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Standardized ability tests that are associated with intelligence are often used 
for student selection. In Germany two different admission procedures to select 
students for medical studies are used simultaneously; the TMS and the HAM-Nat. 
Due to this simultaneous use of both a detailed analysis of the construct validity 
is mandatory. Therefore, the aim of the study is the construct validation of both 
selection procedures by using data of 4,528 participants (Mage = 20.42, SD = 2.74) 
who took part in a preparation study under low stakes conditions. This study 
compares different model specifications within the correlational structure of 
intelligence factors as well as analysis the g-factor consistency of the admission 
tests. Results reveal that all subtests are correlated substantially. Furthermore, 
confirmatory factor analyses demonstrate that both admission tests (and their 
subtests) are related to g as well as to a further test-specific-factor. Therefore, 
from a psychometric point of view, the simultaneous use of both student selection 
procedures appears to be legitimate.
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1. Introduction

In general, student selection procedures are usually used when there are more applicants 
than there are study places. This is especially the case for some study courses, like medicine 
in Germany.

In this context, specific aptitude tests measuring cognitive abilities and/or specific 
knowledge are often used as a selection criterion since many years. Numerous studies 
indicate that cognitive abilities predict school performance (Roth et al., 2015), educational 
attainment (Deary et al., 2007), training success, job performance (Schmidt and Hunter, 
1998; Hülsheger et al., 2007; Kramer, 2009), and success in university studies (Hell et al., 
2007; Schult et al., 2019). In general intelligence can be defined as a broad cognitive ability 
that includes the understanding of complex ideas, adaptability to environmental 
conditions, learning from experience, and problem solving through analysis (cf. Neisser 
et al., 1996). Concerning the construct validity of intelligence Spearman (1904) already 
noted that different indicators of cognitive ability usually show positive intercorrelations 
(i.e., positive manifold). This led him to the assumption that all intelligence tests are 
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determined by one general factor (g) and that g in turn can 
be  assessed by every intelligence test (i.e., indifference of 
indicators). In current higher-order factor models g is regarded as 
a factor standing at the apex of a hierarchy of intercorrelated 
subordinate group-factors (cf. Jensen, 1998; McGrew, 2009) and 
there is considerable evidence that different intelligence tests tap 
the same general latent factor (Johnson et al., 2004, 2008). Going 
beyond classical higher-order models, recent studies (Gignac, 
2006, 2008; Brunner et al., 2012; Valerius and Sparfeldt, 2014) 
argue that they can be extended by nested-factors that account for 
systematic residual variance not covered by g. The results of 
Valerius and Sparfeldt (2014) for example show that the fit of a 
nested-factor model was relatively better than a higher-order or 
general-factor model.

Due to the federal structure of the educational system in 
Germany, universities are sovereign to decide about the selection 
criteria for their students. The current practice in medical studies 
is that universities use one of two tests explicitly developed for the 
selection of medical students (Schwibbe et  al., 2018): the 
Hamburger Naturwissenschaftstest (HAM-Nat; en. Hamburg 
Natural Science Test; Hissbach et  al., 2011) and the Test für 
medizinische Studiengänge (TMS; en. Test for Medical Studies; 
Kadmon et al., 2012). Within the scope of a nation-wide research 
project (“Studierendenauswahlverbund stav”; en. student 
admission research network), the existing tests as well as three 
additional reasoning tests, which were developed within the stav, 
were examined under low- and high stakes conditions. In 2020, 
the HAM-Nat consisted of four different scales measuring natural 
science knowledge as well as numerical, verbal, and figural 
reasoning. Those three reasoning scales, which measure fluid 
intelligence, were added to the original HAM-Nat in order to 
enable a broader measurement of cognitive abilities beside the 
crystallized intelligence. Overall, 2,234 people participated 
2020 in the 2:15 h session at three universities. The TMS consists 
of 8 specific modules measuring different cognitive abilities and 
has a total working time of 5:07 h. It was used by 37 universities 
and had 37,092 applications in the year 2022.

Previous studies showed that the test scores from both possess 
predictive validity and the included items suitable psychometric 
properties in terms of internal consistency (Hell et al., 2007; Hissbach 
et al., 2011; Kadmon et al., 2012; Werwick et al., 2015; Schult et al., 
2019). As all of these studies exclusively deal with only one of the tests, 
there is currently no evidence concerning the construct validity 
between their test scores. This can be regarded as a research gap for 
three reasons: (1) With respect to the comparability of the selection 
procedures it would generally be  important to know if different 
universities apply different standards. (2) If both tests assess the exact 
same construct, it would be more economical to only use one test. (3) 
Nested factors that are specific for each of the two tests could explain 
variance of study aptitude that is not covered by the other one. A 
combined test could therefore allow a better prediction of study 
success than both tests alone.

This study is a first step to close this research gap. We are able 
to provide first evidence concerning the construct validity between 
the scores of two tests by using a large sample of applicants that 
completed a short version of the Ham-Nat science test plus the 
three reasoning tests (numerical, verbal, and figural) from the 

stav-project,1 as well as four of eight subtests from the TMS. In the 
following, we refer to the four TMS-modules as “TMS” and to the 
combination of HAM-Nat and the three reasoning subtests as 
“HAM-Nat.” In doing so, we compared the following models also 
presented in Figure 1:

 • g-model: In a first step we analysed the classical g-factor model 
in the sense of Spearman (1904). Here, all subtests load on a 
single general factor and all other variance is regarded as 
measurement error.

 • HO-model: Taking higher-order factor models into account 
(Jensen, 1998; McGrew, 2009) we  inspected a model with 
separate group factors which represent the shared variance of the 
subtests within the HAM-Nat or the TMS and give rise to a 
superordinate g-factor.

 • NF-model: The idea of a nested-factor structure (Gignac, 2006, 
2008; Brunner et  al., 2012; Valerius and Sparfeldt, 2014) was 
evaluated by a model in which variance not bound by g is 
explained by specific factors within the HAM-Nat or the TMS.

 • TS-model: Following Johnson et al. (2004, 2008) we analysed a 
test-specific model with separate g-factors for the subtests of the 
HAM-Nat and the TMS. Shared variance between the tests is 
represented by correlation between the test-specific factors.

2. Methods

2.1. Sample and procedure

Table 1 shows the demographic details for the total sample as well 
as for the samples in the subtests. The total sample consisted of 4,537 
participants with a mean age of 20.42 years (SD = 2.74, 16 ≤ age ≤ 56). 
All participants were registered for the TMS high stakes test carried 
out in 2021. Respondents received a link and completed a practice 
online test at home in an unsupervised setting.

The test preparation study consisted of eight different subtests, 
all of which are used for admission tests in medicine (four subtests 
of the eight TMS-scales, all four subtests of the HAM-Nat). While 
the HAM-Nat subtests were presented in random order, the TMS 
subtests were presented en-bloc in the same order as under high 
stakes conditions. The reason for this inconsistent approach is that 
we offered a cost-free preparation study to all participants registered 
to the TMS in 2021. The incentive to participate in our study was a 
practice condition as close as possible to the original test format. 
Therefore, the order of the individual subtests of this selection test 
was standardized  identically to that of the real student selection 
test. However, in order to meet our research requirements and the 
state-of-the-art of randomisation, we decided to present the single 

1 The stav-project investigates different subtests within the framework of the 

Studierendenauswahl-Verbund (stav; en. Student Selection Network). It 

investigates the HAM-Nat, to which three subtests were added, and the 

TMS. One aim of stav is to evaluate the different subtests in order to scientifically 

find out how the current student admission procedures in medicine could 

be improved.

https://doi.org/10.3389/feduc.2023.1120129
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Levacher et al. 10.3389/feduc.2023.1120129

Frontiers in Education 03 frontiersin.org

HAM-Nat scales in random order. In contrast to the high stakes 
conditions, all subtests were presented in an online version here. 
Respondents received detailed feedback of their results as a 
further incentive.

2.2. Materials

Respondents completed eight different subtests. Thereof, four tests 
(DT, TC, QFP, BMS) are subtests of the TMS, and the remaining four 
(HST, FM, APS, RR) of the HAM-Nat. All tests have in common that 
they are presented as multiple-choice questions.

Diagrams and tables (DT): Respondents are provided with data 
presented in tables or diagrams (e.g., a figure showing the relationship 
between blood clotting time and the number of platelets in patients 
with different diseases and therapies) and have to analyse them to 
infer specific information not directly presented in the material (e.g., 
find out whether the blood clotting time can be normal even if the 
number of platelets is severely reduced).

Text comprehension (TC): This subtest contains four longer 
scientific texts (e.g., about growth hormones, related control loops and 
feedback mechanisms) and six questions for each text concerning 
specific information that can be derived (e.g., An adult patient has an 
increased concentration of GH. According to the text, what factors can 

FIGURE 1

Confirmatory factor analyses for alternative models estimating general and specific factors of both admission tests.

TABLE 1 Demographic variables and sample sizes for all subtests.

N Age Gender

M SD Female Male Diverse Missing

Overall 4,537 20.42 2.74 3,440 1,083 5 9

DT 3,250 20.36 2.66 2,451 794 4 1

TC 3,419 20.37 2.63 2,593 821 4 1

QFP 3,901 20.39 2.70 2,954 938 5 4

BMS 4,502 20.42 2.74 3,416 1,073 5 8

Nat 3,354 20.37 2.70 2,532 817 2 3

FM 1,532 20.36 2.66 1,140 390 1 1

APS 958 20.41 2.82 711 245 0 2

RR 1,252 20.22 2.52 962 289 0 1

N, sample size; M, mean; SD, standard deviation; DT, diagrams and tables; TC, text comprehension; QFP, quantitative and formal problems; BMS, basic understanding of medicine and the 
sciences; Nat, HAM-Nat science test; FM, figural matrices; APS, arithmetic problem solving; RR, relational reasoning.

https://doi.org/10.3389/feduc.2023.1120129
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Levacher et al. 10.3389/feduc.2023.1120129

Frontiers in Education 04 frontiersin.org

be  the cause of it?). All questions can be  answered without any 
prior knowledge.

Quantitative and formal problems (QFP): In this subtest 
respondents receive descriptions of complex arithmetic relations in a 
biomedical context and have to understand them in order to answer 
related questions (e.g., the formula of the energy charge E describing 
the energetic situation of a cell is explained. Then it must be calculated 
how the energy charge of a cell with certain proportions of ATP, ADP 
and AMP changes when the available ADP is converted into AMP).

Basic medical and scientific understanding (BMS): The aim of this 
subtest is to assess the ability to extract complex and demanding 
information from a text. Respondents receive texts dealing with 
medical and scientific topics (e.g., transport mechanisms for small 
ions) and have to decide which of several statements can be derived 
from the text (e.g., if a certain pharmaceutical agent inhibits transport 
of potassium ions into the extracellular space). In contrast to TC-tasks, 
the presented texts are shorter, and only one question per text has to 
be  answered. Again, no prior knowledge is necessary to answer 
the questions.

HAM-Nat science test (Nat): The questions of this subtest deal 
with school knowledge in biology, chemistry, physics, and 
mathematics at the upper secondary school level relevant to the 
medical field. The questions can only be  solved by using prior 
knowledge not included in the question (e.g., calculating the molar 
mass of acetonic acid when only the molecular formula and the molar 
masses are given).

Figural matrices (FM): The items of this subtest are 3 × 3 matrices 
filled with geometric symbols that follow certain design rules (e.g., 
symbols in the first and second cell of a row add up in the third cell). 
The last cell of the matrix is left empty, and respondents have to select 
the symbols which logically complete it.

Arithmetic problem solving (APS): In this subtest respondents 
receive short descriptions of arithmetic relations (e.g., After a price 
reduction of 20 percent, product A costs four times as much as 
product B, which costs 20 euros. How much did product A cost before 
the price reduction?).

Relational reasoning (RR): Respondents receive a set of premises 
(e.g., City A is larger than city C; City B is smallest; City D is smaller 
than city A) have to integrate them logically to find answers to 
corresponding questions (e.g., Which is the biggest city?).

2.3. Statistical analysis

All statistical analyses were carried out using R version 3.5.1. 
We computed Cronbach’s alpha (α), item difficulties (p) as well as the 
part-whole corrected item-total correlations (rit) for each of the eight 
subtests. Furthermore, all intercorrelations between the mean scores 
in the subtests were calculated. The construct validity models 
presented in the introduction were tested by conducting confirmatory 
factor analyses in the R package lavaan (Rosseel, 2012) using the 
maximum likelihood estimator. We calculated the χ2 goodness of fit 
statistic, the root mean square error of approximation (RMSEA), the 
standardized root mean square residual (SRMR), the comparative fit 
index (CFI), and the Tucker-Lewis Index (TLI). Following (Hu and 
Bentler, 1999) CFI values greater than 0.95, TLI values greater than 
0.95, RMSEA values close to 0.06 and SRMR values smaller than 0.08 
were regarded as indicators of good model fits. Akaike’s Information 

Criterion (AIC) and the Bayesian Information Criterion (BIC) were 
used to compare the different construct validity models, with lower 
values indicating a better fit (Schwarz, 1978). A difference of the 
RMSEAs between two models (ΔRMSEA) greater than 0.015 was 
regarded as an additional indicator of the difference of model fits 
(Chen, 2007).

3. Results

3.1. Item statistics, internal consistency, 
correlations

The descriptive statistics for the item difficulties and item-total 
correlations of the subtests as well as the internal consistencies can 
be found in Table 2. It can be seen that items of all subtests cover a 
considerably wide range of difficulties and that the item-total 
correlations as well as the internal consistencies can be described 
as acceptable.

The correlations between the sum scores of the subtests are 
presented in Table 3. All subtests show substantial and significant 
correlations with the other ones (0.25 ≤ r ≤ 0.67). The highest mean 
correlation can be found among the subtests of the TMS (M(r) = 0.53) 
while lower mean correlations can be found among the HAM-Nat 
subtests (M(r) = 0.46) and between the HAM-Nat and the TMS 
subtests (M(r) = 0.38).

3.2. Results of the confirmatory factor 
analyses

The results of the confirmatory factor analyses are presented in 
Figure 1. All factor loadings and (if applicable) latent correlations were 
significant and substantial. The fit indices of the four tested models as 

TABLE 2 Number of items of all test parts as well as Cronbach’s alpha, 
item difficulties and item-total correlations.

TMS HAM-Nat

DT TC QFP BMS Nat FM APS RR

# items 24 24 24 24 20 28 16 16

M(p) 0.59 0.60 0.55 0.56 0.45 0.55 0.59 0.66

SD(p) 0.17 0.14 0.15 0.21 0.11 0.09 0.17 0.18

Range (p) 0.19; 

0.86

0.30; 

0.85

0.29; 

0.91

0.24; 

0.95

0.24; 

0.61

40; 

0.78

0.26; 

0.87

0.24; 

0.93

M(rit) 0.32 0.36 0.34 0.29 0.30 0.56 0.37 0.33

SD(rit) 0.05 0.06 0.07 0.08 0.08 0.08 0.09 0.07

Range (rit) 0.21; 

0.40

0.20; 

0.44

0.22; 

0.49

0.14; 

0.40

0.04; 

0.44

0.39; 

0.70

0.27; 

0.50

0.27; 

0.47

Cronbach’s 

α

0.78 0.82 0.81 0.75 0.74 0.93 0.78 0.73

p, item difficulty; M(p), mean item difficulty; SD(p), standard deviation of mean item 
difficulty; rit, part-whole corrected item-total correlations; M(rit), mean item-total 
correlations; SD(rit), standard deviation of mean item-total correlations; DT, diagrams and 
tables; TC, text comprehension; QFP, quantitative and formal problems; BMS, basic 
understanding of medicine and the sciences; Nat, HAM-Nat science test; FM, figural 
matrices; APS, arithmetic problem solving; RR, relational reasoning.
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well as the McDonald’s Omega (ω) of their latent variables are shown 
in Table 4. The χ2 goodness of fit statistic was significant for all of the 
models. The fit indices (CFI, TLI, RMSEA, SRMR) for the g-model 
and HO-model indicate model misfit while they predominantly did 
not exceed the cut-offs for the other two models. The NF-model, on 
the other hand, had an excellent fit. A comparison of the information 
criteria (AIC, BIC) reveals that they were lowest in the NF-model, 
followed by the TS-, the HO and the G-model. The same pattern is 
revealed by inspecting the ΔRMSEA (see Table 4). Thus, it seems that 
both tests are indicators for a general intelligence factor. Intelligence  
can be  inferred with the help of both tests and construct validity 
therefore exists.

4. Discussion

The goal of this study was to provide first insights concerning the 
construct validity of the scores from the existing admission tests 
developed for the selection of medical students in Germany.

Our findings are based on a large sample of respondents that 
completed a broad and representative set of subtests included in the 
two tests. The basic psychometric properties of the subtests (difficulty, 
item total correlation, internal consistency) demonstrate the suitability 
of the database for further analyses. The inspection of the 
intercorrelations between the sum scores of the subtests clearly shows 
a positive manifold. Besides this, the correlations of the subtests within 

the HAM-Nat and the TMS were higher than the correlations between 
them. The confirmatory factor analyses reveal a more differentiated 
picture. For the models comprising only a single general factor 
(g-model) or a higher-order structure in which test-specific group-
factors give rise to a general factor (HO-model) we found fit indices 
that were considerably below the respective cut-offs. The models 
containing test-specific factors that are independent from a general 
factor (TS-model, NF-model) showed better fit indices. This is in line 
with our results concerning the information criteria which would also 
favour the models with independent test-specific factors.

The results of our study are in line with the previous literature 
dealing with the construct validity of intelligence. The positive 
manifold of the subtests of the HAM-Nat and the TMS show that they 
share a substantial amount of variance. This corresponds with 
Spearman (1904) idea of g and higher-order factor models (e.g., 
Jensen, 1998; McGrew, 2009) that conceptualize a general intellectual 
ability that is independent from the test used to assess it. This also 
shows that a considerable amount of systematic variance exists that is 
not shared by the two tests. Therefore, our results support the recent 
literature that found evidence for test-specific ability factors beyond g 
(e.g., Brunner et al., 2012; Valerius and Sparfeldt, 2014).

It should be noted that this study was conducted under low 
stakes conditions in an unsupervised setting. It is therefore possible 
that participants spent more time on each subtest, used prohibited 
tools (e.g., calculators, taking notes) or had a lower overall 
motivation than under a high stakes condition. It is therefore 
possible that both tests represent the construct even better under 
high-stakes conditions, since the participants work in a more 
focused manner, which might result in a higher validity of the test 
score due to reduced error variance. On the other hand, people are 
better prepared under high-stakes conditions. It is precisely this 
preparation that could have an influence on the test result and lead 
to an increased error variance under high-stakes conditions. The 
higher motivation among participants can also influence the result 
(Levacher et al., 2021). To account for this possibility, an attempt 
was made to increase the motivation of the participants, as the 
study provided an opportunity to prepare for the high-stakes test 
and the results were re-ported back as an incentive. Additionally, it 
is worth noting, that all participants for this study were chosen from 
the database of people who were registered for the TMS. Therefore, 
they may not have been prepared for the HAM-Nat, potentially 
affecting their motivation to complete this part of the assessment. 
For this reason, it was decided in advance to present only very easy 
items of the Nat, which may also have had an influence on the 

TABLE 3 Correlations between the sum scores of all subtests.

DT TC QFP BMS Nat FM APS RR

DT 3,169 3,222 3,241 2,799 1,340 816 1,063

TC 0.62* 3,396 3,410 2,871 1,374 821 1,077

QFP 0.63* 0.57* 3,882 3,098 1,446 892 1,162

BMS 0.61* 0.67* 0.60* 3,331 1,526 946 1,243

Nat 0.40* 0.41* 0.49* 0.37* 1,387 865 1,118

FM 0.34* 0.29* 0.36* 0.25* 0.36* 435 583

APS 0.51* 0.43* 0.53* 0.40* 0.55* 0.50* 570

RR 0.36* 0.32* 0.28* 0.30* 0.42* 0.40* 0.56*

*p < 0.001; Pearson correlation with pairwise-deletion; below the diagonal correlations are 
shown; above the diagonal the sample sizes are presented; DT, diagrams and tables; TC, text 
comprehension; QFP, quantitative and formal problems; BMS, basic understanding of 
medicine and the sciences; Nat, HAM-Nat science test; FM, figural matrices; APS, arithmetic 
problem solving; RR, relational reasoning.

TABLE 4 Fit of the four tested models.

Χ2 df p CFI TLI RMSEA SRMR AIC BIC Δ 
RMSEA

ω

g TMS HAM-
Nat

G-model 2,520.84 20 <0.001 0.843 0.781 0.166 0.074 198,285 198,387 0.85

HO-model 745.32 17 <0.001 0.954 0.925 0.097 0.037 196,516 196,638 0.069 0.85 0.73

TS-model 745.32 19 <0.001 0.955 0.933 0.092 0.037 196,511 196,620 0.005 0.85 0.73

NF-model 324.68 12 <0.001 0.980 0.954 0.076 0.022 196,104 196,259 0.016 0.71 0.26 0.23

df, degrees of freedom; CFI, comparative fit index; TLI, Tucker–Lewis index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; AIC, Akaike 
information criterion; BIC, Bayesian information criterion; ω, McDonald’s omega.

https://doi.org/10.3389/feduc.2023.1120129
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Levacher et al. 10.3389/feduc.2023.1120129

Frontiers in Education 06 frontiersin.org

results. With regard to the TMS, comparability to the full TMS may 
be impaired, as only four of the eight subscales were administered 
and the items used had been published before in preparation books, 
so that some participants may have known them already. With 
respect to the current selection practice for medical students in 
Germany it is noteworthy that the large amount of shared variance 
between the two tests shows that universities using either the 
HAM-Nat or the TMS do not apply entirely different standards. 
Nevertheless, neglecting the specific ability aspects not shared by 
the two tests could result in a loss of valuable information. Given 
this fact it could be reasonable to combine both tests or at least parts 
of them.

To achieve this, in a further study the specific variances should 
be examined in more detail to consider predictive validity. For this 
purpose, a regression with the study success as criterion and the 
variance of the g-factor as well as the two specific variances (HAM-Nat 
and TMS) as predictors should be  estimated. In this way, it can 
be analysed whether, in addition to g, test-specific variance predicts 
study success, or whether the test-specific variance merely reflects 
methodological variance.

5. Conclusion

Taken together, both subtest groups under study (TMS and 
HAM-Nat) seem to measure a very similar cognitive ability, despite 
different theoretical concepts. It can be assumed, that both subtest 
groups are related to g as well as to a further test-specific-factor. Even 
if both specific-factors are correlated, specific-non-shared parts 
remain. Therefore, the non-shared variance of each test should 
be further analysed by including university grades in our models to 
investigate their incremental validity. Referring to our findings, the 
parallel use of both procedures for the selection of students seems to 
be legitimate from a test-theoretical point of view.
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