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Abstract

Low stakes assessment without grading the performance of students in educational systems
has received increasing attention in recent years. It is used in formative assessments to guide
the learning process as well as in large-scales assessments to monitor educational programs.
Yet, such assessments suffer from high variation in students’ test-taking effort. We aimed to
identify institutional strategies related to serious test-taking behavior in low stakes assess-
ment to provide medical schools with practical recommendations on how test-taking effort
might be increased. First, we identified strategies that were already used by medical schools to
increase the serious test-taking behavior on the low stakes Berlin Progress Test (BPT). Strate-
gies which could be assigned to self-determination theory of Ryan and Deci were chosen for
analysis. We conducted the study at nine medical schools in Germany and Austria with a total
of 108,140 observations in an established low stakes assessment. A generalized linear-mixed
effects model was used to assess the association between institutional strategies and the odds
that students will take the BPT seriously. Overall, two institutional strategies were found to be
positively related to more serious test-taking behavior: discussing low test performance with
the mentor and consequences for not participating. Giving choice was negatively related to
more serious test-taking behavior. At medical schools that presented the BPT as evaluation,
this effect was larger in comparison to medical schools that presented the BPT as assessment.

Keywords Curriculum development - Low stakes assessment - Progress testing - Self-
determination theory - Test-taking effort

Introduction

Low stakes assessment without grading the performance of students in educational systems

has received increasing attention in recent years. Such assessments serve two purposes:
first, they are meant to guide the learning process as a formative assessment (assessment
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for learning), which can increase learning effects (Black and William 1998; Hattie and
Timperley 2007; Kluger and DeNisi 1996; Shute 2008), and they are an important part of
self-regulated learning (Ecclestone 2010; Irons 2008; Nicol and Macfarlance-Dick1999;
White and Gruppen 2010). Second, low stakes tests are used in large-scale assessment
programs that are part of the quality management of educational monitoring (Campbell
et al. 1998; Organization for Economic Cooperation and Development 1999, 2003) and
thus have a substantial impact on educational reform, policy making, and resource alloca-
tion (Breakspear 2012; Fullan 2009). Low stakes assessment, however, suffers from high
variation in test-taking effort, as students may not be willing to give their best effort to
take the test (Wise and DeMars 2010), resulting in less serious test-taking behavior. As a
consequence of this high variation, low stakes assessment may not actually serve these two
purposes adequately.

One important example for low stakes assessment are progress tests in medicine that
are used as both large-scale (Edwards et al. 2014; Muijtjens et al. 2008; Nouns et al. 2012)
and formative assessment (Freeman et al. 2010; Muijtjens et al. 2010; Nouns and Georg
2010) by many institutions, such as the German and Austrian consortium of 16 medical
schools (Freeman et al. 2010; Nouns and Georg 2010; Osterberg et al. 2006; Wrigley et al.
2012). Progress tests in medicine are tests that assess the knowledge that a recently gradu-
ated physician needs on his/her first day. These progress tests are administered repeatedly
during undergraduate training. Students take the same test for all levels of the undergradu-
ate medical training (e.g., Blake et al. 1996; Freeman et al. 2010; Nouns and Georg 2010;
van Berkel et al. 1993). Participating students can see their progress in knowledge over the
course of their undergraduate training in comparison to their peers who have completed the
same curriculum. Thus, they can identify strengths and deficits and consequently are able
to focus on their learning activities. Faculties can use the information to evaluate, develop,
and compare their curricula (Freeman et al. 2010; Nouns et al. 2012; van der Vleuten et al.
2004).

The German and Austrian progress test consortium (Nouns and Georg 2010) pro-
vides a progress test (Berlin Progress Test, BPT) where individual performance does not
have consequences for the students. The proportion of students who take the test seri-
ously is routinely analyzed as an indicator of test-taking effort and shows a wide range
of results among the participating medical schools (range 44—100%).

For years, medical faculties have been trying to increase serious test-taking behavior by
(more or less theory-based) implementing different strategies such as punishing non-par-
ticipation, discussing a low test performance with the mentor or stressing the value of reli-
able, continuous feedback. Most of these strategies can be post hoc classified into a theo-
retical framework that can explain motivational behavior in educational settings (Kusurkar
et al. 2011), which is closely connected to test-taking effort. Kusurkar et al. (2011) summa-
rized motivational theories that were useful in educational contexts and found that most of
them focus on the level of motivation, but not on the quality of motivation. They concluded
that only Ryan and Deci’s (2000) self-determination theory (SDT) “is a general motivation
theory which holds true for different aspects of motivation in an individual’s life, includ-
ing education and learning” (p. 243). Hence, SDT might explain how institutional strat-
egies aimed at increasing serious test-taking behavior could work on different levels of
motivation.

According to SDT, motivation is conceived of as a continuum ranging from amotivation
to extrinsic motivation to intrinsic motivation. In the case of amotivation, the task is per-
ceived as not belonging to the self, and thus no action will be taken. In the state of extrin-
sic motivation, people do something because they expect a separable outcome. Extrinsic
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motivation ranges from external regulation to introjection and identification. According to
Ryan and Deci (2000), in external regulation, people do something because an external
demand is satisfied or they obtain an externally imposed reward contingency. In the state
of introjection, people feel a pressure in order to avoid guilt or anxiety or to attain ego
enhancements or pride. In the state of identification, people do something because they
identify themselves with the personal importance of a behavior and thus accept the regula-
tion as their own. Integration, the next level of SDT, is the state of intrinsic motivation.
Intrinsically motivated people do something because it is inherently interesting or enjoya-
ble for them. Intrinsic motivation occurs if the needs for autonomy, competence, and relat-
edness are satisfied.

In the next paragraphs, we describe those strategies of medical schools to increase seri-
ous test-taking behavior that can be explained by SDT. Two strategies that medical schools
in Germany and Austria use are consequences and presenting the BPT as an integral part
of the medical schools’ assessment. The external regulation level of SDT can explain the
assumed effect of both strategies on serious test-taking behavior.

1. Whereas in summative assessment, consequences take the form of evaluative test scores,
formative assessment focuses on nongrading consequences such as feedback (Black and
William 1998) or having the assessment as a prerequisite for enrolling in the following
semester’s course (Wise and DeMars 2005) or assessment. In a recent empirical study
by Liu et al. (2015), participants in a large-scale assessment assigned to a condition with
consequences of their performance for their institution showed more test-taking effort
than participants in a control condition. Here, we focus on consequences not related to
performance but to the mere participation in the BPT.

2. There are two different ways of how medical schools conducting the BPT present the
progress test. Either they present it as part of the evaluation or as part of the assess-
ment. Evaluation is part of the quality management and has less external regulations
than assessment. Presenting the BPT as part of evaluation means: communication about
the BPT by the head or coordinator of the quality management/evaluation team and/or
supervising the BPT by him/her and/or BPT being part of the evaluation regulations of
the medical school. At these schools, the BPT is mainly used as large scale assessment.
Presenting the BPT as part of the assessment means: communication about the BPT by
the coordinator of assessment and/or supervising the BPT by him/her and/or BPT being
part of the examination regulations. Additionally, it can mean that the BPT is introduced
in an introductory session of assessment at the beginning of the preclinical and clinical
phases of the undergraduate medical training.

3. Some medical schools provide an opportunity for students to discuss BPT results. The
discussion of results can range from presenting correct answers in front of the cohort
to discussing individual results face to face with a faculty member. A high degree of
individuality of discussed results is supposed to increase the feeling of pressure in order
to avoid guilt (SDT-level of introjection). If students do not take the test seriously, they
have to justify their test-taking behavior to, for instance, a mentor or a faculty member.
In our experience, most students actually feel guilty if they have to explain why they do
not use this opportunity.

4. A similar strategy that was implemented at one school is that students with low perfor-
mance on BPT have to discuss their results with their mentor. There are two explanations
using the SDT why this strategy might work. At large universities where students may
feel anonymous, a mentoring-system can have an important side-effect, namely that
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they feel more committed. This is connected to the third component of SDT’s intrinsic
motivation: relatedness. On the other hand, students might feel some kind of guilt if they
have to explain why they do not perform at their best. This belongs to the introjection
component of SDT and is similar to the strategy of individuality of discussed results.

5. Another strategy to increase serious test-taking behavior is to give some kind of choice.
This can also be explained by SDT: to provide supportive contexts that enhance the
feeling of autonomy. Pintrich (2003) suggested using organizational and management
structures that encourage personal and social responsibility and provide a safe, comfort-
able, and predictable environment. Personal responsibility can be encouraged by giving
choices, such as whether to take part in the assessment at all or only for a given number
of testing times, or by letting students choose between different times or places for the
assessment. Voluntary participation as another option of giving choice, however, can
lead to low participation rates [e.g., 8% with a range of 0-70% in a semester at one
medical school (14 measurement occasions)] and a strong selection bias in the sample
and therefore in the averages of the test scores that are used for feedback.

Although all medical schools that conduct the BPT used some of these strategies, the
test-taking effort was quite different. Therefore, we sought to identify those institutional
factors that were related to test-taking effort to provide medical schools with practical rec-
ommendations on how to increase more serious test-taking behavior in low stakes assess-
ments. Because an experimental setting in this field was not applicable, we chose a corre-
lational approach.

The strategies we focused on in this study are:

(1) Consequences for not participating,

(2) Presentation type of the BPT (as assessment vs. as evaluation),
(3) Individuality of discussed results,

(4) Discussing low test performance with mentor,

(5) Give choices (e.g. for place or date of test-taking).

Method
Sample

The low stakes Berlin Progress Test (BPT) was developed at the Charité Medical School
and is available to all 16 participating medical schools in the German and Austrian consor-
tium (Nouns and Georg 2010; Osterberg et al. 2006). All medical schools in this consor-
tium were asked to participate in this study. Nine medical schools agreed.

All participations in the BPT at these nine medical schools from summer semester 2008
to winter semester 2015/2016 (N=31,107, T=16 measurement occasions) were included
in this study, resulting in 108,140 observations in total. On average, students participated
3.48 times (SD=2.63) in the BPT, ranging from 1 to 13 times. One faculty member per
medical school who was responsible for the administration of the BPT provided data on
the employed strategies, which were reconstructed from archives and the memory of the
administrators.
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Materials
Strategies

We created a questionnaire that contained the strategies described above as selectable
options that, which faculty members ticked if the medical school actually had used the
respective strategy. Additional activities could be reported in open response fields. We
also asked for the timeline if activities had changed over time. Moreover, we asked which
semesters were affected if activities varied between semesters, for instance, between the
preclinical and clinical phase of undergraduate training. The questionnaire is provided in
the Online Supplementary Material.

Test-taking behavior

Students who took the BPT were categorized as “serious” (1) or “nonserious” (0) test-
takers. Criteria for nonserious test-taking behavior were adopted from Karay et al. (2015):
response behavior was classified as nonserious if a student (a) sat the 200-item test in equal
to/less than 15 min, or (b) gave no answer at all (i.e., omitted all questions) or, (c) always
chose the “don’t know” option, or (d) was identified as a nonserious test-taker by means
of a person-fit index. A review of appropriateness measurement showed that the nonpara-
metric group-based index Modified Caution Index (Harnisch and Linn 1981) might be best
suited for the use within the BPT data (Brauns 2007). The Modified Caution Index was
tested against the Person Conformity Index (PCI), which was especially developed for use
with BPT data. In a simulation study, as well as in an empirical study, the Modified Cau-
tion Index was tested against the PCI showing that the PCI was superior to the Modified
Caution Index according to sensitivity and specificity (Brauns 2007, 2008). The PCI is a
group-based index requiring the nonparametric double monotony model and identifies test-
takers who answer more frequently questions with higher difficulty than their ability would
allow by using a trend test (test of significance) (Brauns 2007, 2008).

Procedure

We first collected data on the strategies as implemented at the medical institutions from the
faculties and then merged this information with students’ data on the test-taking behavior.
This procedure is now described in more detail:

In the winter semester 2015/2016, we asked each faculty member responsible for con-
ducting the BPT at all participating medical faculties to fill in our questionnaire on strate-
gies taken to implement the BPT described above. All answers were manually entered into
SPSS 24. Answers to open options were categorized into additional strategies we had not
anticipated beforehand. The completed data file for each medical school was sent to the
corresponding responsible person to correct categorizations if necessary. After correction,
the files of all participating schools were merged into one. In the next step, we recoded the
answers per strategy into 0 (strategy not used) and 1 (strategy used, see Table 1). The final
file from step 1 contained all coded strategies dependent on medical school, time of test
taking (e.g., summer 2009), and the semester.

In a second step, the original retrospective data of the BPT from all participating medi-
cal schools were pseudo-coded to ensure anonymity. A file was extracted with all students’

@ Springer



326 K. Schiittpelz-Brauns et al.

Table 1 Operationalization of medical schools’ strategies related to the indicator of taking the low stakes
Berlin Progress Test (BPT) seriously

Strategy (with characteristics) Code

Consequences for not participating

No consequences 0
No admission to further courses when not taking part 1
No admission to assessment when not taking part 1

Presentation type
Supervision of BPT on test date by assessment coordinator
Communication by assessment coordinator
Information about progress testing via email from assessment coordinator
Information about progress testing in lecture about assessment
Information about BPT being in accordance with examination regulations

O = = o= = e

Communication by head of quality management or by coordinator of quality management/evalu-
ation

o

Supervision of BPT on test date by quality management/evaluation coordinator

o

Information about progress testing via email from quality management/evaluation coordinator
Individuality of discussed results

No individuality

Low individuality

Moderate individuality

—_—_— = O

High individuality
Discussing results with the mentor
No 0
Yes 1
Give choices
No choice 0
Choice of date or choice of place 1
Choice of date and choice of place 1

pseudo-codes, medical school, time of test taking, semester, and serious/nonserious test-
taking classification.

In a third step, the files with student data and the files with data of institutional condi-
tions in the timeline were assembled by medical school, time of test taking, and semester.
The resulting file was used for statistical analyses. The Ethical Review Board of the Medi-
cal Faculty Mannheim, Heidelberg University, approved the study (2015-833R-MA).

Analysis

We analyzed relationships between different institutional strategies regarding the imple-
mentation of the BPT using a mixed effects logistic regression model within the general-
ized linear mixed model framework (e.g., Jiang 2007; McCulloch et al. 2008; Stroup 2012)
with test-taking behavior being the dichotomous dependent variable (0=nonserious vs.
1=serious). The regression model comprises several control variables, whose effects are
not of substantive interest, and the variables representing the different institutional strat-
egies as substantively interesting predictors. As control variables, the three study design
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factors “Medical School”, “Date of Measurement (Wave)”, and “Student” are considered in
the analyses. Students are nested within medical schools and repeatedly measured. This is
a classic repeated measurement design with one grouping factor (“Medical School”). Thus,
in total, there are five sources of variation in the test-taking behavior: “Medical School”,
“Students” (within medical schools), “Wave”, “Medical School X Wave”, Residual. In
order to control for these sources, all of them were included in our model. The factors “Stu-
dents” and “Medical School X Wave” were modeled as random effects with an unstructured
covariance matrix, whereas ‘“Medical School” and “Wave” were included as deviation
coded fixed effects to avoid estimation problems due to their low numbers of units. As sub-
stantively interesting predictors, we entered the five dummy-coded institutional strategies
as fixed effects into our model: “Consequences for not participating” (0=no vs. 1 =yes),
“Presentation type” (0 =evaluation vs. 1 =assessment), “Individuality of discussed results”
(0O=no vs. 1=yes), “Discussing results with mentor” (0=no vs. 1=yes), and “Give
choices” (0=no vs. 1 =yes). Thus, the intercept in our model reflects the predicted logit for
an average medical school at an average wave where no consequences for not participating,
a presentation of the progress as an evaluation, no individuality of discussed results, no
discussion of results with the mentor, and no choices prevail. We additionally considered
all two-way interactions' between institutional strategies that were possible to model given
the study design and the data, that is, the interaction “Presentation type X Give Choices”.
For our model, we carefully checked for multicollinearity among the predictors to avoid
unstable parameter estimates and nonconvergence. For discovering multicollinearity, we
inspected the variance inflation factor (VIF). All VIF values were below 6, indicating that
multicollinearity is not an issue (see, e.g., Kennedy 1992; Kutner et al. 2004; Pan and Jack-
son 2008).

We estimated our models in the R environment (R Core Team 2019) using the glmer
function from the 1me4 package (Bates et al. 2015) as well as optimization routines from
the nloptr package (Ypma 2017). We selected the binomial family with the logit link,
used maximum likelihood estimation based on adaptive Gauss—Hermite quadrature, and
chose the bobyga optimizer from the n1optr package without the calculation of deriva-
tives. We estimated the model with a convergence criterion of 0.000001. Convergence was
reached after 4317 iterations.

Results

Descriptive statistics

The percentage of nonserious test-takers ranged from 1% (Medical School 2) to 26% (Med-
ical School 9), with the median at 13%. Of all nonserious test-takers 6971 (48%) were iden-
tified with the criteria of unanswered questions (b and c), 5327 (37%) with the criterion of

! We also ran five univariable logistic regression models, one for each institutional strategy, in order to
check for the potential presence of unmodeled interactions. Results are reported in Table S1 in the Online
Supplemental Material. The predictor effects from the univariable models were in the same direction as the
corresponding predictor effect from the multivariable model. Thus, there are no unmodeled interactions that
would flip the direction (sign) of the main effects in the multivariable model and therefore the direction of
all main effects is validly interpretable.
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Table 2 Descriptive statistics of strategies

Strategy Nyrrs (%) Nsrrp (%) Nogal

Consequences for not participating

No 974 (10%) 8817 (90%) 9791

Yes 11,383 (12%) 86,996 (88%) 98,379
Presentation type

Evaluation 6068 (18%) 27,440 (82%) 33,508

Assessment 5902 (9%) 61,474 (91%) 67,376
Individuality of discussed results

No 12,069 (14%) 74,938 (86%) 87,007

Yes 288 (1%) 20,875 (99%) 21,163
Discussing results with mentor

No 12,321 (13%) 85,600 (87%) 97,921

Yes 36 (<1%) 10,213 (>99%) 10,249
Give choices

No 7344 (9%) 73,645 (91%) 80,989

Yes 5013 (18%) 22,168 (82%) 27,181

NTTB nonserious test-taking behavior, STTB serious test-taking behavior. Note that the reported propor-
tions are of the total sample. Due to potential occurrences of Simpson’s paradoxes, odds and odds ratios
from this table might differ, even in sign, from model results reported in Table 3, where results were condi-
tional on medical school as a control variable

time (a) and 2201 (15%) with criterion PCI (d). Numbers of serious and nonserious test-
takers per strategy are provided in Table 2.

Model

Table 3 shows the results for the estimated model. The regression coefficients of the pre-
dictors “Consequences for not participating”, “Discussing results with mentor” and “Give
choices” as well as the interaction between “Presentation type” and “Give choices” were
all significantly different from O (at =0.05) while controlling for Wave, Medical School,
and Student-specific and Medical School X Wave-specific effects. The predictors “Conse-
quences for not participating”, “Individuality of discussed results”, and “Discussing results
with mentor” had positive coefficients indicating that a model-implied change in the odds
of taking the test seriously is greater than one when a particular strategy is implemented
as compared to not having implemented it while controlling for all other variables in the
model. Considering the predictor effects conditional on the control variables in detail, the
odds of taking the test seriously increases by 153% if there are consequences for not partic-
ipating in the BPT as compared to no consequences for not participating. When the results
of low test performance are discussed with the mentor, the odds of taking the BPT seri-
ously are increased by 1423% as compared to a situation where the results of low test per-
formance are not discussed with the mentor. In contrast, if students are given some choice
about modalities of their participation (“Give choice”), their odds of taking the BPT seri-
ously declines by about 1 —exp(—4.25)=99% as compared to not providing them with this
choice. However, this negative main effect is weakened by the variable “Presentation type”:
provided that students are given choice, the odds of taking the BPT seriously when the test
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Table 3 Model results

Parameter Est. SE P exp(Est.) 95% CI
Llepes)  Ulexps)
Fixed effects
Intercept 213 042 <0.001 8.43 3.73 19.09
Consequences for not participating 0.93 046 0.043 2.53 1.03 6.20
Presentation type 0.36  0.37 0.333 1.43 0.69 2.98
Individuality of discussed results 0.81 0.74 0.275 2.24 0.53 9.52
Discussing results with mentor 272 036 <0.001 1523 7.53 30.80
Give choices -425 031 <0.001 0.01 0.01 0.03
Presentation type X give choice 242 094 0.010 11.21 1.79 70.04
Random effects
Person (between person) 2.27
Medical School X Wave 0.31
Model fit
Deviance 59,851.3
AIC 59,915.3
BIC 60,222.2

AIC Akaike information criterion, BIC Bayesian information criterion, Est. estimate. The reported estimate
for random effects is the standard deviation. Number of responses=108,140. Number of persons=31,107.
Fixed effects for the control variables Medical School and Wave are reported in the Online Supplemental
Material

was presented as an assessment as compared to being presented as an evaluation, is 11.21
higher than the same odds for students who are not given choice. Inspecting the interaction
in more detail and considering only those who are given choice, the odds of taking the BPT
seriously increases by 1512% = (exp(2.13+0.36 —4.25+2.42)/exp(2.13 —4.25)— 1) x 100
if the BPT was presented as assessment as compared to if it was presented as evaluation.
The main effects for the strategies “Presentation type” and “Individuality of discussed
results” had nonsignificant regression coefficients, thus, they are unrelated to the serious-
ness of the test-taking behavior.

Discussion

Low stakes assessment is becoming more and more important in formative and large-scale
assessments. To serve the intended purposes, low stakes assessment needs to deal with
the high variation in test-taking effort. Therefore, we investigated strategies that medi-
cal schools use to increase serious test-taking behavior in low stakes progress testing. We
included only theoretically sound strategies that could be derived from self-determination
theory. The strategies that were related to higher odds of taking the test seriously are (in
decreasing order): discussion of low performance on BPT with the mentor, consequences
for not participating, and give choices of place and date of test taking. Additionally, seri-
ous test-taking behavior occurred more if students were given choices and if the BPT was
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presented as assessment or if students were given no choices and if the BPT was presented
as evaluation.

Including discussing the results of low test performance with the mentor could work
because talking to a faculty member about the low performance could show that perfor-
mance is important to someone else and students might want to avoid talking about a lower
performance. Depending on whether the student is in the introjection level or intrinsic
level of the SDT model, her or his more serious test-taking behavior might be explained
by avoiding the feeling of guilt (introjection level) or feeling more related (intrinsic level of
motivation).

In accordance with previous research, we found empirical evidence that consequences
are related to serious test-taking behavior. However, unlike previous research that studied
the consequences on performance like grading (Baumert and Demmrich 2001) or conse-
quences of performance for the institution (Liu et al. 2015), to the best of our knowledge,
this is the first study showing that even consequences of not participating are also related to
serious test-taking behavior in low stakes assessments.

Another strategy that was related to more serious test-taking behavior was giving stu-
dents the choice of place and/or date of taking the BPT. Choices are one of the components
of the intrinsic motivation level in the SDT. As a meta-analysis of 41 studies showed (Patall
et al. 2008), providing choice can enhance, among others, intrinsic motivation and task
performance. In contrast to these prior findings, in our study we showed that if students
were given the choice of place and time for taking the BPT, they showed more nonserious
test-taking behavior. This negative relationship was lessened if the BPT was presented as
assessment rather than as evaluation. The latter finding can be explained if students that
showed more serious test-taking behavior in the combination of BPT as assessment at the
same time as having no choice about the BPT were on the external regulation level of the
SDT. If the BPT is part of the evaluation, students have to be on the intrinsic motivation
level to show more serious test-taking behavior. Therefore, the components for the intrinsic
motivation level are important here, as is freedom of choice.

The strategy of individuality of discussed results was not related to serious test-taking
behavior. We assumed the functioning of this strategy by the introjection level of SDT by
increasing the feeling of pressure in order to avoid guilt. Although the dialogue with the
mentor should have a similar effect on the individuality to discuss results it does not seem
to be important in the prediction of test-taking behavior. A possible explanation would be
that we have asked faculty members responsible for conducting the BPT whether there was
a way to discuss the results of the BPT and then how binding the discussion of these results
were. Only the second question was included in the analysis. It may be that there is a pro-
portion of students who do not take advantage of the opportunity to discuss the results and
accordingly the individual nature of the results of the discussion cannot influence the test-
taking behavior of these students. This is an unknown proportion of unexplained variance
and may result in us not being able to consider differences, although there may be differ-
ences. It must therefore be ensured that the students who have the opportunity to engage in
dialogue do so.

Several methodical and statistical limitations need to be acknowledged. First, the study
approach had a quasi-experimental character as the medical schools had chosen the strat-
egies to improve progress testing on their own. Thus, causal statements concerning the
effects of those strategies on test-taking behavior are improper. Second, the models used
in this study were adequate with respect to the research question of whether and to what
extent strategies correspond to serious test-taking behavior. However, we did not model
trends or effects of strategy changes, primarily because this was not within the research
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scope of this work but also because the design and the data were too sparse for carving
out such effects. Third, generalization of results is limited as medical schools self-selected
themselves to participate in the progress test and thus might not be a representative sam-
ple of all medical schools. Fourth, there were many more strategies with which medical
schools tried to increase the serious test-taking behavior. In our study, we put the focus
on strategies whose effect can be linked to the SDT. Fifth, identification of students with
nonserious test-taking behavior has its limitation, as person-fit indices do not detect all
persons correctly (Li and Olejnik 1997; Meijer 1994, 2003; Meijer et al. 1996; Nering and
Meijer 1998; Sijtsma and Meijer 2001). The PCI has proven to be the best fitting person-fit
index for BPT data with a specificity of 0.91 and a sensitivity of 0.83 in an empirical study
(Brauns 2007). The cut-off for the time criterion was rather strict with an average of 4.5 s
reading time per question. We chose those methods to objectively and directly measure
nonserious test-taking behavior in contrast to other studies that used self-reporting, with
its limitation of socially desirable responses (e.g. Baumert and Demmrich 2001) or indi-
rect measure of performance, with its limitation of correlation with ability (e.g. Heeneman
et al. 2017).

Additionally, we do have a limitation of content. In our study we missed the teachers’
perspective. Teachers play an important role in motivating students in low stakes assess-
ment. Several references emphasize the importance of teachers and their role in “determin-
ing student motivation” (Kursurkar and ten Cate 2013, p. 904), “the efficacy of any educa-
tion reform” (Shavelson et al. 2008, p. 310), and the importance of teacher commitment
when introducing formative assessment (Gikandi et al. 2011). A strategy to enhance the
utility of low stakes assessment might be to commit teachers to the assessment. Teachers
can inform students as well as use the results of low stakes assessment in class.

Our findings have implications for medical education. We could show that strategies
that can be assigned to different levels of motivation in SDT are related to more serious
test-taking behavior in a low stakes assessment. Kusurkar et al. (2012) already discussed
that motivational theories can be used to design the curriculum more effectively because
of more motivated students. In their article they listed motivational theories and provided
examples to use these theories for medical education. For example, they suggested rec-
ognizing student needs and aligning the curriculum accordingly (Drive theory of Hull;
Weiner 1992). In our study we could show that not all strategies belonging to a motiva-
tional theory are related to serious test-taking behavior in all conditions. Furthermore, we
found evidence that students are on different levels of motivation and therefore motiva-
tional strategies can have differentiated effects on different students. Curriculum planners
do not only have to provide motivational strategies in medical education including low
stakes assessments but also have to take strategies into account that address the different
motivational levels from external regulation to intrinsic motivational level. Therefore, we
suggest including the motivational stage of students according to self-determination theory
in further studies on this subject. There are other motivational theories such as expectancy-
value theory (Wigfield and Eccles 2000) that can contribute to finding effective strategies
related to test-taking effort in low stakes formative assessment. Measures that are related to
those motivational theories might also be worth studying.

As a conclusion, we recommend curriculum planners do the following to increase seri-
ous test-taking behavior in low stakes assessments:

e Let low performers discuss their results with a mentor to show that faculty cares.

e Have consequences for not participating to show that the low stakes test is an important
part of the curriculum.
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e Avoid giving students the choice of place and time for taking the BPT.
e If students must be given the choice of place and time for taking the BPT, then integrate
the BPT into the assessment system rather than into the evaluation system.

Acknowledgements Open access funding provided by Max Planck Society.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.

References

Bates, D., Michler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models using Ime4.
Journal of Statistical Software. https://doi.org/10.18637/jss.v067.i01.

Baumert, J., & Demmrich, A. (2001). Test motivation in the assessment of student skills: The effects of
incentives on motivation and performance. European Journal of Psychology of Education, 16, 441—
462. https://doi.org/10.1007/BF03173192.

Black, P., & William, D. (1998). Assessment and classroom learning. Assessment in Education: Principles,
Policy and Practice, 5, 7-74. https://doi.org/10.1080/0969595980050102.

Blake, J., Norman, G. R., Keane, D. R., Mueller, B., Cunnington, J., & Didyk, N. (1996). Introducing pro-
gress testing in McMaster University’s problem-based medical curriculum: Psychometric properties
and effect on learning. Academic Medicine, 71, 1002-1007. https://doi.org/10.1097/00001888-19960
9000-00016.

Brauns, K. (2007). Identifikation von Musterkreuzern beim Progress Test Medizin [Identification of pattern
markers in Progress Test Medicine]. Unpublished doctoral dissertation, Humboldt University, Berlin.

Brauns, K. (2008). Identification of pattern-markers at the progress test medicine (PTM). (Short Communi-
cation 4D/SC5) AMEE Conference 30.8.—03.09.2008 Praha, Czech.

Breakspear, S. (2012). The policy impact of PISA. An exploration of the normative effects of international
benchmarking in school system performance (OECD Education Working Paper No. 71). Organization
for Economic Cooperation and Development. https://doi.org/10.1787/5k9fdfqffr28-en.

Campbell, J. R., Voelkl, K. E., & Donahue, P. L. (1998). NAEP 1996 trends in academic progress. Achieve-
ment of U.S. students in science, 1969—1996; Mathematics, 1973—1996; Reading, 1971-1996; Writing,
1984—1996 (Research Report). Princeton, NJ: Educational Testing Service.

Ecclestone, K. (2010). Transforming formative assessment in lifelong learning. Berkshire: McGraw Hill
Open University Press.

Edwards, D., Wilkinson, D., Canny, B. J., Pearce, J., & Coates, H. (2014). Developing outcomes assess-
ments for collaborative, cross-institutional benchmarking: Progress of the Australian Medical Assess-
ment Collaboration. Medical Teacher, 36, 139-147. https://doi.org/10.3109/0142159x.2013.849798.

Freeman, A., van der Vleuten, C. P. M., Nouns, Z., & Ricketts, C. (2010). Progress testing internationally.
Medical Teacher, 32, 451-455. https://doi.org/10.3109/0142159X.2010.485231.

Fullan, M. (2009). Large-scale reform comes of age. Journal of Educational Change, 10, 101-112. https://
doi.org/10.1007/s10833-009-9108-z.

Gikandi, J. W., Morrow, D., & Davis, N. E. (2011). Online formative assessment in higher education: A
review of the literature. Computers & Education, 57, 2333-2351. https://doi.org/10.1016/j.compe
du.2011.06.004.

Harnisch, D. L., & Linn, R. L. (1981). Analysis of item response patterns: Questionable test data and
dissimilar curriculum practices. Journal of Educational Measurement, 18, 133-146. https://doi.
org/10.1111/j.1745-3984.1981.tb00848.x.

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77, 81-112.
https://doi.org/10.3102/003465430298487.

Heeneman, S., Schut, S., Donkers, J., van der Vleuten, C., & Muijtjens, A. (2017). Embedding of the pro-
gress test in an assessment program designed according to the principles of programmatic assessment.
Medical Teacher, 39, 44-52. https://doi.org/10.1080/0142159x.2016.1230183.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/BF03173192
https://doi.org/10.1080/0969595980050102
https://doi.org/10.1097/00001888-199609000-00016
https://doi.org/10.1097/00001888-199609000-00016
https://doi.org/10.1787/5k9fdfqffr28-en
https://doi.org/10.3109/0142159x.2013.849798
https://doi.org/10.3109/0142159X.2010.485231
https://doi.org/10.1007/s10833-009-9108-z
https://doi.org/10.1007/s10833-009-9108-z
https://doi.org/10.1016/j.compedu.2011.06.004
https://doi.org/10.1016/j.compedu.2011.06.004
https://doi.org/10.1111/j.1745-3984.1981.tb00848.x
https://doi.org/10.1111/j.1745-3984.1981.tb00848.x
https://doi.org/10.3102/003465430298487
https://doi.org/10.1080/0142159x.2016.1230183

Institutional strategies related to test-taking behavior... 333

Irons, A. (2008). Enhancing learning through formative assessment and feedback. New York, NY:
Routledge.

Jiang, J. (2007). Linear and generalized linear mixed models and their applications. New York, NY:
Springer.

Karay, Y., Schauber, S. K., Stosch, C., & Schiittpelz-Brauns, K. (2015). Computer versus paper—Does it
make any difference in test performance? Teaching and Learning in Medicine: An International Jour-
nal, 27, 57-62. https://doi.org/10.1080/10401334.2014.979175.

Kennedy, P. (1992). A guide to econometrics. Oxford: Blackwell.

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: A historical
review, a meta-analysis, and a preliminary feedback intervention theory. Psychological Bulletin,
119, 254-284. https://doi.org/10.1037/0033-2909.119.2.254.

Kusurkar, R. A., Croiset, G., Mann, K. V., Custers, E., & ten Cate, O. (2012). Have motivation theories
guided the development and reform of medical education curricula? A review of the literature. Aca-
demic Medicine, 87, 735-743. https://doi.org/10.1097/ACM.0b013e318253ccOe.

Kusurkar, R., & ten Cate, O. (2013). AM last page: Education is not filling a bucket, but lighting a fire:
Self-determination theory and motivation in medical students. Academic Medicine, 88, 904. https://
doi.org/10.1097/ACM.0b013e3182971e06.

Kusurkar, R. A., ten Cate, T. J., van Asperen, M., & Croiset, G. (2011). Motivation as an independent
and a dependent variable in medical education: A review of the literature. Medical Teacher, 33,
€242—-e262. https://doi.org/10.3109/0142159X.2011.558539.

Kutner, M. H., Nachtsheim, C., & Neter, J. (2004). Applied linear regression models. Boston, MA:
McGraw-Hill/Irwin.

Li, M. F.,, & Olejnik, S. (1997). The power of Rasch person-fit statistics in detecting unusual response
patterns. Applied Psychological Measurement, 21(3), 215-231. https://doi.org/10.1177/01466
216970213002.

Liu, O. L., Rios, J. A., & Borden, V. (2015). The effects of motivational instruction on college stu-
dents’ performance on low-stakes assessment. Educational Assessment, 20, 79-94. https://doi.
org/10.1080/10627197.2015.1028618.

McCulloch, C. E., Searle, S. R., & Neuhaus, J. M. (2008). Generalized, linear, and mixed models (2nd
ed.). Hoboken, NJ: Wiley.

Meijer, R. R. (1994). The number of Guttman errors as a simple and powerful person-fit statistic. Applied
Psychological Measurement, 18(4), 311-314. https://doi.org/10.1177/014662169401800402.

Meijer, R. R. (2003). Diagnosing item score patterns on a test using item response theory-based person-
fit statistics. Psychological Methods, 8(1), 72-87.

Meijer, R. R., Muijtjens, A. M. M., & van der Vleuten, C. P. M. (1996). Nonparametric person-fit
research: Some theoretical issues and an empirical example. Applied Measurement in Education,
9(1), 77-89. https://doi.org/10.1207/315324818ame0901_7.

Muijtjens, A. M., Schuwirth, L. W., Cohen-Schotanus, J., Thoben, A. J., & van der Vleuten, C. P. (2008).
Benchmarking by cross-institutional comparison of student achievement in a progress test. Medical
Education, 42, 82—-88. https://doi.org/10.1111/j.1365-2923.2007.02896.x.

Muijtjens, A. M., Timmermans, I., Donkers, J., Peperkamp, R., Medema, H., Cohen-Schotanus, J., et al.
(2010). Flexible electronic feedback using the virtues of progress testing. Medical Teacher, 32,
491-495. https://doi.org/10.3109/0142159X.2010.486058.

Nering, M. L., & Meijer, R. R. (1998). A comparison of the person response function and the 1z per-
son-fit statistic. Applied Psychological Measurement, 22(1), 53—69. https://doi.org/10.1177/01466
216980221004.

Nicol, D. J., & Macfarlance-Dick, D. (1999). Formative assessment and self-regulated learning: A model
and seven principles of good feedback practice. Studies in Higher Education, 31, 199-218. https://
doi.org/10.1080/03075070600572090.

Nouns, Z. M., & Georg, W. (2010). Progress testing in German speaking countries. Medical Teacher, 32,
467-470. https://doi.org/10.3109/0142159X.2010.485656.

Nouns, Z. M., Schauber, S., Witt, C., Kingreen, H., & Schiittpelz-Brauns, K. (2012). Development of
knowledge in basic medical sciences during undergraduate medical education—A comparison
of a traditional and a problem-based curriculum. Medical Education, 46, 1206—1214. https://doi.
org/10.1111/medu.12047.

Organization for Economic Cooperation and Development. (1999). Measuring student knowledge and
skills. A new framework for assessment. Retrieved October 5, 2018, from https://www.oecd.org/
edu/school/programmeforinternationalstudentassessmentpisa/33693997.pdf.

@ Springer


https://doi.org/10.1080/10401334.2014.979175
https://doi.org/10.1037/0033-2909.119.2.254
https://doi.org/10.1097/ACM.0b013e318253cc0e
https://doi.org/10.1097/ACM.0b013e3182971e06
https://doi.org/10.1097/ACM.0b013e3182971e06
https://doi.org/10.3109/0142159X.2011.558539
https://doi.org/10.1177/01466216970213002
https://doi.org/10.1177/01466216970213002
https://doi.org/10.1080/10627197.2015.1028618
https://doi.org/10.1080/10627197.2015.1028618
https://doi.org/10.1177/014662169401800402
https://doi.org/10.1207/s15324818ame0901_7
https://doi.org/10.1111/j.1365-2923.2007.02896.x
https://doi.org/10.3109/0142159X.2010.486058
https://doi.org/10.1177/01466216980221004
https://doi.org/10.1177/01466216980221004
https://doi.org/10.1080/03075070600572090
https://doi.org/10.1080/03075070600572090
https://doi.org/10.3109/0142159X.2010.485656
https://doi.org/10.1111/medu.12047
https://doi.org/10.1111/medu.12047
https://www.oecd.org/edu/school/programmeforinternationalstudentassessmentpisa/33693997.pdf
https://www.oecd.org/edu/school/programmeforinternationalstudentassessmentpisa/33693997.pdf

334 K. Schiittpelz-Brauns et al.

Organization for Economic Cooperation and Development. (2003). The PISA 2003 assessment frame-
work. Mathematics, reading, science and problem solving knowledge and skills. Retrieved from
https://www.oecd.org/edu/school/programmeforinternationalstudentassessmentpisa/33694881.pdf.

Osterberg, K., Kolbel, S., & Brauns, K. (2006). Der Progress Test Medizin: Erfahrungen an der Charité
Berlin [The Progress Test Medicine: Years of experience at the Charité Berlin]. GMS Zeitschrift
fiir Medizinische Ausbildung, 23, Doc46.

Pan, Y., & Jackson, R. T. (2008). Ethnic difference in the relationship between acute inflammation
and serum ferritin in US adult males. Epidemiology and Infection, 136, 421-431. https://doi.
org/10.1017/5S095026880700831X.

Patall, E. A., Cooper, H., & Robinson, J. C. (2008). The effects of choice on intrinsic motivation and related
outcomes: A meta-analysis of research findings. Psychological Bulletin, 134, 270-300. https://doi.
org/10.1037/0033-2909.134.2.270.

Pintrich, P. R. (2003). A motivational science perspective on the role of student motivation in learn-
ing and teaching contexts. Journal of Educational Psychology, 95, 667-686. https://doi.
org/10.1037/0022-0663.95.4.667.

R Core Team. (2019). R: A language and environment for statistical computing. (Version 3.6.0) [Computer
Software]. Vienna, Austria: R Foundation for Statistical Computing. Retrieved from http://www.R-
project.org.

Ryan, R. M., & Deci, E. L. (2000). Intrinsic and extrinsic motivations: Classic definitions and new direc-
tions. Contemporary Educational Psychology, 25, 54—67. https://doi.org/10.1006/ceps.1999.1020.
Shavelson, R. J., Young, D. B., Ayala, C. C., Brandon, P. R., Furtak, E. M., & Ruiz-Primo, M. A. (2008).
On the impact of curriculum-embedded formative assessment on learning: A collaboration between
curriculum and assessment developers. Applied Measurement in Education, 21, 295-314. https://doi.

org/10.1080/08957340802347647.

Shute, V. J. (2008). Focus on formative feedback. Review of Educational Research, 78, 153—189. https://doi.
0rg/10.3102/0034654307313795.

Sijtsma, K., & Meijer, R. R. (2001). The person response function as a tool in person-fit research. Psycho-
metrika, 66(2), 191-207. https://doi.org/10.1007/BF02294835.

Stroup, W. W. (2012). Generalized linear mixed models: Modern concepts, methods and applications. Boca
Raton, FL: CRC.

van Berkel, H. J. M., Sprooten, J., & de Graaff, E. (1993). An individualized assessment test consisting of
600 items—The development of a progress test for a multi-master program health sciences curriculum.
In P. A. J. Bouhuijs, H. G. Schmidt, & H. J. M. van Berkel (Eds.), Problem-based learning as an edu-
cational strategy (pp. 259-269). Maastricht: Network of Community-Oriented Sciences.

van der Vleuten, C. P. M., Schuwirth, L. W. T., Muijtjens, A. M. M., Thoben, A. J. N. M., Cohen-Schotanus,
J., & van Boven, C. P. A. (2004). Cross institutional collaboration in assessment: A case on progress
testing. Medical Teacher, 26, 719-725. https://doi.org/10.1080/01421590400016464.

Weiner, B. (1992). Human motivation: Metaphors, theories and research (2nd ed.). Newbury Park, CA:
Sage Publications.

White, C. B., & Gruppen, L. D. (2010). Self-regulated learning in medical education. In T. Swanwick
(Ed.), Understanding medical education: Evidence, theory and practice (pp. 271-282). Chichester:
Wiley-Blackwell.

Wigfield, A., & Eccles, J. S. (2000). Expectancy-value theory of achievement motivation. Contemporary
Educational Psychology, 25, 68-81. https://doi.org/10.1006/ceps.1999.1015.

Wise, S. L., & DeMars, C. E. (2005). Low examinee effort in low-stakes assessment: Problems and poten-
tial solutions. Educational Assessment, 10, 1-17. https://doi.org/10.1207/s15326977eal001_110.1207/
$15326977eal001_1.

Wise, S. L., & DeMars, C. E. (2010). Examinee non-effort and the validity of program assessment results.
Educational Assessment, 15, 27-41. https://doi.org/10.1080/10627191003673216.

Wrigley, W., van der Vleuten, C., Freeman, A., & Muijtjens, A. (2012). A systematic framework for the pro-
gress test: Strengths, constraints and issues: AMEE Guide No. 71. Medical Teacher, 34, 683—697. https
://doi.org/10.3109/0142159X.2012.704437.

Ypma, J. (2017). nloptr: R interface to NLopt (version 1.0.4) [Computer software]. Retrieved October 5,
2018 from https://cran.r-project.org/package=nloptr.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://www.oecd.org/edu/school/programmeforinternationalstudentassessmentpisa/33694881.pdf
https://doi.org/10.1017/S095026880700831X
https://doi.org/10.1017/S095026880700831X
https://doi.org/10.1037/0033-2909.134.2.270
https://doi.org/10.1037/0033-2909.134.2.270
https://doi.org/10.1037/0022-0663.95.4.667
https://doi.org/10.1037/0022-0663.95.4.667
http://www.R-project.org
http://www.R-project.org
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1080/08957340802347647
https://doi.org/10.1080/08957340802347647
https://doi.org/10.3102/0034654307313795
https://doi.org/10.3102/0034654307313795
https://doi.org/10.1007/BF02294835
https://doi.org/10.1080/01421590400016464
https://doi.org/10.1006/ceps.1999.1015
https://doi.org/10.1207/s15326977ea1001_110.1207/s15326977ea1001_1
https://doi.org/10.1207/s15326977ea1001_110.1207/s15326977ea1001_1
https://doi.org/10.1080/10627191003673216
https://doi.org/10.3109/0142159X.2012.704437
https://doi.org/10.3109/0142159X.2012.704437
https://cran.r-project.org/package%3dnloptr

Institutional strategies related to test-taking behavior... 335

Affiliations

Katrin Schiittpelz-Brauns'2® . Martin Hecht®*® - Katinka Hardt? - Yassin Karay* -
Michaela Zupanic® - Juliane E. Kimmer®’

Katrin Schiittpelz-Brauns
katrin.schuettpelz-brauns @ medma.uni-heidelberg.de

Martin Hecht
martin.hecht@hu-berlin.de

Katinka Hardt
katinka.hardt @hu-berlin.de

Yassin Karay
yassin.karay @uk-koeln.de

Michaela Zupanic
michaela.zupanic @uni-wh.de
' Medical Faculty Mannheim, Heidelberg University, Theodor-Kutzer-Ufer 1-3, 68167 Mannheim,

Germany

Institute of Cognitive and Clinical Neuroscience, Central Institute for Mental Health in Mannheim,
J5, 68159 Mannheim, Germany

Faculty of Life Sciences, Humboldt-Universitit zu Berlin, Unter den Linden 6, 10099 Berlin,
Germany

Medical Faculty, University of Cologne, Joseph-Stelzmann-Strafie 20 (Building 42),
50931 Cologne, Germany

5 Faculty of Health, Witten/Herdecke University, Alfred-Herrhausen-Strae 50, 58448 Witten,
Germany

AG Progress Test Medizin, Charité Universitdtsmedizin Berlin, Hannoversche Strafle 19,
10115 Berlin, Germany

Center for Adaptive Rationality, Max Planck Institute for Human Development, Lentzeallee 94,
14195 Berlin, Germany

@ Springer


http://orcid.org/0000-0001-9004-0724
http://orcid.org/0000-0002-5168-4911
http://orcid.org/0000-0001-6042-8453

	Institutional strategies related to test-taking behavior in low stakes assessment
	Abstract
	Introduction
	Method
	Sample
	Materials
	Strategies
	Test-taking behavior

	Procedure
	Analysis

	Results
	Descriptive statistics
	Model

	Discussion
	Acknowledgements 
	References




