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Abstract

Background: Formative testing can increase knowledge retention but students often underuse available
opportunities. Applying modern technology to make the formative tests more attractive for students could
enhance the implementation of formative testing as a learning tool. This study aimed to determine whether
formative testing using an internet-based applicatfapif’) can positively affect study behaviour as well as stugly
performance of (bio)medical students.

Methods: A formative testing apfiPhysiomics, to the next leVelas introduced during a 4-week course to a large
cohort (n=461) of Dutch first year (bio)medical students of the Radboud University. The app invited studerts to
complete 7 formative tests throughout the course. Each module was available for 3-4 days to stimulate the|students
to distribute their study activities throughout the 4-week course.

Results:72% of the students used the app during the coursaly&time significantly increased in intensive users
(p <0.001), while no changes were observed in modguat®(07) and non-users (p = 0.25). App-users obtained
significantly higher grades during the final exam of the course (p <0.05). Non-users more frequently failed their final
exam (34%, OR 3.6, 95% ClI: 2.0-6.4) compared to moderate users (19%) and intensive users (12%). Students jwith
an average grade <6.5 during previous courses liieakfnost from the app, as intensive (5.8 £ 0.9 / 36%) and
moderate users (5.8 + 0.9 / 33%) obtained higher gradefaded their exam less fregptly compared to non-users
(5.2+£1.1/61%). The app was also well appreciated bynsgpdeidents scored the app with a grade of 7.3+ 1.0 oult
of 10 and 59% of the students indicated that they wdille the app to be implemented in future courses.

Conclusions:A smartphone-based application ofrfative testing is an effective and atttive intervention to stimulate
study behaviour and improve study performance in (bio) medical students.

Keywords:Formative testing, E-learning, Matlieducation, Blended learning, App
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Background study performance in the T year of the study program
As a result of a recently implemented legally bindingis essential, we frequently observed that many (bio)
study advice, Dutch students have to perform well dur- medical students start late with their preparations for
ing their education. To remain in the study program stu- the examinations.
dents are required to obtain at least 40 out of a total of Repeated study sessions are beneficial for knowledge
60 credits during the propaedeutic phase. Although retention [1,2]. The method of test enhanced learning,
also known as formative testing/assessment, uses fre-
- — guent tests as a learning tool to increase the retention of
ZDCeOpr:tsrggzgEP(I;?]:cgisaIlcz)gj?\,lol'«?aeclisk)?trgdubn?sgrusrir’:;.:1|edical center, Radboud information. Formative testlng st_lmulates_learnlng _pro_-
Institute for Health Sciences, PO box 9101, 6500 HB Nijmegen, The cesses and knowledge retention in both direct and indir-

Netherlands ect ways [3]. Direct effects of testing include improved
Full list of author information is available at the end of the article
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retention and understanding, resulting from the act of Study and app design
successfully retrieving infonation from memory. Indir-  The “Physiomics to the next levélapp was designed as
ect effects of testing refer a broad range of other ways iran open-source HTML-based application and could be
which testing can influence learning [3]. The idea that used on all major operating systems and devices, includ-
testing only assesses the content of memory is outdatedng cell phones, tablets, desktops and laptops. A Dutch
learning actually occurs during the process of testing,demonstration version of the app can be accessed via a
which stimulates long-term knowledge retention [4,5]. guest account at www.physiomics.eu/app.
It has been suggested that this is merely the result of in- Students were invited to use the app via email, through
creased exposure to the study material during testingthe virtual learning environment Blackboard, and during
[6,7]. However, several studies have shown that takinghe first lecture of the course. During the first day of the
test results in better knowledge retention than re- 4-week course, students received an email with a personal
studying the material for an equal amount of time [8,9]. password connected to their email address that allowed
The retrieval of information from memory during test- them access to the app. In the app, students had access to
ing strengthens the memoryegarding that information a tutorial course, in which they could familiarize them-
leading to increased longerm retention [10,11]. In selves with the use of the app, as well as to a course spe-
addition to these direct effects, formative testing stimu- cific section. Matching the structure of the course, the app
lates the students to spread their study activities overwas subdivided into 7 subsequent modules covering differ-
time and allows students to identify their areas of weak-ent topics. Each module consisted of 10 multiple-choice
ness after which they can study the related materialquestions. When the students answered questions cor-
more purposefully [3]. rectly, 5 additional bonus questions were unlocked. Each
Although there is a large body of evidence showingquestion needed to be answered within 60 seconds and
that test-enhanced learning effectively increases knowledgguestions could only be answered once. Completed ques-
retention, recent studies indicate that students oftentions remained available for review purposes at later time
underuse available formative testing opportunities [12,13].points. As an incentive, students were informed that out
E-learning methods have been shown to be effective andf the total number of 35 bonus questions, 5 questions
well-appreciated teaching tools in a large variety of (bio)would reappear on their final exam. The bonus questions
medical educational settings [14-17]. Applying modern of each module could only be unlocked during a 3-4 day
technology to make the formative tests more attractive fortime frame, stimulating the students to spread the study-
students could help in the implementation of formative load evenly throughout the 4-week course. Feedback
testing as a learning tool for (bio) medical teaching. In this regarding the answers to the questions in the app was pro-
study, an internet-based application, 6app’, called“Phy- vided directly by means of a green checkmark or a red
siomics, to the next levélwas introduced during a 4-week cross. In case a wrong answer was given, a pop-up ap-
course for first year (bio) medical students. peared referring the student to relevant pages in their
The aim of this study was to determine whether the course-guide and textbook where they could search for
use of an internet-based application with a formative the right answer. At the end of the 4-weekCirculation
testing approach can stimulate study behavior as well agnd Respiratioh course, assessment took place via a writ-
study performance in a large cohort of first year (bio) ten examination consisting of multiple-choice questions.
medical students. We hypothesized that students whoGrades for the final exam can vary between 0 (lowest
use the app will spend more time studying during the score) and 10 (highest score), students pass an exam when
first weeks of the course. In addition, we anticipate thatthey obtain a grade 5.5.
students who use the app perform better during the

final exam. Data-collection

A number of parameters was logged during the use of the
Methods app, including the answer given to each question, the time
Population spent on answering a question and the number of questions

336 medicine students and 125 biomedical sciences stuanswered correctly. After the final exam, examination
dents who registered for the courséCirculation and grades were collected. In addit, detailed information re-
Respiratiori received an invitation to participate in this garding the individual score$or the included bonus ques-
study. Before using the app, students were informedtions was obtained. After the final exam students were
about the study and informed consent was obtained.requested to fill in a questinnaire concerning the use of
The study was approved by the educational advisorythe app and their study behavior. The Student Identification
board of the Radboud university medical center, and weNumber was used to merge the data from the app, examin-
adhered to the Declaration of Helsinki during the study ation score and gquestionnairdn contrast to its name, this
design, data collection and data analysis. seven-digit number cannot be linked to personal identifiers
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by third party's other than the Administration Department percentage female students the non-user, moderate user
of the Radboud University. Térefore, anonymity of data and intensive user groups was significantly different (p <
was guaranteed in our study. 0.001). No differences were observed in the ratio of medi-
In the questionnaire, students were asked to provide ancine and biomedical sciences students between groups (p =
estimation of the number of hours they spent studying per 0.38). In total, 72 % of the students used the app.
week for each individual weekf a 4-week course (multiple
choice: 0-10 hours, 11-20 hours, 21-30 hours, 31-40 hoursStudy behavior
51-50 hours, >60 hours). They were asked to provide thisThe number of hours students spent on studying in-
information for the “Circulation and Respiratioh course as creased gradually during a 4-week course for non-users
well as the average study time during previous courses®s well as moderate and intensive users (Table 2). For
which were similar in duration and set-up. These data werenon-users, study hours were similar during the current
used as a parameter to measure study behavior. Study pecourse (in which the app was implemented) compared
formance was assed based on the grade obtained duringp previous courses (p =0.25). Moderate users of the app
the final examination of the*Circulation and Respiratioh tend to spend more time studying during the current
course. To correct for previous performance, grades of thecourse compared to previous courses (p=0.07). In the
same student cohort during 4 previous courses were colintensive user group the difference between study-time
lected as well, and matched to the dataset. in the current course compared to previous courses was
most pronounced (p <0.001).
Statistical methods
Statistical analyses were permed using the Statistical Study performance
Package for the Social Sciences (IBM SPSS Statistics f@n average, students scored a 6.4+ 1.1 on the final exam
Mac, Version 20.0. Armonk, NY: IBM Corp.). A dummy of the course. Both moderate (p=0.036) and intensive
variable was introduced to classify a student into“aon-  users (p <0.001) scored significantly higher on the final
use’ (completed 0 modules);moderate user (completed exam compared to non-users and compared to each other
1-4 modules) or“intensive user (completed 5-7 modules). (p<0.001) (Figure 1A). Both moderate (p=0.007) and
Similarly, students were classified &lselow average(0-< intensive users (p<0.001) scored significantly better on
6.5), “average (6.5-7.5) or“above average(>7.5-10) based the 5 bonus questions in the final exam compared to the
on their average historical grade, calculated from the finalnon-users as well as compared to each other (p<0.001)
examination grades obtaine during 4 previous courses. (Figure 1B). When corrected for the score on these bonus
Quantitative data is presented as means + standard deviatioquestions, intensive users of the app scored significantly
(SD), categorical variables are presented by percentage. Difietter on the final exam compared to non-users (p<
ferences in study behaviour (dependent variable) betwee®.001) as well as moderate users (p<0.001), moderate
the current and previous courses across the 4 weeks ofisers also tended to score better than non-users (p =0.07)
teaching were assessed using a two-way repeated measui@sgure 1C).
analysis of variance with Gredouse-Geisser corrections. In total, 22% of all students failed to pass their final
Differences in examination g@e, bonus question score and exam. The percentage of students failing for the exam cor-
corrected examination score were compared between userelates with the use of the app. Non-users more frequently
groups using a one-way analysis of variance with LSD postfailed their exam (34%) compared to moderate users (19%;
hoc test The effect of the app on the risk to fail for the final OR 0.46, Cl 0.26-0.80) and intensive users (12%; OR 0.28,
exam was analyzed using binary logistic regression analysi€.l 0.16-0.50).
Odds Ratios are presented with 95% confidence intervals
(CI). Results were consideredgsiificant in the situation that  Subgroup analysis

p<0.05. Based on the average grade during 4 previous 4-week
courses, students were classified“aslow average(n =162,

Results 37%),“averagé (n =155, 35%), ofabove average(n =122,

Participants 28%) (Table 3).“Above average students had a lower

In total, 461 students were invited to use the app. Studentschance (OR 0.4, Cl 0-D.7) to be in the non-user group,
that did not take the final exam or did not enroll in the but higher chance (OR 3.2, CI 1.9-5.2) to be in the
course were excluded from #h data analysis (n=14). In intensive-user group, compared to thébelow average
addition, students of which no previous grades were avail-group. Likewise,“averagé students had a higher chance
able (n=8) were excluded. This resulted in a final study(OR 1.9, Cl 1.2-3.1) to be in the intensive-user group com-
population of 439 students. The majority of the students pared to the “below-average group. Therefore, students
was female (66% female, 34% male) and studied medicingere divided into subgroups of non-users, moderate users
(74% medicine, 26% biomedical sciences) (Table 1). Thand intensive users acroské historical grade groups.
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Table 1 Group characteristics of the study cohort
Total study population Non-users Moderate users Intensive users p value
Number of students 439 122 139 178
Sex <0.001
Female (%) 66 50 69 74
Male (%) 34 50 31 26
Study 0.38
Biomedical Sciences (%) 26 21 29 26
Medicine (%) 74 79 71 74

In the group of students classified &below averagg use would like the app to be implemented in future courses
of the app resulted in a significantly higher grade during (Figure 3C).
the final examination for both moderate (p=0.001) and in-
tensive users (p = 0.002) compared to non-users (Figure 2ADiscussion
No significant differences were present between the sub-The current study shows that users of an internet-based
groups of the“average students (p=0.15) (Figure 2B). In app called“Physiomics, to the next lev&l which pro-
the group of students classified 4above averageonly in-  vides students with a series of formative tests, display
tensive users of the app obtained a significant higher gradéetter study behavior as well as study performance com-
during the final exam (p <0.001) (Figure 2C). pared to non-users in a large cohort of first year (bio)
Within the “below averagk historical grade group, medical students. These data suggest that internet-based
non-users more frequently failed their exam (61%) com-formative testing constitutes a powerful and innovative
pared to moderate users (33%; OR 0.32, Cl 0.15-0.67%pol for (bio) medical teachers to positively reinforce stu-
and intensive users (36%; OR 0.36, Cl 0.16-0.81). Due tdent behaviour and performance.
the low number of students that failed the final exam The “Physiomics, to the next levélapp was successfully
within the “averagé and “above averadehistorical grade implemented during a 4-week course, as indicated by the
groups no significant differences between user groupdact that 72% of the students used the app. Other studies

were found. applying e-learning programs found similar participation
grades [18-20,16]. Users of the app spent more hours
Evaluation studying per week compared to previous courses; this dif-

Students scored the app with an average grade of 7.3 £ 1.@rence in study behavior was absent in non-users. These
The layout and user friendliness were graded with 7.9 £ data suggest that the app positively affects study behavior.
1.1 and 7.0+ 1.4, respectively. 34% of the respondents fdlhterestingly, there was a significant baseline difference in
that the app positively affected their study behaviorthe amount of time invested in study between the non-

(Figure 3A), and 54% of the respondents stated the appsers, moderate users and intensive users, which could
helped them in their exam preparations (Figure 3B). Fi-represent an important confounding factor for the exam-

nally, a majority of the respondents (59%), indicated theyination grade as it suggests that the users of the app are in

Table 2 Study behaviour throughout the 4-week course

Week Repeated measurements ANOVA
1 2 3 4 Week Course Interaction
Study hours score of non-users p<0.001 p=0.265 p=0.246
Previous courses 24+x1.1 2711 32+11 41+13
Circulation & Respiration 21+1.1 28+1.2 3.2+13 41+14
Study hours score of moderate users p<0.001 p=0.161 p=0.070
Previous courses 2711 29+11 34+12 42+13
Circulation & Respiration 27+1.1 3.0+11 35+1.2 44+1.2
Study hours score of intensive users p<0.001 p=0.016 p<0.001
Previous courses 3.2%x11 3.4+0.9 3.7£0.9 44+11
Circulation & Respiration 31+11 36+11 40+1.3 45+1.1

Number of hours students spent studying per week for each individual week of a 4-week course (1 =0-10 hours, 2 =11-20 hours, 3 =21-30 hours, 4 = 3180 hour

5=51-50 hours, 6=> 60 hours).
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Figure 1 Grades and scores on final examination. AGrades on the final exam subdivided by non-users (white bars), moderate users (drey
bars) and intensive users (black b&s$core on bonus questions in the final ex@rCorrected examination scores (total score minus bonus
question score). Data are presented as means + SEM. *p <0.05 compared to n8p<u6eds,compared to moderate users.
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general higher achievers compared to the non-userscompared to the previously published studies that were
Indeed, previous studies have shown that students thaperformed under controlled circumstances. Alternatively,
generally perform well are more likely to use available e-the use of multiple-choice questions for formative testing
learning methods [21,22]. may have reduced our effect size. Although this type of
In addition to differences in study behavior, there were questions reflected the final examination of the course, it
also variances in study performance between the useris known that short answer questions (production tests)
groups. Users of the app obtained significantly highergenerally produce better long-term retention [25]. The
grades on the final exam of the course compared to non-effect of the app on study performance may therefore have
users. According to recent studies in sixth and eight gradebeen underestimated.
students, formative testing increases the percentage of Baseline differences in study behavior between groups
correctly answered questions during summative tests bysuggested that the studenthat used the app, performed
+10% [23,24]. In a group of undergraduate students, ebetter in general. Indeed, they have significantly better his-
14% increase in knowledge retention after 1 week was obtorical examination grades ampared to the non-users.
served when students underwent formative testing [8]. InInterestingly, after correction based on historical grades, it
our study, the difference between the performance ofwas the group of historicallybelow averagestudents that
non-users and intensive users on the score during the finalseem to benefit most from the use of the app, obtaining
exam was approximately 8 %. This is slightly lower com-higher grades and having a lower risk of failing the final
pared to previous studies, however, these other studiegxam. In the average group usage of the app did not have a
took place under controlled circumstances in which stu- significant effect on the final examination grade. THex-
dents either repeatedly studied the material or took re- cellent’ students only benefittedsignificantly when using
peated formative tests. In our study, the formative teststhe app intensively, indicating a ceiling-effect. The app
were part of a course in which a blended-learning ap-could thus be an important new tool to boost the perform-
proach was used. The additional exposure via the othelance of the group of students that generally perforielow
methods may have slightly reduced the effect of appaverage 66% of the students in thébelow averagegroup

Table 3 Subgroup characteristics based on historical grades

Total study population  “Below average “Average’ “Above averag€’
NU MU U pvalue NU MU U pvalue NU MU IU pvalue
Number of students (n) 439 56 61 45 45 44 66 21 34 67
Sex 0.006 0.030 0.22
Female (%) 66 43 62 73 53 68 77 62 82 70
Male (%) 34 57 38 27 47 62 23 38 18 30
Study 0.42 0.18 0.17
Biomedical Sciences (%) 26 34 41 a7 13 30 23 5 6 16
Medicine (%) 74 66 59 53 87 70 77 95 94 83

NU: non users, MU: moderate users, |U: intensive users.
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