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Background: Aptitude tests are widely used for selecting medical students.
Although their validity has been well documented, aptitude tests are sometimes
suspected to create unequal opportunity for candidate groups with lower
socioeconomic status due to limited resources (i.e., time, money, support) for
preparatory activities. This study aims to explore how preparatory activities and
money spent on preparation affect the results of the German aptitude Test for
Medical Studies (TMS).

Methods: A standardized questionnaire was administered to all medical school
applicants who sat the TMS in 2018. Participants were asked about the amount of
time and money spent on different preparatory activities (i.e., information booklet,
books, computer, study groups, and fee-based training courses) and their level of
motivation during preparation. Univariate and multivariate multiple regressions
were used to examine the influence of these variables on the TMS test score
and its subtests.

Results: N = 7903 participants completed the questionnaire. Only preparation
with books and training courses were significantly associated with an increase
in the TMS total score. Self-reported motivation during preparation had a larger
effect on test scores than money spent on preparation. However, all effect sizes
were rather small. At the subtest level, preparation with books was the only
activity which was significantly associated with an improvement in all subtests.
The complex field-specific subtests were less associated with preparation than
the less complex subtests.

Conclusion: The findings indicate that motivation may be a more important
predictor for success in the TMS than money spent on preparation. As books
were the most effective and cost-efficient way of preparation, financial
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investments for test preparation do not appear to yield significant advantages,
which is an important prerequisite for equal opportunity. Using more field-specific
subtests and cost-free online training opportunities could be useful in further
improving equal opportunity.

aptitude test, medical school selection, preparatory activities, motivation, admissions,

equal opportunities

Introduction

In general, medical schools seek to identify the best and
most motivated candidates to recruit their students (Turner and
Nicholson, 2011) and frequently use aptitude test results as one
important criterion to this aim. Despite their wide use and
documented validity (e.g., Patterson et al., 2016; Schult et al,, 2019),
aptitude tests have been criticized to potentially disadvantage some
candidate groups over others. For example, aptitude tests have been
suspected to create unequal opportunity for candidate groups who
might have limited access to preparatory activities, for example due
to limited time for dedicated study or high cost (Laurence et al,
2013; Gliatto et al., 2016; Kumar et al,, 2018). While the impact
of preparatory activities on general aptitude or achievement tests
has been studied for some time, there is significantly less research
on tests used specifically for medical student selection. This is
especially true for the selection of medical students in Germany.
We therefore seek to determine the effects of various preparatory
activities on the results of the widely used German Test for Medical
Studies (TMS) to identify potential sources of unequal opportunity
between candidate groups.

In the German medical school selection process, the TMS
is one of the most important selection criteria in addition to
school-leaving grades and predicts academic performance over
and above school-leaving grades (Kadmon and Kadmon, 2016).
Approximately two-thirds of all available study places are affected
by its score and an applicants TMS result may constitute the
decisive factor for obtaining a study place as it can outweigh
less-than-optimal school grades. Consequently, its use in the
selection process has resulted in more diversified student cohorts
(cf. Kadmon et al, 2012). However, more diversity is not
synonymous with equal opportunity. For example, in Germany
and other countries such as the UK, private-sector companies
offer prospective applicants expensive preparatory training courses
promising them better test results and thus higher chances to
get into medical school. Whether this is ethical with regard to
equal opportunity is one question, another question is whether
the promise can indeed be kept - does paying more money
for training courses have an actual effect on test results and,
therefore, lead to higher chances of being admitted? As results of an
aptitude selection test should be driven by the relevant or desirable
characteristics of a medical student (i.e., their true aptitude), factors
that are likely to introduce systematic bias — such as money spent
on training courses - should be inconsequential.

Several studies and meta-analyses (e.g., Messick and Jungeblut,
1981; Powers and Rock, 1999; Briggs, 2004, 2009) have found
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positive effects of training courses on the results of general
university admission tests like the SAT. However, these effects
are usually small and considerably lower than promised by the
training course providers. For example, Briggs (2004) reported
improvements of 0.11 to 0.31 standard deviations on the verbal
and math subscales after training courses. For admission tests
used specifically for medical school applications, there are mixed
results. According to an Australian study, spending more money
on training courses appeared to improve participants’ confidence
in their test results for the Australian Undergraduate Medicine
and Health Sciences Admission Test (UMAT), while their test
results did not exceed those of participants who did not attend
training courses (Wilkinson and Wilkinson, 2013). Similar results
were obtained for the UK (Lambe et al, 2012) and the US
(McGaghie et al, 2004). However, in another Australian study,
training courses yielded a positive effect on UMAT test results
(Laurence et al.,, 2013). To our knowledge, similar and up-to-date
results are currently not available for the TMS in Germany apart
from some experiments in the 1980s pointing to only a small degree
of trainability of certain subtest items (Deter, 1982).

Since courses are not the only type of preparation for the TMS
that a prospective applicant can choose from, the general question
is whether it is possible to achieve good test results with more
affordable means of preparation such as books, the computer, or, in
case of the TMS, the complimentary information booklet. However,
a higher affordability of certain preparatory activities can only
contribute to equal opportunity if these less costly alternatives do
not require test takers to invest more time in them for comparable
results, as time may be viewed as a resource that not everyone has
equal access to. Dedicated time for study has already been discussed
as one limiting factor in lower SES applicants (Girotti et al., 2020)
and preparation time as well as test results are often positively
associated, whith both linear (Lambe et al,, 2012) and logarithmic
relationships (Messick and Jungeblut, 1981; Hausknecht et al,
2007) being found. However, a wealth of psychological research
has found that too much of a positive virtue can have an inverse
effect- which has been described as the “Inverted-U effect” (e.g.,
Yerkes-Dodson law, Grant and Schwartz, 2011). It is therefore
also conceivable that too much time spent on preparation for the
TMS might have adverse effects on results. While this study seeks
to evaluate the relative impact of a range of intended and less
intended factors that affect the TMS results, including ability (high
school grades), type of preparatory activities, investments, and self-
reported motivation during preparation, not all of the less intended
effects necessarily introduce undesirable bias. In general, effects of
preparation do not necessarily have to adversely affect the validity
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of a test if they reflect actual gains in the measured ability (e.g.,
Briggs, 2009; Arendasy et al., 2016). However, strong effects of
preparatory activities can be detrimental to equal opportunity if
not all participants have the same access to effective preparatory
activities or the same time resources to prepare for the test.

Moreover, motivation is a factor that an aptitude test is not
intended to measure directly, but usually has positive effects on
test results, and may be assumed to be a desirable characteristic
in a medical student (Kusurkar et al., 2013; Orsini et al., 2016).
According to the expectancy-value theory of motivation (Wigfield
and Eccles, 2000) an individual’s persistence and success with a
task results from the individual both ascribing high value to the
task (intrinsic motivation) and being confident in his or her own
ability to master it (which should be correlated with actual ability).
Both have been found to positively predict learning choices and
academic performance in longitudinal studies (Durik et al., 2006;
Denissen et al,, 2007). Additionally, motivation, especially if it can
be considered intrinsic or autonomous (i.e., not induced by outside
sources or incentives, but rather coming from the person itself), is
increasingly acknowledged as an important factor to consider in the
selection and teaching of medical students (Kusurkar et al., 2013;
Orsini et al,, 2016). Autonomous motivation has also been found to
predict academic performance in and adherence to medical studies
(Sobral, 2004). Therefore, even though aptitude tests in medical
selection may not be intended to measure motivation, motivation
may affect the results without limiting the predictive validity of
the test.

In sum, this study seeks to explore the roles and relative impacts
of preparation time and types, motivation, and financial investment
on overall TMS performance. Moreover, as the TMS-subtests differ
in the degree of complexity and abilities measured, another aim
of this study is to examine whether the subtests are affected by
these factors in different ways. As different aptitude tests vary
internationally with regard to the specific cognitive abilities they are
designed to measure (e.g., Mathew and Thomas, 2018), this might
shed some light on the generalizability of our results to different
kinds of cognitive aptitude tests. Thus, our research questions are
as follows:

1. What is the relative impact of motivation, time, and
financial investment into certain preparatory activities on
the TMS results?

2. Are certain preparatory activities more advantageous than
others with regard to the TMS test results?

3. Are certain TMS-subtests more robust to preparatory
activities than others?

Materials and methods

Sample and procedure

We administered a paper-based questionnaire (Supplementary
Figure 1) to all 10.433 participants of the 2018 TMS in all 48 test
centers. Participation in the evaluation study was optional and took
place before the actual test. TMS scores of all participants were
gathered on the same day.
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To match the TMS result with the answers in the voluntary
evaluation questionnaire, we only included participants who
provided their TMS-participant ID in the questionnaire and gave
answers to all relevant questions. The TMS-participant ID was
then used to match the TMS result as well as the participants’
sex and age with the results of the voluntary evaluation. The
final sample consisted of 7903 participants (75.8% of the overall
cohort), of which 30.2% were male. On average, the participants
were 19.20 years old (SD = 1.97) and had an average high school
GPA of 1.68 (SD = 0.46).

Measures

Questions and response scales were based on previous studies
(e.g., Deter, 1982; Bartussek et al., 1984; Trost et al., 1998; Briggs,
2009) and were developed in a consensus process between expert
groups comprised of test developers and members of the medical
faculty of the University of Heidelberg involved in the selection
process.

The questionnaire was kept as short as possible due to limited
time and to reduce participant burden. Questions were tested in
two pilot studies before being used in the current study. Piloting
was aimed at resolving issues with understandability and scaling.
Questions and response scales are described in detail in the
following paragraphs.

Predictors

Age: The participants’ date of birth was collected as part of the
TMS-registration process and was used to calculate the participants’
age at the time of testing.

Sex: The participants’ sex was collected as part of the TMS-
registration process.

GPA: Participants were asked to enter their high school grade
point average in a two-digit open response field (from 0.7 = “highest
possible result” to 6.0 = “insufficient”).

Motivation: We asked participants to indicate their degree of
motivation during preparatory activities on a five-point rating scale
(“My motivation during preparations was. ..” ranging from “very
low” to “very high”).

Time spent on preparation: Participants were asked to indicate
the respective number of hours spent on a scale ranging from 0 to
80 hours in 10-hour-increments (i.e., 0, 1-10, 11-20, 21-30, 31-40,
41-50, 51-60, 61-70, 71-80) for each of the following preparatory
activities:

e Cost-free complimentary information booklet provided by
the TMS provider upon registration including an in-depth
explanation of the type of tasks including some sample
items.

e Books (e.g., books with original earlier versions of the TMS
published for training purposes by the TMS provider).

e Commercially organized courses by third-party providers.

e Computer-based opportunities (e.g., forums, social media,
exchange platforms).

e Learning in self-organized study groups with peers.

For data analyses, the mean value of the respective response
option was used. For example, the option 31-40 h was treated as
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35.5 h in the analyses. Responses were given within a three-digit
open response field in case the number of hours exceeded 80 for
any given preparatory activity. If there was a number of hours
specified in the three-digit open response field, that amount of
time was used for the analyses. In previous analyses of preparation
activities for the TMS (Deter, 1982; Bartussek et al., 1984; Trost
et al.,, 1998) participants were asked whether they had used the
information booklet, books, or training courses for preparation.
Evaluation questions for a similar test used in Switzerland, the
EMS (Eignungstest fir das Medizinstudium), additionally included
time spent in study groups (e.g., Zentrum fir Testentwicklung und
Diagnostik, 2022). We included all of these preparation activities
and additionally introduced computers as an option.

Preparation costs: We asked participants to indicate the
amount of money spent on preparatory activities on a scale ranging
from EUR 0 to 200 in EUR 20-increments (0, 1-20, 21-40, 41-60,
61-80, 81-100, etc.) supplemented by a four-digit open response
field in case the amount of money spent exceeded EUR 200. Again,
the mean value of the respective response option was used for the
analyses. If there was an amount of EUR specified in the four-digit
open response fleld, that amount was used for the analyses.

Outcome

Test results: The TMS in 2018 comprised nine subtests:
Pattern Assignment (Muster Zuordnen; MUZ), Basic Medical and
Scientific Understanding (Medizinisch-naturwissenschaftliches
Grundverstindnis; MNGV),
SF), Quantitative and Formal Problems (Quantitative und
formale Probleme; QFP), Concentrated and Precise Working
(Konzentriertes und sorgfiltiges Arbeiten; KONZ), Text
Comprehension (Textverstindnis, TV), Learning of Figures
(Figuren lernen; FIL), Learning of Facts (Fakten lernen; FAL),
Charts and Tables (Diagramme und Tabellen; DUT). Previous
confirmatory factor analyses have shown that a three-factor

Tube Figures (Schlauchfiguren;

structure (i.e., reasoning, perceptual speed and memory) is most
suitable to describe the structure of the TMS (Trost et al., 1998).
According to Trost et al. (1998) the subtests can additionally be
divided by complexity (i.e., complex and less complex subtests).
The four complex deductive reasoning subtests have an especially

TABLE 1 Subtests of the TMS.

Subtest
(abbreviation)

10.3389/feduc.2023.1104464

strong focus on medicine-related content and require rule
inference and problem solving based on different information
from complex verbal and/or numerical material (Trost et al., 1998).
The five remaining subtests are referred to as less complex, because
they capture individual, more narrowly defined abilities (e.g., Trost
1998). An overview of all TMS-subtests together with the
respective tasks, the associated factors in the three-factor model,
and the complexity of each subtest are depicted in Table 1. We

et al,,

used raw scores for all analyses. For all subtests except KONZ the
raw score was derived by summing up the number of correctly
solved items. For KONZ the scoring consists of three steps.
First, the number of correctly evaluated symbols is determined
for each participant, which results in a value of -800 to 1600.
Second, the top and bottom 2.5 percent of all participants receive
a score of 0 and 20, respectively. Third, the values in between are
divided into equal intervals and are assigned a score from 1 to 19
accordingly.

To calculate the TMS total score, all subtest scores were added
up to obtain the resulting sum ranging from 0 to 178 points.
The complete scoring of the TMS is explained in more detail in
the information booklet for participants (ITB Consulting GmbH,
2022). The TMS results were then matched with the evaluation
questionnaire data and with data from the participant database
provided by participants during the registration process for the
TMS. Table 2 summarizes the means and standard deviations of
all predictors and outcomes.

Data analysis

To determine the relationship between time and money
spent on preparatory activities and the total TMS score, we
used a hierarchical multiple regression analysis. For analyses
of the TMS-subtests, we conducted a hierarchical multivariate
multiple regression to determine the global effect of all predictors
(motivation, expenses, and preparatory activities) on all nine TMS-
subtests simultaneously. Subsequent univariate multiple regression
analyses were performed to determine the unique relationships
between each of the predictor and criterion variables. To account

MUZ Detection of the correct image section from a complex image Perceptual speed

MNGV Comprehension of short texts with medical or natural scientific content Reasoning High

SF Mental rotation of three-dimensional objects Perceptual speed/Reasoning Low

QFP Dealing with numbers, variables, and formulas within a medical or natural Reasoning High
scientific context

KONZ Detection of certain letter or symbol sequences in a row of 1600 letters or Perceptual speed Low
symbols

vV Comprehension and analysis of longer schoolbook-like texts Reasoning High

FIL Memorizing figural information in a short period of time Memory/Perceptual speed Low

FAL Memorizing verbal information in a short period of time Memory Low

DUT Interpretation of graphs and tables within a medical or natural scientific Reasoning High

context

Factor structure according to Trost et al. (1998); some subtests are allowed to load on more than one factor in the three-factor model.
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for multiple testing in the subsequent univariate analyses, the alpha
level was adjusted to 0.005 via Bonferroni correction. In the first
step of every regression, we controlled for age, sex and high school
GPA. Because participants could not be randomly assigned to the
different conditions, this approach was chosen in accordance with
Briggs (2004), as these variables have been demonstrated to be
associated with performance on aptitude tests (e.g., Briggs, 2004;
Buchmann et al., 2010) and therefore are potentially confounding
variables. The multivariate multiple regression was performed with
R (R Core Team, 2022) and all other analyses were conducted with
SPSS 24.0.

Our results are reported as standardized and unstandardized
regression coeflicients with 95% confidence intervals. Standardized
regression coefficients are used to make comparisons between
predictors which are on different scales (e.g., preparation time
and motivation), whereas unstandardized regression coefficients
are used for comparisons of the preparatory activities. We report
corrected R? determinants to adjust for potential overestimation
bias due to a high number of predictors.

TABLE 2 Descriptive summary for all variables.

I I N
Sex

Female 5516 69.8
Male 2387 30.2
Age 19.20 1.97 =
High school GPA 1.68 0.46 =
Motivation 3.62 0.84 1-5
Preparation duration (in hours) 0-80 (10-h
increments)
plus 3-digit
input field
Preparation with information booklet 6.08 7.65
Preparation with books 35.78 33.27
Preparation with computer 5.64 11.46
Preparation in study groups 3.05 8.65
Training courses 5.39 13.61
Expenses (in EUR) 139.11 275.74 0-200 (20
Euro
increments)
plus 4-digit
input field
Test scores
TMS score 96.66 21.29 0-178
MUZ score 9.29 2.82 0-20
MNGYV score 10.32 3.58 0-20
SF score 14.43 3.33 0-20
QFP score 8.91 3.98 0-20
KONZ score 10.41 4.49 0-20
TV score 10.15 3.48 0-18
FIL score 10.45 3.52 0-20
FAL score 12.82 4.11 0-20
DUT score 9.89 3.65 0-20

N =7,903. n, sample size; M, mean; SD, standard deviation.
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Requirements for regression analysis

Regarding multicollinearity, all variables were found to have a
tolerance value above 0.67, well above the minimum threshold of
0.25 suggested by Urban and Mayerl (2006), p. 232). In addition,
the VIF value for each predictor is close to 1, as such being far below
the threshold of 5.

To check for correlation between residuals, we ran the
Durbin-Watson test with a resulting value of 1.88 which is
well within a tolerable range of 1.5-2.5. Hence, we assume no
problem related to residual autocorrelation. Graphical analyses
(p-p-plots) show that residuals follow a normal distribution
(Supplementary Figures 2- 4).

To test for the heteroscedasticity of residuals, we constructed a
chart of residuals (y-axis) and regression values (x-axis). As values
scatter randomly in a dot-like shape (Supplementary Figures 5-7),
we assume no problem of heteroscedasticity. Taken together, the
requirements for regression analyses were met.

Check for non-linear effects

To consider possible non-linear (in particular quadratic and
logistic) effects, especially for the time participants spent on
preparing for the TMS, we performed graphical analyses (i.e.,
residual and scatter plots) in addition to the CURVEFIT procedure
in SPSS, neither of which provided strong enough evidence
of a non-linear relationship. Entering quadratic terms for the
predictors in the multiple regression analyses yielded negligible
amounts of additional explained variance at best (ranging from
AR? < 0.001 to AR? = 0.014). Therefore, we report the more
parsimonious linear models.

Results

The associations of preparatory activities,
motivation, and expenses with the TMS
total score

The results of our regression model testing the associations of
motivation, preparatory activities, and expenses in addition to age,
sex and high school GPA with the TMS total score are depicted in
Table 3. 79.3% of all participants used the information booklet for
preparation, 92.9% used books, 49.0% used the computer, 23.8%
used learning groups, and 18.9% used training courses. 2.6% of all
participants indicated that they had invested more than 80 hours in
at least one of the preparatory activities.

The corresponding correlation matrix of all predictors and the
outcome variable can be found in Table 4. We also calculated
correlations between all predictors with the relative times spent
on each preparatory activity (absolute time spent on preparatory
activity x divided by the sum total of times spent on all preparatory
activities) to facilitate interpretation. The results are depicted
in Table 5.

In total, the model explains 20% of variance, where 9% of
variance is explained by the control variables (high school GPA, age,
and sex) and 11% is explained by the predictors motivation, time,
and expenses incrementally over GPA, age, and sex.

Our results indicate that with an increase in self-reported
motivation by one point on the respective scale, such as from
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low to medium or from medium to medium-high, the TMS score
increases by 3.90 points (b = 3.90, CI [3.35, 4.46]) on a scale from 0
to 178 points, holding all other predictors constant.

Regarding the time spent on different preparatory activities,
significant but small associations can be detected: their average
magnitude equals less than a one point change of the 178 points
in the TMS score.

When studying one hour longer and holding all other factors
constant, using the information booklet is associated with a
decrease of 0.211 (b = —0.211, CI [-0.267, —0.155]) points in the
TMS score, using books with an increase of 0.118 (b = 0.118, CI
[0.104, 0.132]) points. With an average across all participants of
about 36 hours spent preparing with books, this factor accounts
for an increase of about 4.2 points or 0.19 standard deviations on
average (note that we used the standard deviation of 21.56 points
from the total sample as reference). In contrast, using computer
programs was associated with a decrease of 0.10 (b = —0.10, CI
[—0.137, 0.063]) points and using training courses with an increase
of 0.076 (b = 0.076, CI [0.038, 0.114]) per hour. With the average
preparation time of roughly 5.5 h, preparation with training courses

TABLE 3 Hierarchical multiple regression analysis predicting the TMS-score.

10.3389/feduc.2023.1104464

would account for an increase of 0.4 points or 0.02 standard
deviations on the TMS total score. Spending more time learning
in study groups is not significantly associated with the TMS score
(b =0.06, CI [0.01, 0.111]).

Expenses for preparatory activities show a significant
association with the TMS score. Each Euro spent on preparatory
activities is associated with an increase of 0.004 (b = 0.004,
CI [0.002, 0.006]) points in the TMS-score. This means that -
according to our model - an investment of 250 EUR would
be associated with a TMS total score increase of one point
out of 178 points. 136 EUR - the average amount spent on
preparation — on the other hand, would result in a predicted TMS
total score increase of about 0.6 points or 0.03 standard deviations.
Additionally, test-takers who spend more money overall on
preparation are significantly more likely to spend most of their
time preparing with training courses suggesting that training
courses are the main driver of preparation cost (r(7901) = 0.51,
p < 0.001). Comparing the standardized regression coeflicients, the
association of motivation with the TMS score is 2.5 times stronger
than the association of expenses with the TMS score.

Step 1 0.09
Control variables®
Step 2 0.20 0.11
Constant 105.676 2.36 / 44.78 <0.001 101.050 110.302
Motivation 3.904 0.28 0.15 13.79 <0.001 3.349 4.459
Preparatory activities:
Information booklet —0.211 0.03 —0.08 —7.41 <0.001 —0.267 —0.155
Books 0.118 0.01 0.18 16.45 <0.001 0.104 0.132
Computer —0.100 0.02 —0.05 —5.28 <0.001 —0.137 —0.063
Study groups 0.060 0.03 0.02 2.34 0.020 0.010 0.111
Training courses 0.076 0.02 0.05 3.95 <0.001 0.038 0.114
Expenses 0.004 0.00 0.06 4.60 <0.001 0.002 0.006

N =7,903. b, unstandardized regression coefficient; SE, standard error; 3, standardized regression coefficient; ¢, t-test; p-value, probability; CI, confidence interval; LL, lower limit; UL, upper

limit; R?, adjusted coefficient of determination; AR?, change in the corrected coefficient of determination; *Control variables included age, sex, and high school GPA.

TABLE 4 Pearson correlations of all predictors in the final regression model.

(1) Information booklet

(2) Books 0.04**

(3) Computer 0.12%* 0.00

(4) Study groups 0.04** 0.14** 0.04**

(5) Training courses 0.01 0.13%* 0.03%* 0.24**

(6) GPA 0.06** 0.07** 0.07** 0.06** 0.07**

(7) Motivation 0.11%* 0.40** 0.10** 0.13** 0.15%* 0.02*

(8) Expenses —0.03* 0.18** 0.03** 0.17** 0.55%* 0.05** 0.16**

(9) Age 0.06** 0.08** 0.06** 0.01 —0.02* 0.33** 0.00 0.01

(10) Sex® 0.06** 0.09** —0.02* 0.00 —0.01 —0.07** 0.09** 0.02* —0.06**

(11) TMS score —0.08** 0.23** —0.06** 0.07** 0.11** —0.33%* 0.22** 0.13** —0.08** —0.06**
N =7,903; *p < 0.05, **p < 0.01; 0, male, 1, female.
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TABLE 5 Pearson correlations of predictors with relative time spent on
each preparatory activity.

(1) Information booklet

(2) Books —0.52%*
(3) Computer 0.06* | —0.56**

p
4) Study groups —0.13** | —0.22%% | —0.10**
( y group
5) Training courses —0.21%* | —0.32%* | —0.15**
(5 g
(6) GPA —0.05"* | —0.16 0.02 0.03** 0.05**
(7) Motivation —0.22%* 0.21** | —0.11** 0.02* 0.09**
(8) Expenses —0.22% | —0.07* —0.13** 0.07%* 0.51%*
(9) Age —0.04** 0.05** 0.01 —0.02%* | —0.05**
(10) Sex® —0.03* 0.10** | —0.07** | —0.03* —0.03*
(11) TMS score —0.20%* 0.19** | —0.17** 0.02 0.11**

N =7,903; relative preparation time was calculated by dividing the absolute time spent on the
respective preparatory activity by the sum total of times spent on all preparatory activities;
*p < 0.05, **p < 0.01; 20, male, 1, female; The correlations for the variables 6 to 11 can be
found in Table 4 and are thus not displayed here.

The association of preparatory activities,
motivation, and expenses with TMS
subtest results

Because the multivariate multiple regression yielded significant
results for all predictors (Table 6), univariate multiple regressions
were performed for each subtest to determine the unique
relationships with each predictor (Tables 7, 8). The univariate
regression analyses showed differences with respect to the
incremental variance explained by motivation, preparatory
activities, and expenses. When controlled for age, sex, and GPA
the complex field-specific subtests TV (AR?> = 0.012), QFP
(AR? =0.013), MNGV (AR? = 0.014), DUT (AR? = 0.008) are less
affected by preparatory activities, expenses and motivation than
the remaining subtests MUZ (AR? = 0.075), SF (AR? = 0.121), FIL
(AR? = 0.097), FAL (AR? = 0.118), KONZ (AR? = 0.05).

Self-reported motivation showed a significant association with
all subtest-scores. Regarding the complex subtests, a one-point
increase in self-reported motivation was associated with a score
increase of 0.211 points (DUT) to 0.306 points (MNGV). For
the less complex subtests, a one-point increase in self-reported
motivation was associated with a score increase of 0.445 (KONZ)
to 0.759 (FAL) points.

Concerning the different preparatory activities, studying with
the information booklet and books showed a significant association
with all subtests. Preparation with the information booklet was
associated with a decrease of points in all subtests, ranging from
- 0.02 (TV) to - 0.026 (QFP) points per self-reported hour for
the complex subtests and from - 0.016 (MUZ) to - 0.036 (FAL)
points for the less complex subtests. For preparatory activities with
books, one self-reported hour was associated with an increase in
points ranging from 0.004 (DUT) to 0.007 (MNGV and QFP)
for the complex subtests and from 0.011 (MUZ) to 0.025 (FAL)
points for the less complex subtests. Preparatory activities on the
computer were not associated with the complex subtests MNGV
and QFP. For DUT and TV preparation on the computer was
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TABLE 6 Hierarchical multivariate multiple regression analysis predicting
the nine TMS-subtests.

T e, o

Step 1

Control variables?

Step 2

Motivation 0.96 9, 7884 37.19%*

Preparatory activities:
Information booklet 0.99 9, 7884 7.59%*
Books 0.93 9, 7884 61.97**
Computer 0.99 9, 7884 4.50**
Study groups 1.00 9, 7884 2.94**
Training courses 0.99 9, 7884 8.627**

Expenses 0.99 9, 7884 7.467**

N = 7,903. TMS-subtests are MUZ, MNGYV, SE, QFP, KONZ, TV, FIL, FAL and DUT.
Df = degrees of freedom; *Control variables included age, sex, and high school GPA;
*p < 0.05,**p < 0.01.

associated with a decrease of 0.009 and 0.01 points per self-reported
hour respectively. For all less complex subtests preparation on the
computer was associated with a decrease in points, ranging from
0.011 (SF) to 0.014 (MUZ and FAL) per self-reported hour.

Spending time preparing in study groups only showed
significant associations with the less complex subtests MUZ and
KONZ with an increase of 0.012 to 0.016 points per each self-
reported hour, respectively. Time spent in training courses also had
no significant association with the complex subtests. In contrast, the
time spent in training courses was associated with a point increase
on all less complex subtests. The increase of points per self-reported
hour ranges from 0.011 (FIL) to 0.022 (KONZ) points.

Expenses for preparatory activities showed significant
associations with the less complex subtests except for KONZ. The
increase of points per self-reported hour was 0.001 for FIL, MUZ,
SE and FAL respectively. No associations of expenses were found
with the complex subtests.

Discussion

The association of motivation, time, and
financial investment with TMS results

In the current study, we assessed the association of self-reported
motivation, time spent on various preparatory activities, and
financial investment with TMS results of a cohort of medical school
applicants. Most notably, preparatory activities and money spent
for preparation had only small associations with the TMS result,
while, for example, self-reported motivation during preparatory
activities had a 2.5-fold stronger association with the TMS score
than the money spent on it.

As we controlled for preparation time, the aforementioned
association of motivation with the TMS result cannot be explained
by a mere difference in duration, but rather appears to point to
a difference in the quality of time spent. Motivation might play a
role in how a person “uses” the preparation time and also how he
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or she works on the TMS during the actual test-taking procedure.
Highly motivated persons might take the TMS more seriously.
Additionally, persons with higher motivation may perceive the
TMS tasks as more joyful than others and have a higher interest in
them, because motivation is associated with positive emotions such
as interest and enjoyment (Deci and Ryan, 1985; Brandstitter et al,,
2018).

Interestingly, motivation also appears to be a factor in the
differences we found in the effectiveness of time spent on each
preparatory activity. The higher the motivation, the more absolute
time test-takers spent on either of the preparatory activities. It is
not surprising that participants who are more motivated invest
more time in preparation, but it is also noteworthy that they
appear to invest more time in preparatory activities that are efficient
(especially books). This may be the result of a combination of
two different pathways: motivated test-takers may be drawn to
the modes of preparation which are ‘per s¢’ more effective modes
of preparation, and it is also conceivable that due to higher
motivation, the overall quality of the time they spent on the more
effective activities positively affected results.

On the other hand, we investigated the association of money
spent on preparation with the TMS result. Previous studies on
whether financial resources are a significant predictor of high-
stakes admission test results have yielded contradictory findings
(e. g. Lambe et al.,, 2012; Laurence et al., 2013; Wilkinson and
Wilkinson, 2013). Our results show, that financial investments in
preparatory activities play a statistically significant but a practically
small role. Therefore, our findings are in line with studies in the
context of other study admission tests showing the direct effects
of money spent on preparation to be very small and, therefore,
either non-significant or overrated (e.g., Powers and Rock, 1999;
Sackett et al., 2008; Wilkinson and Wilkinson, 2013). All other
factors (including motivation) being equal, mere time spent on the
different preparatory activities — the information booklet, books,
computer, study groups, and training - yielded only small positive
and sometimes even small negative associations with the total
TMS score and its subtests, respectively. This suggests that the
mere quantity of time invested in preparation is not the decisive
factor in achieving good test results. However, within these small
associations, some relevant differences were detected.

Are certain preparatory activities more
advantageous than others?

Our results indicate, that of all preparatory activities,
preparation with books descriptively yielded the highest positive
association with the TMS score. Additionally, it is the only activity
that showed a positive association with the performance in all
subtests. Interestingly, the magnitude of these associations seems
to be more in line with effects found for training courses and test
retaking in previous meta-analyses (e.g., Messick and Jungeblut,
1981; Powers and Rock, 1999; Briggs, 2004, 2009; Hausknecht et al.,
2007) than with usually smaller effects reported for preparation
with books. For example, Briggs (2004) reported effects of 0.11 to
0.31 standard deviations for training courses, but no significant
effects for preparation with books. Hausknecht et al. (2007) found
an adjusted effect of d = 0.26 for retesting of different admission
tests (i.e. taking a parallel or the same test form a second time).
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However, on a closer look, the relative effectiveness of preparation
with books does not surprise in the context of the TMS. Books
typically used for preparation contain original earlier TMS test
versions, which means that participants who spend time preparing
with those books would practice with original earlier tests. Thus, for
the TMS, preparation with books can be seen as a form of retesting,
which would explain why the associations found in our study are
more comparable to the effects of retesting reported by Hausknecht
et al. (2007). Practicing with books, therefore, is highly encouraged
by the test administrators as the most effective and cost-efficient
way of preparation.

Preparing with the information booklet does not appear to
yield any additional training benefit beyond mere informational
purposes and general advice about the style, format, and general
requirements associated with the different subtests of the TMS. In
addition, only a small number of practice items are provided, which
may cause participants who spend too much time on the booklet
to become too focused on this narrow subset of items, potentially
providing them with a false sense of security.

Accordingly, time spent in study groups was found to have no
association with the overall TMS score. One possible reason for this
finding is, that study groups may vary considerably with regard to
the structure and content discussed and therefore may not yield
reliable positive results overall. Concerning training courses, we
found a small positive association with the TMS total score. For
20 h of preparation with training courses, our model would predict
ascore increase of 0.07 standard deviations — considerably less than
the training effects of 0.12 or 0.20 standard deviations reported by
Messick and Jungeblut (1981) or the training effects reported by
Briggs (2004) and Hausknecht et al. (2007). To achieve a similar
effect for the TMS it would require about 34 to 80 h of preparation.

Are certain subtests more robust to
preparation than others?

Analyses suggest, that the complex subtests may be more robust
to preparation than the less complex subtests. At the subtests level,
preparation with books appears to be the only activity that has a
positive association with the performance in all subtests, while the
score increases were higher for the less complex subtests. Training
courses, on the other hand, appear to yield no association with
the complex subtests. In contrast, training courses had positive
associations with all less complex subtests, while the score gain
per hour was somewhat higher for MUZ and KONZ compared
to preparation with books. For all other less complex subtests,
preparation with books seems to be more effective than preparation
with training courses. On the subtest level, preparation on the
computer and preparation in training courses do not appear to
be effective types of preparation. Both activities yielded negative
associations with most of the complex and all less complex
subtests. Again, associations were predominantly higher for the
less complex subtests than for the complex subtests. Even though
preparation with study groups was not associated with the overall
TMS score, at the subtest level, small positive associations were
found for MUZ and SF. Suggesting that, at least for some of the
less complex subtests, positive results can be obtained with this
mode of preparation.
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Limitations and directions for further
research

Due to time constraints during test-taking, we only assessed
motivation with a single item directly and retrospectively asking for
participants’ subjective degree of motivation during preparation,
instead of a validated questionnaire designed to assess the entirety
of the construct. This is associated with a number of additional
sources of error and provides room for alternative explanations
of our findings. For example, participants’ answers could have
been affected by their degree of confidence with regard to the
test material, which in turn might have been affected by their
actual or perceived ability and their expectation to succeed
in the test. Therefore, participants who believe that they will
succeed in the test might indicate higher levels of motivation
during preparation in retrospect than they actually experienced
at the time. Also, participants who are more optimistic about
their general chances to obtain a study place - for example
due to very good GPA grades, a generally high self-efficacy, or

10.3389/feduc.2023.1104464

high academic confidence - might indicate higher motivation
at the time of assessment regardless of their actual motivation
during preparation. All of these pathways are conceivable, and
we cannot rule out the possibility that our measure of motivation
is affected by other constructs such as self-efficacy, optimism,
actual ability, or academic self-concept rather than measuring
intrinsic motivation at the time of preparation. Therefore, results
regarding the role of motivation should be further investigated with
validated questionnaires and in a longitudinal design. Nevertheless,
we do believe that our interpretation of the results is still valid, as
motivation and constructs such as self-efficacy and ability itself are
generally correlated (Goldberg, 1994; Richardson et al,, 2012). We
therefore believe that our results can provide a first indication that
motivation may not only be relevant during university training and
for a successful career in medicine (e.g., Lawler and Hall, 1970;
Zapata-Phelan et al., 2009; Latham, 2012) but also already at the
stage of application and admission.

Since the complex and less complex subtests seem to be
differentially associated with preparatory activities, it should be
mentioned that preparation effects do not necessarily harm the

TABLE 7 Hierarchical univariate multiple regression analyses predicting the complex TMS-subtests.

Step 1 0.09 0.17 0.08 0.15
Control variables® ‘

Step 2 0.10 0.18 0.10 0.15
Constant 12.436** 14.748* 11511 15.907**

Motivation 0.306** | 0.07 0.239** | 0.05 0.296** | 0.07 0.211** | 0.05

Preparatory activities:

Information booklet | —0.021** | —0.05 —0.026** | —0.05

—0.02** —0.05 —0.025** | —0.05

Books 0.007** 0.07 0.007** 0.06 0.006** 0.06 0.004* 0.04
Computer —0.008 —0.02 —0.009 —0.03 —0.010* —0.03 —0.009* —0.03
Study groups 0.005 0.01 —0.005 —0.01 0.002 0.01 —0.002 —0.01
Training courses —0.004 —0.02 0.009 0.03 —0.006 —0.03 0.002 0.01
Expenses 0.000 0.01 0.000 0.02 0.000 0.02 0.000 0.01

N =7,903; b, unstandardized regression coefficient; 3, standardized regression coefficient; R?, corrected coefficient of determination; *Control variables included age, sex, and high school GPA;

Alpha level was adjusted for multiple tests via Bonferroni correction, *p < 0.005, **p < 0.001.

TABLE 8 Hierarchical univariate multiple regression analyses predicting the less complex TMS-subtests.

Step 1 0.01 0.02 0.02 0.02 0.03
Control variables®
Step 2 0.09 0.14 0.07 0.12 0.15
Constant 8.647** 13.793** 9.329** 9.478** 9.819**
Motivation 0.450** 0.13 0.588** 0.15 0.445%* 0.08 0.611** 0.15 0.759** 0.16
Preparatory activities:
Information booklet -0.016** -0.04 -0.029** -0.07 -0.019* -0.03 -0.019** -0.04 -0.036** -0.07
Books 0.011** 0.13 0.019** 0.20 0.018** 0.13 0.02** 0.19 0.025** 0.20
Computer -0.014** -0.06 -0.011** -0.04 -0.013* -0.03 -0.012** -0.04 -0.014** -0.04
Study groups 0.012* 0.04 0.012* 0.03 0.016 0.03 0.008 0.02 0.014 0.03

Training courses 0.013** 0.06 0.016** 0.07

0.022** 0.07 0.011* 0.04 0.014** 0.06

0.001** 0.05 0.001** 0.08

Expenses

0.000 0.03 0.001** 0.05 0.001** 0.07

N =7,903; b, unstandardized regression coefficient; 8, standardized regression coeficient; R?, corrected coefficient of determination; * Control variables included age, sex, and high school GPA;
Alpha level was adjusted for multiple tests via Bonferroni correction, *p < 0.005, **p < 0.001.
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validity of a test. Preparation can even increase the validity by
reducing the construct-irrelevant variance in participants’ test
scores attributable to differences in participants’ familiarity with
the test (cf. Briggs, 2009; Arendasy et al, 2016). Also, it may
be possible that the underlying skills measured are trainable to
a different extent and that the differing effects found for the
complex and less complex subtests reflect differing actual gains in
ability (cf. Arendasy et al,, 2016). In this case, the training effects
would not affect validity. To be able to assess the meaning and
the differences of preparation effects in the context of the TMS
and other admission tests, it would therefore also be important to
investigate the influence of preparation on validity.

In selecting the different preparatory activities listed in our
questionnaire, we followed prior relevant studies (e.g., Deter, 1982;
Bartussek et al,, 1984; Trost et al, 1998; Briggs, 2004, 2009).
Nevertheless, it is possible that we did not include other relevant
preparatory activities. Therefore, one possibility for future research
would be to allow participants to specify additional preparatory
activities by use of an open response format. However, based on
the previous studies mentioned above, we assume that at least the
most essential preparatory activities are included in our study.

Another important limitation is that the data was collected
cross-sectionally. Therefore, no conclusive statements can be made
about the causality of the associations found. However, it is
also important to note that the questionnaire on preparatory
activities was conducted shortly before the actual testing. Thus,
the participants did not yet have an accurate impression of their
test performance, which might then have affected the statements
regarding their preparatory activities. However, a longitudinal
study would be an important approach for future research to clearly
answer the question of causal direction.

We also had no information on the extent to which the
participants already had connections within the medical field (e.g.,
through parents, siblings, or friends). For example, it is conceivable
that well-connected individuals have better knowledge of and
access to the different types of preparation, which may moderate
the observed effects to some extent and should therefore be taken
into account in future studies.

Previous studies have also shown that SES can be associated
with performance on high school aptitude tests (e.g., Briggs, 2004).
Since we had no information on the participants’ SES, we could
not control for this potentially confounding variable. For example,
it may be the case that some effective preparatory activities were
more available to applicants with higher SES. Around 93% of the
participants in our study reported using books for preparation,
which indicates that almost all participants had knowledge of and
access to this type of preparation. Thus, the likelihood that access
to preparation books is related to the participants’ background,
seems to be quite low. Nevertheless, this possibility cannot be
ruled out completely at this moment. The situation is different
for training courses, however: only 19% of the participants stated
that they used this type of preparation. Since training courses
are usually expensive, they are most likely not available to all
subgroups of participants. For future studies, it would be important
to investigate this relationship in more detail. Nevertheless, since
books are significantly less costly and more effective, applicants who
attended costly training courses are not likely to have an advantage
over participants that cannot afford this kind of preparation. As
noted before, time can also be seen as a resource not everyone
may have equal access to. Therefore, it may be the case that SES

Frontiers in Education

10

10.3389/feduc.2023.1104464

is related to the time spent for preparation. Since all preparation
effects are small, this study provides an indication that the effects
of such a relationship on the selection process would likely also
be small. However, in order to answer the question conclusively
and to rule out the possibility that some groups of participants are
systematically disadvantaged, the aforementioned limitation must
be taken into account in future studies.

Practical implications

An important implication for TMS participants is that the test
scores are only associated to a comparatively small extent with any
given preparatory activity, indicating little influence of preparatory
activities on the test result. However, the results also suggest that
a certain amount of preparation and familiarization with the test
material is sensible. Based on our findings, preparation with books
can be recommended for this purpose. In contrast, it is neither
necessary nor advisable to spend a lot of money on expensive
courses, especially because more effective and at the same time
less expensive options such as books are available. For comparison,
books with original TMS versions are available for the cost of
approximately 13 euros, whereas training courses often range in
cost from 150 to 500 euros.

The findings also have important implications in terms of
equal opportunity. First, money spent on preparatory activities
is only marginally associated with the test result indicating that
participants with more money available to spend on preparation
are not likely to be advantaged over other participants. Since there
still is a small positive association, further research is needed to
address the practical significance of this association regarding the
allocation of study places. However, as already mentioned, the
results so far indicate that money spent on preparation is not the
decisive factor in context of the TMS. Second, of all preparatory
activities included in the study, books seem to be the most effective
and - because of the relatively low cost — most accessible type of
preparation. This is also reflected in the fact that most participants
prepared using books, which in turn minimizes the likelihood that
certain subgroups of applicants are disadvantaged because they
lack access to this type of preparation. However, we are aware
that books still cost money and may not be equally accessible to
everyone. To address this issue, the test developers have invited
all test takers of 2021 to practice free of charge with original
test items through an online-preparation platform as a first pilot.
This project was continued in 2022 and is planned to be further
expanded and evaluated in the future. Third, although preparation
with books and training courses is associated with test results, the
effects of these preparatory activities are modest. This again limits
the likelihood that subgroups of applicants with more time to spend
for preparation have a systematic advantage over other applicants.
As mentioned earlier, this topic needs to be explored further in
future research because the effects of other important variables,
such as participants’ SES or any pre-existing connections to the
medical field (such as having parents who are doctors), could not
be addressed in this study. In summary, we are still confident that
the results provide initial indications that important prerequisites
for equal opportunities are met. However, as mentioned before,
further research is necessary in order to be able to treat this
topic conclusively.
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Since the results suggest a linear relationship between
preparatory activities and test results, this finding should not be
misinterpreted in a way that the test score can be increased to
any degree by excessive preparation. This is because our results
apply primarily to preparation times up to a maximum of 80 hours,
as only a small proportion of participants reported preparation
times above 80 hours (mainly for books). Thus, for preparation
times exceeding 80 hours, other associations (e.g., logarithmic or
quadratic relationships) with the test results are still conceivable
(e.g., Messick and Jungeblut, 1981; Hausknecht et al., 2007).

In addition, our results provide evidence, that the TMS-subtests
are differently affected by preparatory activities. Although the
associations of preparatory activities with the TMS were small
for all subtests, mostly the complex and more field-specific TMS-
subtests appear to be resistant to preparatory activities. On the
other hand, performance on more unidimensional subtests such
as concentration, mental rotation, and memory seems more likely
to improve with preparation. This also has important implications
for test construction. For example, a promising approach might be
using a substantial number of more complex field-specific subtests
to further minimize the trainability of admission tests and thus the
impact of resources such as time and money.

Conclusion

Overall, our results provide evidence relevant to the topic of
equal opportunity with regard to the choice of career and access to
one’s preferred field of study in the context of scholastic aptitude
tests: Motivation — as assessed in our study - appears to be a
predictor for success in the context of the TMS, while more money
spent on preparation is only marginally associated with better test
results. Given that most training courses include preparation with
original test items derived from books, in addition to our result
that books appear to be the most time- and cost-efficient ways
of preparation, we conclude that financial investments for test
preparation likely do not yield substantial advantages, which is
an important prerequisite for equal opportunity. However, further
research is needed on the role of SES in terms of equal opportunity
and future research should also take into account the impact of
preparatory activities on the validity of admission tests.
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