmeister et al., 2014)

The first-year undergraduate GPA
Graduate degree completion
No relationship (DeClou, 2016)

The last-year undergraduate GPA
GGPA
Positive relationship (Zimmermann 
et al. 2015)
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We found one study that addressed the question of reli-
ability estimates. The author calculated eight different 
reliability coefficients for fourth-year cumulative GPA at 
each higher education institution included in the study 
and then meta-analyzed them (Westrick, 2017). The 
study showed that the various reliability estimates ranged 
between 0.89 and 0.92. The author recommends using 
stratified alpha as a reliability coefficient for cumulative 
GPA, which works best with the multi-factor data, due to 
the variation in the processes involved in earning grades 
in the first-year and fourth-year courses (Westrick, 2017).

Procedural issues of prior grades
There are several procedural issues with using prior 
grades for admissions decisions. The first one is grade 
inflation—a practice of awarding higher grades than pre-
viously assigned for given levels of achievement (Mer-
riam-Webster dictionary, n.d.): For example, teachers 
giving higher grades for positive student ratings (Euro-
pean Grade Conversion System [EGRACONS], 2020). 
In her observational study of top graduate research pro-
grams, Posselt (2014) indicated that grade inflation is a 
widespread phenomenon in highly selective universities. 
In such universities, students from underrepresented 
backgrounds are extremely lacking; therefore, setting 
a grade-threshold on a high level disproportionately 
excluded these students (Posselt, 2014).

The second one refers to differences in grading stand-
ards, which relates to the fact that one grade obtained at 
different institutions might reflect a different level of aca-
demic qualification. Grade conversion and grade distri-
bution tables, which are developed to tackle these issues, 
are not without limitations. They can often be crude, and 
this can affect both selection decisions and research done 
on grades as predictors of graduate study success (see, 
e.g., Zimmermann et al., 2017a).

The third procedural issue relates to a possibility of 
cognitive biases of assessors to influence grading: This 
could be an origin of differences in prior grades observed 
between applicants with various socioeconomic status 
(SES), genders, and races (Woo et al., 2023). Finally, the 
relatedness, or fit, between undergraduate and graduate 
programs affects the predictive value of grades received 
during undergraduate studies: When the programs are 
related to a high extent, the relationship between under-
graduate and graduate grades is stronger compared to 
a situation when the undergraduate and graduate pro-
grams are related to a low extent (de Boer & Rijnsoever, 
2022b).

Acceptability of prior grades
Prior grades are a widely accepted selective admissions 
method (Boyette-Davis, 2018; MasterMind Europe, 

2017). The largest weight in admissions decisions is 
given to grades on undergraduate courses that are clos-
est in terms of content to the courses of a graduate pro-
gram (Chari & Potvin, 2019). When explaining what the 
reasons are behind high acceptability of grades and even 
overestimation of their importance in graduate admis-
sions by admissions committees, Posselt (2014) states 
that high conventual achievements, such as grades, are 
consistent with the identity of an elite intellectual com-
munity, which admissions committee members, implic-
itly or explicitly, refer themselves.

Standardized testing of academic abilities
Validity of standardized admissions tests of academic 
abilities
Among different standardized admissions tests, the ones 
which are typically required for selective admissions to 
graduate programs in STEM disciplines are the Graduate 
Record Examinations (GRE) General and GRE Subject. 
All but one study, which addressed validity of stand-
ardized tests, referred to these two GRE tests. The only 
exception was the standardized test EXANI-III, which is 
used in Mexico.

Validity of graduate standardized admissions tests has 
been a controversial topic in research, with some studies 
providing evidence for their weak-to-moderate predictive 
power toward graduate study success and others indicat-
ing the absence of predictive power (see Table 4). From 
Table  4, we can infer that the standardized test most 
often examined is the GRE General.

The GRE General is a positive predictor of first-year 
GGPA, GGPA, and faculty ratings. This is in line with the 
existing reviews and meta-analyses (Kuncel & Hezlett, 
2007b, 2010; Kuncel et  al., 2010). From the majority of 
primary studies, it appears that the GRE General does 
not predict graduate degree completion and research 
productivity defined as the number of publications.

The meta-analyses on the topic, however, found that 
after meta-analytical corrections for statistical artifacts 
in primary studies were applied (such as a correction for 
the restriction of range of a predictor), these two rela-
tionships (1) between the GRE General and degree com-
pletion and (2) between the GRE General and research 
productivity, although weak, were detected (Kuncel & 
Hezlett, 2007a, 2007b).

Finally, there was mixed or limited evidence for GRE 
General efficiency in prediction of time to graduate 
degree, performance on core program courses, qualify-
ing exam, rate of progress, and thesis performance (see 
Table 4 for details).

There is an indication that another standardized test, 
the GRE Subject in Physics, is predictive for faculty 
ratings, while its predictive value for graduate degree 
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completion remains unclear. Two meta-analyses also 
found that the GRE Subject is a meaningful predictor of 
graduate study success (Kuncel & Hezlett, 2007b; Kun-
cel et al., 2010).

Procedural issues of standardized admissions tests 
of academic abilities
The primary studies showed a possibility of (1) adverse 
impact of the GRE on underrepresented groups 
(including ethnic minorities and females in STEM), 
which can be mitigated by applying a systematic and 
holistic approach in reviewing admissions files (Bleske-
Rechek & Browne, 2014; Murphy, 2009; Posselt, 2014; 
Wilson et al., 2018, 2019), and (2) item position effects, 
which can be mitigated by allowing proper time limits 
for taking the test (Davey & Lee, 2011).

However, the reviews and meta-analyses on proce-
dural issues refuted several common beliefs regarding 
standardized tests, such as: (1) the coaching effects, 
which were shown to be modest with one quarter of a 
standard deviation improvement in test performance 
(Hausknecht et  al., 2007; Kuncel & Hezlett, 2007a, 
2007b). Such an improvement refers primarily toward 
the GRE Analytical Writing section (GRE-A) (Powers, 
2017). GRE Verbal Reasoning (GRE-V) and GRE Quan-
titative Reasoning (GRE-Q) were prone to coaching to 
a negligible extent in contrast to claims of commercial 
organizations that prepare test takers for standardized 
tests (Powers, 2017); (2) lack of predictive independ-
ence from SES, which was contested by demonstrating 
that even after controlling for SES, standardized test 
scores remained predictive of study success (Camara 
et al., 2013; Kuncel & Hezlett, 2010); (3) bias in testing. 
Some researchers state that bias in graduate testing is 
a myth, as, according to their findings, standardized 
tests appeared to predict graduate study success of both 
females and males equally (Fischer et al., 2013; Kuncel 
& Hezlett, 2007b) as well as ethnic groups (Kuncel & 
Hezlett, 2007b). The authors of these studies also indi-
cated that the differences in performance between dif-
ferent groups might reflect societal problems, such as 
lack of family, social, environmental, peer, and finan-
cial support. They state that standardized tests sim-
ply expose the preexisting differences created by the 
above-mentioned societal problems (Camara et  al., 
2013; Kuncel & Hezlett, 2010); (4) negative effect of ste-
reotype threat on standardized test performance: Test 
takers, who believe that their nonoptimal performance 
on standardized tests might confirm the stereotypes 
of their minority group’s intellectual capacity, might 
perform worse because of that self-fulfilling prophecy 
(Garces, 2014).

Acceptability of standardized admissions tests of academic 
abilities
Acceptability by admissions committees In the US con-
text, admissions committees—especially for research 
programs—actively use the GRE General and consider 
it to be a valuable contributor for their admissions deci-
sions (Boyette-Davis, 2018; Chari & Potvin, 2019; Rock 
& Adler, 2014). Out of the three sections, GRE-V and 
GRE-Q are used most, while GRE-A is considered the 
least often (only around 35% of surveyed programs; 
Briihl & Wasieleski, 2007). When it comes to position-
ing GRE as a selection method, the GRE appeared less 
important than, for example, previous research experi-
ence, UGPA, and certain personal characteristics (e.g., 
critical thinking, work ethics; Boyette-Davis, 2018). 
However, the GRE had more weight in selection deci-
sions for doctoral programs than for masters’ programs 
(Chari & Potvin, 2019).

A survey among masters’ programs in Europe showed 
that the results of standardized admissions tests are 
rarely used for elimination purposes (only around 5% 
masters’ programs admitted such a practice), but higher 
scores, if present, do provide an advantage to students in 
one fourth of the programs (MasterMind Europe, 2017). 
However, Europe has seen a steady increase in GRE test 
takers (e.g., it increased from 12,243 in 2004 to 29,211 in 
2013) since the introduction of the Bologna Process and 
the increasing internationalization of European gradu-
ate education (Payne, 2015). Test takers aiming to study 
STEM disciplines represented the largest group among 
all European GRE test takers (Payne, 2015).

Acceptability by applicants Applicants viewed the GRE 
as less important in graduate admissions than UGPA, 
recommendation letters, and work experience (Cline & 
Powers, 2014). Applicants coming from racial minority 
groups had more negative feelings about the GRE than 
white test takers (Cline & Powers, 2014). International 
students felt that the GRE is culturally biased (Mup-
inga & Mupinga, 2005). Applicants perceived publish-
ing prompts from GRE-A positively (Powers, 2005) and 
desired to get additional information about their writ-
ing skills beyond their GRE-A score (Attali & Sinharay, 
2015).

Cost‑effectiveness of standardized admissions tests 
of academic abilities
One study looked at this evaluative quality principle. In 
their study, Klieger et al. (2014) provided an example of 
calculation of the benefits for one US doctoral program. 
They estimated the financial benefits of using the GRE 
for admissions and funding decisions as considerable, but 
obviously, the exact numbers will depend on a specific 
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program and a number of GRE sections used for admis-
sions decisions.

Letters of recommendation (LoRs)
Validity and reliability of letters of recommendation
The only primary study which examined predictive valid-
ity of LoRs for STEM disciplines (namely, the biomedical 
sciences) found that the scores on LoRs did not predict 
time to degree, but they were the most powerful predic-
tor of first-author student publications (Hall et al., 2017). 
The review of Kuncel et al. (2014) showed that LoRs do 
not deliver incremental validity over standardized admis-
sions tests and UGPA toward GGPA and faculty ratings 
but do deliver small incremental validity in prediction of 
degree completion (an outcome usually difficult to pre-
dict using other measures). The review of Megginson 
(2009) showed that narrative LoRs have minimal reliabil-
ity and are prone to subjective interpretations.

Procedural issues of letters of recommendation
The primary studies that explored biases in narrative 
LoRs at the graduate level found evidence of: (1) gender 
and race biases (Biernat & Eidelman, 2007; Morgan et al., 
2013); (2) bias arising from tone of LoRs (Posselt, 2018); 
(3) bias arising from admissions committees’ members 
being (un)familiar with the LoR writer (Posselt, 2018); 
(4) bias in admissions committees’ evaluations against 
underrepresented minority groups once applicants’ 
names are visible (Morgan et al., 2013). Requiring admis-
sions committees to elaborate on their evaluations of 
narrative LoRs reduces biases (Morgan et al., 2013).

Acceptability of letters of recommendation
Two primary studies explored the acceptability of LoRs. 
One study showed that LoRs are the second most valued 
selection method in admissions to doctoral programs in 
the US context, because they shed light on applicants’ 
personal characteristics (Boyette-Davis, 2018). However, 
another study in the European context did not find that 
LoRs are given weight by admissions committees when 
they decide to reject or admit a student to a master’s 
program (MasterMind Europe, 2017). In the latter study, 
more than a half (58.3%) of surveyed applicants reported 
that they had to provide an LoR within their application 
file.

Interviews
Validity of interviews
Evidence on validity of interviews in STEM graduate 
programs is limited to two studies. One focused on tra-
ditional interviews and the other on the highly structured 
and formalized form of interviews: multiple mini-inter-
views (MMIs). Traditional interviews do not allow to 

distinguish between most and least productive graduate 
students (in terms of their time to degree and number 
of first-author papers; Hall et al., 2017). However, MMIs 
allow to predict planning-related problematic study 
behavior (oude Egbrink & Schuwirth, 2016).

Procedural issues of interviews
No study addressed the procedural issues of interviews 
specifically in graduate admissions.

Acceptability of interviews
A survey among European masters’ programs demon-
strated that interviews are used in 22.6% of English-
taught masters’ programs across Europe (MasterMind 
Europe, 2017). Although it is not a widely used selection 
method, it is valued and regarded as a good practice by 
admissions committees. In addition, members of admis-
sions committees reported that a poor interview is a rea-
son for rejection in less than 5% of all cases. No studies 
were conducted on how favorable interviews are per-
ceived by applicants to graduate programs.

Cost‑effectiveness of interviews
Interviews can be expensive both for applicants and 
graduate school (Woo et  al., 2023). Applicants may 
be required to travel and/or to take time off from their 
work for an interview. In addition, they usually take time 
to prepare for it. On the side of graduate schools, inter-
viewing takes substantial time investment of admissions 
committees both for preparation and for conducting the 
interviews.

Personal statements (motivation letters)
Validity of personal statements
A meta-analysis on predictive validity of personal state-
ments showed that they were weak predictors of grades 
and faculty ratings and when considered together with 
the UGPA and standardized admissions tests, they pro-
vided no incremental validity (Murphy et al., 2009).

Procedural issues of personal statements
Woo et  al. (2023) bring attention to the fact that finan-
cial and social capitals are of great asset for richer stu-
dents who seek help in writing personal statements. The 
same authors indicate that prior research has shown that 
men tend to use more acting and self-promotional tone 
in writing than females, which can have direct effects for 
creating biases in graduate admissions toward men (Woo 
et al., 2023).

Acceptability of personal statements
Personal statements are used frequently (MasterMind 
Europe, 2017) and are required from international 
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applicants almost twice as often as from internal appli-
cants (i.e., those, who obtained a bachelor’s degree at 
the same institution; MasterMind Europe, 2017). Per-
sonal statements are used to assess students’ motiva-
tion, make inferences about personal qualities, previous 
academic background, and cognitive ability (Kurysheva 
et al., 2019), provide information on whether a student’s 
background will contribute to the diversity of the student 
body (Posselt, 2014).

In most cases, personal statements did not serve as a 
reason for failure in the admissions process, according 
to members of admissions committees (MasterMind 
Europe, 2017).

Intelligence assessments
Validity of intelligence assessments
Intelligence assessments are significantly correlated with 
academic performance (defined as grades, results of edu-
cational tests, and procedural and declarative knowledge; 
Poropat, 2009; Schneider & Preckel, 2017).

Procedural issues of intelligence assessments
Practical utility of intelligence as a predictor of study suc-
cess is usually reduced, because it overlaps significantly 
with measures of prior performance (e.g., grades; Poro-
pat, 2009).

Acceptability of intelligence assessments
In a cross-sectional study on the samples of students in 
the life sciences and natural sciences, it was shown that 
admissions criteria related to intelligence play a moder-
ately important role in admissions decisions along with 
several other admissions criteria (Kurysheva et al., 2019). 
However, those admissions committees participating in 
the study did not apply specific intelligence assessments 
in their programs; the inferences on student intelligence 
were made from other selection methods rather than 
specific intelligence testing (Kurysheva et al., 2019).

Personality assessments
Validity of personality assessments
The most common personality assessment is based on the 
five-factor model named the “Big Five”. It distinguishes 
five primary factors of personality (Goldberg, 1993): (1) 
conscientiousness, and it is one of the most stable find-
ings both from individual and meta-analytical studies 
that conscientiousness is a medium-to-large predictor of 
study success (Butter & Born, 2012; Poropat, 2009; Sch-
neider & Preckel, 2017; Trapmann et  al., 2007; Walsh, 
2020); (2) agreeableness, with mixed findings regarding 
its predictive value; (3) openness to experience, also has 
mixed findings, (4) neuroticism with no significant rela-
tion to study success, (5) extraversion with no significant 

relation to study success (Poropat, 2009; Trapmann et al., 
2007).

Other personal traits, not explicitly included in the Big 
Five, were also examined: (1) grit (defined as determina-
tion to achieve long-term goals), which does not explain 
additional variance in study success beyond conscien-
tiousness (Walsh, 2020); (2) emotional intelligence, which 
has a weak-to-moderate effect on study success (Schnei-
der & Preckel, 2017); (3) need for cognition (defined as an 
inclination to value activities that include effortful cogni-
tion), which has a weak-to-moderate effect on study suc-
cess (Schneider & Preckel, 2017); (4) conscientiousness 
related to time management, so-called ecological con-
scientiousness, which is valid beyond the conventional 
Big Five in predicting Ph.D. performance criteria such as 
research progress, meeting deadlines, and probability to 
obtain a Ph.D. degree on time (Butter & Born, 2012).

Procedural issues of personality assessments
Two procedural issues of personality assessments are 
referred to in the context of graduate admissions: appli-
cant faking and their coachability (Kyllonen et al., 2005). 
They arise from the fact that personality assessments are 
typically based on self-reports.

Acceptability of personality assessments
While graduate admissions committees regard per-
sonality assessment important to consider in principle 
(Kyllonen et  al., 2005), they do not report to use them 
extensively (Boyette-Davis, 2018; MasterMind Europe, 
2017).

Language proficiency assessments
Validity of language proficiency
The available evidence on validity of different language 
assessments toward different dimensions of study success 
is presented in Table 5.

Procedural issues of language proficiency assessments
No studies were detected that examined procedural 
issues of language proficiency assessments, specifically 
for graduate admissions.

Acceptability of language proficiency assessments
Four relevant aspects are worth noting: (1) In the Euro-
pean context, English language assessments were 
required mostly from foreign applicants to masters’ 
programs, although internal applicants are sometimes 
expected to submit them as well (MasterMind Europe, 
2017); (2) Perceived importance of language proficiency 
by faculty members depended on a discipline: In humani-
ties, for example, the importance is higher than in sci-
ence disciplines (Lee & Greene, 2007); (3) Admissions 
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committees usually limit the usage of language proficien-
cies assessments by checking whether the institutional 
cutoff score was met. Faculty members often expressed 
dissatisfaction with the language proficiency of admit-
ted students, because some of them think that the cutoffs 
reflect not adequate but only minimal required language 
proficiency (Ginther & Elder, 2014); (4) Test takers do not 
seem to perceive TOEFL scores as a good indication of 
one’s language abilities (Mathews, 2007).

Prior research experience
Validity of prior research experience
Prior research experience has been shown predictive 
for research skills performance (Gilmore et  al., 2015), 
master’s and doctoral degree completion (Cox et  al., 
2009; Kurysheva et  al., 2022a), GGPA (Kurysheva et  al., 
2022a; Kurysheva et al., 2022b), faculty ratings (Weiner, 
2014), time to degree (Kurysheva et  al., 2022a), but not 
for introductory graduate biomedical course (Park et al., 
2018), graduate student productivity (Hall et  al., 2017), 
time to degree (Hall et al., 2017). A meta-analysis showed 
that research experience during undergraduate studies, 
defined as a dichotomy “present” or “absent”, is unrelated 
to graduate study success (Miller et al., 2021).

Procedural issues of prior research experience
No studies examined procedural issues of prior research 
experience specifically in graduate admissions. However, 
there are concerns raised regarding usage of undergradu-
ate research experience as a selection criterion as it might 
undermine diversity (Miller et  al., 2021) or dilute the 

education mission of graduate curriculum (Kurysheva 
et al., 2022a).

Acceptability of prior research experience
It appears that prior research experience is a valued 
component in graduate admissions (Boyette-Davis, 
2018; Chari & Potvin, 2019). However, the extent of its 
importance depends on whether it is applied to a mas-
ter’s or a doctoral program level (Chari & Potvin, 2019). 
The extent of importance of prior research experience 
also depends on what aspects are available for review. 
For example, simply having a basic level of research 
experience is significantly more important than having 
publications or conference participation records (Boy-
ette-Davis, 2018).

Various graduate selection methods
In this category, the selection methods were collected 
that did not fall in previously reviewed categories: 
undergraduate institution selectivity, type of prior 
degree (bachelor’s or master’s), type of prior higher 
education institution, a rubric based on or a composite 
score of different selection methods, rate of progress, 
duration of prior studies and other specific assessment 
instruments.

Validity of various graduate selection methods
Undergraduate institution selectivity appears to 
have a positive relation to performance during the 
first semester of graduate studies (Moneta-Koehler 
et al., 2017; Park et al., 2018). Having a prior graduate 
degree increases the chances of graduate study success 

Table 5  Research evidence on validity of language assessments

Valid for the following 
dimensions of study success
(References)

Exceptions 
or additional 
findings

Mixed /not sufficient evidence for the 
following dimensions of study success
(References)

Not valid for the following dimensions of 
study success
(References)

Test of English as a Foreign Language (TOEFL)
Graduate GPA
Small positive relationship
(Cho & Bridgeman, 2012; Zimmer-
mann et al., 2017a, 2017b)

First-year GPA
Positive relationship (Burmeister et al. 2014). 
Some studies find the incremental value 
of TOEFL (Cho & Bridgeman, 2012; Zim-
mermann et al., 2017a, 2017b)

Course average; Faculty ratings
Positive relationship (Burmeister et al., 2014)

The Computerized Enhanced ESL Placement Test (CEEPT)
First semester academic performance
Mixed findings (Lee & Greene, 2007)

A scale that considers the nature of the previous language use
Completing a PhD degree in a foreign 
HEI
Positive relationship (Mathews, 2007)
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(Willcockson et  al., 2009). The last four sub tables 
of Additional file  1: Table S.3 (S3.26–S3.29) provide 
details into the findings of single studies on validation 
of all selection methods, which fell in this category.

Procedural issues of various graduate selection methods
Due to the scarcity of validation studies of the selection 
methods in this category, the procedural issues remain 
underexamined. One study addressed academic pedi-
gree as a procedural issue of undergraduate institution 
selectivity (Posselt, 2018). Academic pedigree is the 
belief that higher rank of prior HEI signifies stronger 
student performance potential. In case of academic 
pedigree, the grades might be interpreted within the 
context of how rigorous the student’s curriculum was at 
a prior HEI. However, it appears that the selectivity and 
reputation of prior HEI are not clearly stated but some-
what hidden selection methods (Posselt, 2018). Posselt 

(2018) underscored that “privileging elite academic 
pedigrees in graduate admissions preserves racial and 
socioeconomic inequities that many institutions say 
they wish to reduce” (p. 497).

Acceptability of various graduate selection methods
Acceptability of selection methods in this category var-
ies. The decisive factors in admissions by graduate admis-
sions committees are as follows: certain undergraduate 
courses, type of prior academic background, type of prior 
education institution (Chari & Potvin, 2019).

Other selection methods, even if required, were not 
given substantial weight in selection decisions (Boy-
ette-Davis, 2018; MasterMind Europe, 2017). Among 
them are extracurricular activities, teaching experience, 
quantitative skills, work experience, curriculum vitae 
(CV), photographs, essays, time management skills, 
understanding social relevance of research, evidence 
of integrity. Applicants seem to accept well selection 

Fig. 2  Summary of the findings on two evaluative quality principles: validity and acceptability by admissions committees Note. The location 
of selection criteria (in a larger font) and the respective dimensions of study success (in a smaller font) are approximations based on the findings 
of the review. The colors refer to the X-axis: Red is used for selection methods that are invalid toward respective dimensions of study success. Green 
is used for selection methods that are valid toward respective dimensions of study success
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methods that consist of different scales, even if the 
scales concern questions ranging from scientific knowl-
edge to motivation (van Os, 2007).

Cost‑effectiveness of various graduate selection methods
Using a total score of a rubric that combines differ-
ent selection methods substantially increases the 
admissions rate of underrepresented students without 
increasing the time investment of admissions commit-
tees (Young et al., 2023).

Discussion
This study, which focuses on the available research 
between 2005 and 2023, is the first review on both cog-
nitive and noncognitive selection methods in gradu-
ate education and focuses on STEM disciplines. Studies 
dedicated to reliability and cost-effectiveness of gradu-
ate selection methods were rarely conducted during the 
examined time span. Therefore, the review’s focus was 
on integrating research evidence on the three evaluative 
quality principles of predictive validity, acceptability, and 
procedural issues.

Summary: key findings
Figure 2 provides a visualization of the selection methods 
located according to the extent of their predictive validity 
and acceptability by admissions committees. The dimen-
sions of acceptability by applicants or procedural issues 
are not depicted, because this would require a third and 
fourth dimensions which would make the figure more 
difficult to interpret.

The key findings of this review relate to three main 
evaluative quality principles we examined. The first key 
finding is that the predictive validity of applied selec-
tion methods varies substantially. The medium-to-strong 
predictors of several graduate study success dimensions 
are (1) prior grades (including UGPA), (2) GRE General, 
(3) intelligence assessments, and (4) the personality trait 
conscientiousness. The following selection methods are 
also valid, but to a lesser extent: (1) letters of recommen-
dation, (2) tests on language proficiency, (3) personal-
ity aspects such as emotional intelligence and need for 
cognition, (4) undergraduate research experience (when 
defined as a grade for undergraduate thesis, duration 
of research project, but not as dichotomous absence or 
presence of research experience), and (5) MMI (based on 
limited amount of research). The selection methods in 
graduate admissions with lack of predictive validity were 
also detected: (1) personal statements, (2) traditional 
interviews, and (3) two personal traits (extraversion and 
neuroticism). This review highlights that the specific 

selection methods (e.g., the GRE General and UGPA) 
would appear valid toward certain dimensions of study 
success (e.g., GGPA) but not the others (e.g., research 
productivity).

The second key finding shows that the main procedural 
issues of selection methods are admissions biases, faking, 
coaching effects, item position effects, test preparation, 
and stereotype threat. While for some of the methods, 
the procedural issues constitute a prominent research 
debate (e.g., a debate on biases involved in implementa-
tion of the GRE), the procedural issues of others have not 
been adequately addressed (e.g., imperfections of grade 
conversion).

The third finding is that some invalid selection meth-
ods are widely accepted by admissions committees, while 
a similar method with a more structured format and with 
preliminary indications for validity does not appear to be 
widespread in STEM admissions. For example, personal 
statements appear to have negligible validity, especially 
in the presence of other selection methods but are still 
widely used (see Fig. 2).

Some evidence from outside of STEM graduate admissions
It is important to note that there is profound research on 
procedural issues and acceptability of selection methods 
outside of graduate admissions, namely, in undergradu-
ate admissions and personnel selection. They were not 
included in results, because they did not fulfill inclusion 
criteria for this review. However, they are worth mention-
ing here in the discussion section, because it is unlikely 
that the procedural issues of the same selection method 
such as biases, faking, or coaching would be heavily deter-
mined by the education level. The following two subsec-
tions (procedural issues and acceptability) will, therefore, 
be dedicated to the outline of those procedural issues and 
acceptability of some selection methods that received lit-
tle attention in graduate admissions but were investigated 
in undergraduate admissions and personnel selection.

Procedural issues
Procedural issues of (traditional) interviews. The cur-
rent review did not detect studies on procedural issues of 
interviews in graduate STEM admissions. However, the 
findings from undergraduate, graduate nonSTEM, and 
personnel selection research are as follows.

The first procedural issue is susceptibility of inter-
views to biases toward gender, disability status, and eth-
nicity. Biases during interviews might come into play 
at different moments starting from so-called rapport 
building (a “small chat” aimed at helping applicants to 
feel comfortable), through the interview itself, and dur-
ing the evaluation stage after the interview has ended 
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(Levashina et  al., 2014). Reducing bias and increasing 
validity and reliability of interviews is possible through 
introducing structure and different formats of inter-
view: for example, phone or video interviews are more 
adaptable for structuring than face-to-face interviews 
(Levashina et al., 2014).

The second procedural issue is susceptibility of inter-
views to subjective interpretations of student “soft varia-
bles”, such as motivation. A study on a sample of students 
in a selective college in the Netherlands demonstrated 
that scores on interviews contribute little to prediction 
of study success but create risk of subjective interpreta-
tions. For example, many of the students whom the inter-
viewers indicated were at risk of expulsion finished their 
first year successfully (Reumer & van der Wende, 2010). 
The authors note that “interviews provide extra guidance 
to both the student and the institution as to whether the 
student is choosing the right study program (and not so 
much as whether he is able to complete it successfully)” 
(Reumer & van der Wende, 2010, p. 20).

The third procedural issue of interviews is faking 
by applicants, defined as “the conscious distortions of 
answers to the interview questions to obtain a better 
score on the interview and/or otherwise create favora-
ble perceptions” (Levashina & Campion, 2007, p. 1639). 
Among undergraduate job applicants, the estimates of 
faking, understood in the above-defined broad sense, are 
as high as 90%, and the estimates of faking that is closer 
to lying range from 28 to 75% (Levashina & Campion, 
2007).

The fourth procedural issue is impression management 
strategy used by some applicants (e.g., constant smiling), 
which contributes to admissions committees’ percep-
tion of these applicants as “glowing” and having “a very 
nice personality” (Posselt, 2016, p. 144). The fifth proce-
dural issue of interviews is that they provoke a broader 
actual evaluation of applicants than is formally commu-
nicated. For example, it has been shown that sometimes 
admissions committees’ distrust language skills of certain 
groups of international applicants, and therefore, they 
use the interview as an additional language check, while 
proclaiming that they want to assess applicants’ knowl-
edge on the subject (Posselt, 2016).

The fifth procedural issue is susceptibility of interviews 
to weight bias. It was shown that applicants with higher 
body mass index (BMI) were admitted to a graduate 
psychology program less frequently than students with 
lower BMI, and this difference is especially prominent for 
female applicants (Burmeister et al., 2013).

Procedural issues of personal statements. In the litera-
ture outside of STEM graduate selection, namely, in the 
medical education programs, the biases of gender, age, 
socioeconomic class, country of origin, and ethnicity 

were shown to be present in admissions committees’ 
evaluations of personal statements (for the description, 
see the review of Kuncel et al., 2020).

Procedural issues of personality assessments. Similar to 
findings in graduate admissions, researchers who con-
ducted studies in undergraduate and personnel selec-
tion show that the major procedural issue appears to be 
faking (Birkeland et  al., 2006; König et  al., 2017; Pavlov 
et al., 2019). The extent of faking depends on personality 
dimension under examination, type of test, aimed posi-
tion (Birkeland et  al., 2006), and situation stakes (Pav-
lov et  al., 2019). However, there are approaches, where 
supervisors of students are asked to report on their per-
sonality, and while the supervisors also tend to fake when 
reporting on the personality of their students, the extent 
of their faking is smaller (König et al., 2017).

Acceptability
In personnel selection, a review was conducted on how 
favorable different selection methods are rated by job 
applicants. From the review, it appears that the most pre-
ferred methods are work sample and interviews; over-
all favorably evaluated selection methods are resumes, 
cognitive tests, references, and personality assessments. 
The least preferred are honesty tests, personal contacts, 
and graphology (Anderson et  al., 2010). Each selection 
method was assessed on several acceptability scales. For 
example, perceived scientific validity of LoRs is low, but 
their interpersonal warmth is high. In contrast to LoRs, 
intelligence assessments are perceived high on scientific 
validity and respectful of privacy but low on interper-
sonal warmth (Anderson et al., 2010). Interestingly, when 
it comes to structure of interviews, both applicants and 
interviewers perceive structured interviews less posi-
tively than unstructured interviews (Levashina et  al., 
2014). Similar to interviews, applicants perceive per-
sonality assessments favorably, especially the dimension 
“opportunity to perform” (Anderson et al., 2010).

Graduate selection methods as a distinct area for research
This review maps research evidence on selection meth-
ods used specifically at the graduate level. Several 
selection instruments that are used in admissions to 
professional schools such as medical school (e.g., situ-
ational judgment tests, MMIs, and selection centers) 
are not used in graduate STEM admissions. What are 
the potential reasons for this difference? The most obvi-
ous difference is that admissions to professional schools 
are directed toward detecting certain skills and traits of 
applicants to predict key competencies which are differ-
ent from those of STEM researchers. The frameworks 
have been developed that define key competencies in 
medical profession (e.g., the Canadian Medical Education 
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Directives for Specialists). They specify the knowledge, 
skills, abilities, and other characteristics (KSCAOs), 
related to competent performance within certain health-
care professions (for example, see Kerrin et  al., 2018). 
Like medical education, graduate STEM education is also 
confronted with the question of which KSCAOs define an 
engineer or a researcher in STEM fields. A more general 
question would be even broader: whether a person is a 
researcher or a professional or not—and if not, why not? 
Does this have to do with academic freedom of research-
ers (Vrielink et al., 2011) and their roles as producers of 
critical knowledge, contributors to expansive learning, 
and organizers of a space for dialogue (Miettinen, 2004)? 
Do the existing selection instruments reviewed in this 
study adequately capture prerequisites for competent 
performance on researchers’ roles? Are there any other 
selection methods that have potential to do this better? 
This review might, therefore, be regarded only as one of 
the first steps toward getting closer to answering such 
questions.

Implications for research and practice
Implications for research. This review has revealed signif-
icant gaps in the existing research, with an extremely low 
number of papers examining certain selection methods 
that appear to demonstrate medium and strong valid-
ity in graduate education. For example, the validity of 
MMIs, last-year GPA, and prior research experience have 
all been investigated in single studies, and the results 
are promising. To draw more meaningful conclusions, 
researchers in the field of student selection may wish to 
study the validity and other evaluative quality principles 
of these methods across a range of student populations 
and disciplines.

Implications for practice. From our review, it appeared 
that the selection methods that have no predictive value 
in graduate student selection are (1) personal statements; 
(2) traditional interviews; (3) narrative recommenda-
tion letters. Therefore, it is advised to avoid these instru-
ments when making admissions decisions. This, however, 
does not mean that these instruments cannot be used for 
other purposes. For example, personal statements may be 
used for encouraging students to reflect on their motiva-
tion for a specific program and getting acquainted with it 
through exploration of the program’s curriculum, intern-
ship opportunities, and career perspectives (Wouters 
et al., 2014).

The variety of selection methods which practitioners 
should consider including in their selective admissions 
to research masters’ programs in STEM are as follows: 
(1) undergraduate grade point average (UGPA), (2) GRE 
General, (3) standardized language tests, such as TOEFL.

With additional caution, the following methods could 
be considered: (1) prior research experience (for admis-
sions to research graduate programs); (2) GPA for the 
last year of a bachelor’s program; (3) standardized rec-
ommendation letters; (4) multiply mini-interviews; 
(5) standardized certified intelligence assessments; (6) 
assessments of (ecological) conscientiousness.

Inclusion of each of these selection methods should 
be guided by understanding which dimensions of study 
success these selection methods are capable of predict-
ing, whether a selection method is accepted (and to what 
extent) by admissions committees and applicants, and 
whether the admissions committees are aware of the cor-
rect usage of a selection method.

Future directions
The methodological approach toward researching selective 
admissions
In most of the primary studies reviewed, the regression 
approach was used. While it is a widely accepted type of 
analysis in this field, it is limited, because the findings on 
amount of explained variance are usually hard to inter-
pret. Moreover, the findings based on the regression 
approach do not allow one to set the cutoff scores. Future 
research would benefit from applying other methodolo-
gies. For example, Bridgeman et al. (2009) offer a method 
that divides students within a department into quartiles 
based on a selection method of interest and a dimension 
of study success. The methodology that allows (under 
certain conditions) the establishment of cutoff scores 
for selective admissions methods is the Signal Detection 
Theory (van Ooijen-van der Linden, 2017). Finally, future 
research approaches toward selection methods should 
account for a multilevel and dynamic nature of student 
selection (Patterson et al., 2018) as well as the importance 
of other evaluative quality principles of selection meth-
ods not addressed in this review, such as practicality/
administrative convenience, ease of interpretation, and so 
forth (see for the full list Patterson and Ferguson, 2010).

Future directions in practice of selective admissions
Research evidence on selection methods has advanced 
significantly in recent years. In some national and insti-
tutional contexts, the research findings are actively 
being translated into practice (e.g., Council of Gradu-
ate Schools, 2021). However, along with that, “today’s 
faculty choose students on the basis of an array of per-
ceptions that only sometimes have a strong evidentiary 
basis” (Posselt, 2016, p. 176). Therefore, professionaliza-
tion of admissions staff and formation of communities 
of good admissions practices are required. Even despite 
certain gaps in research, already existing evidence allows 
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significant progress toward the evidence-based policy 
on selective admissions for graduate schools across the 
world.

In addition to professionalization of admissions staff, 
it is important to consider monitoring and evaluation 
of the admissions process: Is there a closed-loop control 
of the admissions process? Are the selection methods 
scrutinized adequately in accreditation? Is there suffi-
cient reporting on the chosen admissions process and 
selection methods applied in the HEI to higher levels? 
Ultimately, the answers to these questions reflect the 
extent of accountability of admissions committees for the 
soundness of their admissions practices. Accountability 
would imply reporting on data on each selection round 
to higher levels within HEI’s organization. Institutional 
research, in turn, could have a role in analyzing emerg-
ing patterns, testing these against relevant models, and 
giving warning signals when substantial deviations occur. 
This would contribute to an adaptive admissions process 
that could eventually lead to fairer and more objective 
graduate admissions (Zimmermann et al., 2017a, 2017b).

Selective admissions and societal responsibility
Considering increasing numbers of applications and 
capacity limitations at research universities, evidence-
based student selection is increasingly recognized as a 
socially significant practice which should diminish rather 
than enhance inequality. Failing to meet requirements of 
fairness, objectiveness, and transparency primarily leads 
to missed opportunities for capable students and a HEI, 
the inability of a HEI to justify the selection decisions, 
jeopardizing the diversity of the student body, infringe-
ment of students’ rights on equal access to higher edu-
cation, and the loss of time and efforts both by students 
and institutions. In extreme cases, abandoning qual-
ity requirements toward selective admissions process 
might lead to appearances of criminal bribing schemes 
(e.g., the 2019 college admissions bribery scandal in the 
US). Designing a sound admissions process for graduate 
level education is, therefore, a necessary step for pre-
venting these issues from arising or to cease their exist-
ence entirely. Finally, student selection has become an 
increasingly politicized societal topic, where advocacy 
groups and politicians are actively participating. In some 
countries, the alternatives to selective admissions are dis-
cussed, such as re-introducing the (weighted) lottery sys-
tem in the Netherlands as a more neutral solution (The 
national government of the Netherlands, 2021). How-
ever, there is some critique of its effect on equal access, 
because a weighted lottery is based on selection criteria 
as well (Council of State of the Netherlands, 2021).

Limitations
Drawing conclusions from a large number of papers inev-
itably brings a risk of losing the nuances of each study 
(see Additional file  1: Table  S3 for more details). It also 
means that the samples of studies on predictive valid-
ity of graduate selection methods in several instances 
included not only STEM students but also students from 
other disciplines. Even if the strength of the relationship 
between a selection method and various dimensions of 
graduate study success is diluted by inclusion of students 
from other disciplines, it is unlikely that the direction of 
relationship would be the opposite. From this, however, 
an advantage appeared that the findings of this review to 
a certain extent are generalizable to other academic disci-
plines within graduate levels of education.

Another limitation is that our inferences on the effects 
sizes (negligible, small, medium, and strong effect 
sizes) were based on the interpretations of the studies’ 
authors. To refine the estimations of the effect sizes, the 
meta-analyses on reviewed selection methods would 
be required. Such goals were outside the scope of this 
review; however, the indications that this review pro-
vides are robust enough to answer the main question on 
whether a selection method is valid in principle.

Furthermore, most studies on the topic were car-
ried out in the US, which has inevitably influenced this 
review. Therefore, practitioners and policymakers out-
side the US should account for this unintentional bias 
when referring to the results and conclusions of this 
review. However, we think that the cultural/geographical 
bias may have mainly impacted the results and conclu-
sions related to acceptability of selection methods as it 
addresses individuals’ perceptions, which are more eas-
ily affected by culture. On the other hand, we think that 
(a) validity and (b) procedural issues of selection meth-
ods are much less affected by cultural/geographical bias, 
because these evaluative quality principles relate to  (a) 
the predictive power toward uniformed dimensions of 
study success and (b) concerns involved in using certain 
selection methods. For example, a common concern 
regarding richer applicants having more financial pos-
sibilities than poorer applicants to be coached on stand-
ardized testing is relevant in any country.

Finally, the reviewed literature on acceptability of selec-
tion methods often contained evidence from admissions 
committees’ self-reports. Their reports could have been 
(un)consciously biased to a certain extent if they did 
not want to report, for example, the usage of invalid yet 
favored selection methods. Therefore, the observational 
ethnographic studies, like the one of Posselt (2016), gain 
special importance in this area of research: The obser-
vation might be a more appropriate method to detect 
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“hidden” selection criteria and group dynamics within 
an admissions committee, because these concealed pro-
cesses are influential toward admissions decisions.

Conclusion
The main aim of this review was to collect, map, synthe-
size, and critically analyze the available research evidence 
on graduate selection methods with a focus on STEM dis-
ciplines. The results of the systematic search of research 
literature were categorized according to a type of selec-
tion method and core evaluative quality principles (pre-
dictive validity, acceptability, and procedural issues). Ten 
categories of graduate selection methods emerged. It was 
found that the predictive validity of prior grades, GRE 
General, intelligence assessments, and conscientiousness 
toward several study success dimensions is of medium-
to-strong extent. Letters of recommendation, tests on 
language proficiency, emotional intelligence, and need 
for cognition are valid as well, but of weak-to-medium 
extent. Based on the limited evidence, it also appears 
that prior research experience, multiple mini-interviews, 
and selectivity of prior institution might have significant 
relationships with certain dimensions of graduate study 
success. Personal statements, traditional interviews, and 
personal traits such as extroversion and neuroticism are 
invalid predictors of graduate study success.

When choosing the selection methods to be applied 
in the admissions process, policy makers and admis-
sions committees should use only valid instruments. 
They should also be aware of typical applicant reactions 
toward these methods as well as procedural issues, such 
as possible adverse effects toward certain groups, sus-
ceptibility for biases, faking, coaching, and stereotype 
threat. The admissions committees are advised (1) to 
completely exclude invalid selection instruments from 
their admissions requirements, (2) to define the dimen-
sions of study success that are most important for their 
program, (3) to use those selection methods that showed 
predictive validity toward these predefined study success 
dimensions, accounting for applicant reactions and pro-
cedural issues of each of those methods, and (4) to ensure 
the accountability of the admissions process by reporting 
on data on each selection round to higher levels within 
HEI’s organization, which should in turn conduct further 
analysis and regular evaluations of admissions processes.
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