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ABSTRACT

Background: Clinical pharmacology at the Leiden University Medical Center
is primarily taught by the Teaching Resource Centre’s (TRc) Pharmacology
database. The TRc program contains schematic graphics using a unique icon
language, explanation texts and feedback questions to explain pharmacology
as it pertains to pathophysiology. Nearly each course of the curriculum has

a chapter in the TRC database offered for self-study. Since using the TrRc
program is not compulsory, the question remains whether students benefit
from using it.

Methods: We compared the parameters of log-in attempts and time-spent at
each topic, to students’ final exam grades. Instead of looking at the regres-
sion of time spent on TRc on grade for one course, we looked at the individ-
ual student regression of time spent on TRc for different courses on grades.
Spending more time using the TRc being associated with higher grades
within an individual is a more powerful result than between students within
a course, as smart students are likely to spend more time using the Trc.
Results: Students increasingly used the program throughout the curriculum.
More importantly, the time spent using the program showed that increased
TRC use by an individual student is associated with a (small) increase in
grade. As expected for a non-compulsory activity, better students (those with
higher than average exam scores) logged-in to the TRc more frequently, but
poorer students appeared to have a larger benefit.

Conclusions: An increase in TRC use by an individual student correlates with
an increase in course grades.

INTRODUCTION

© B

Self-study computer programs primarily teach pharmacology and pharma-
cotherapy at the Leiden University Medical Center. The Teaching Resource
Centre (TRC) began to provide the computer-based education to medical
students at a time when there was no formalized pharmacology education
in the curriculum. The TRc Pharmacology database (http://coo.lumc.nl/TRrc)
is a program containing information on drug mechanisms of action as they
pertain to physiology and pathophysiology (1,2). The TRc database consists
of multiple topics for each course containing schematic graphics using a
unique icon language (3), explanation texts and questions with feedback
(figure 1). Students use the database as a part of a blended learning strategy
in which they use the database to 1) learn pharmacological mechanisms,

2) review physiological mechanisms, and 3) complete therapeutic plans

for electronic patient cases (4). Nearly each course of the curriculum has

a chapter in the TRc database offered for self-study. However, the question
remains, how can we evaluate our computer based teaching (cBT) program?
Many groups evaluate how much students like the program, others evaluate
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Figure 1
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The Teaching Resource Centre (TRC) database as it appears online
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the usage patterns and still others look for ways to measure learning.

These methods all have their limitations. Student opinions are, of course,
just opinions and tend to be biased (s5). Typically, only students who like and
enjoy the program answer the questionnaires, and are more likely to do so
if they believe their comments will improve the course (6). In contrast, when
evaluations are made a required part of the curriculum, they tend to be more
negative (7). In addition, some studies use 5-point Likert scales which don’t
have sufficient sensitivity to show the differences between courses. Usage
patterns can be helpful, as long as the cBT is used as a non-compulsory

part of the course (8). We have kept the TrRc database as a non-compulsory
activity believing that if the cBT program is worthwhile, the students will use
it. In a previous article (2) we have described how students began using

the database after introduction. In this study, we showed that a majority of
students use the program and that their activity increases as they approach
the exam, indicating that the students perceive the program as a good study
tool. However, can we measure that they have learned from the program?
As a clinical pharmacology group, we typically evaluate the effectiveness
of an intervention by randomized, double-blind placebo-controlled trials.
Although this may be optimal, it is not practical, as it is difficult to maintain
a control in different educational groups (9). Some students will invariably
utilize whatever educational means to complete a course. The real difficulty
comes from determining the appropriate measurement to use for the
assessment (10). It is well recognized that most self-created assessments
of an intervention will likely show an improvement. So we choose to use

the final examination grades (the only form of summative assessment used
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METHODS

at Leiden) as a measurement of learning, which still remains a standard as
a strong predictive factor for success on medical examinations (1), and a
moderate predictor of clinical performance (12).

To determine (with as few confounding variables as possible) if student
utilization of the Trc Pharmacology database relates to final examination
grades.

We evaluated students’ Trc database utilization across the curriculum for
two different years of study: 2003-2004 and 2005-2006. The 2003-2004
data represents student utilization of the TRc database when the program
was still ‘new’ in the curriculum. The 2005-2006 data represents student
utilization data for a cBT program that had been established and was
generally accepted in the curriculum. All courses with pharmacological
content in the TRc Pharmacology database were evaluated. The parameter of
total time-spent reviewing TRc database material for a particular course was
compared to the student’s final exam grade in that course (scale of 0-10).
Time spent using the database in 2003-2004 was determined separately
from the 2005-2006 data. Because time spent on a topic can include non-
study related activities (e.g. flicking through the program or getting a cup

a coffee leaving the computer on), time spent on a topic was set to zero
when very short (less than the fifth percentile of all times spent on a topic,

in this case less than 3 seconds in 2003 or less than 2 seconds in 2005) or
set to the gs5th percentile when greater than the gsth percentile for the whole
dataset (in this case more than 6 minutes in 2003 or g minutes in 2005).
Student identification numbers that were used for logging into a particular
topic but did not appear on the corresponding exam were deleted. Students
who did not show up for the examination were given the grade of zero.

DATA ANALYSIS

R

Data from each course are initially evaluated by placing the data in a scatter
plot of time spent versus final grade (An example using the results from the
circulation course is shown in figure 2). For each course a linear regression
analysis can be performed and for the circulation course it shows a slope
of 0.034 with a p value of <0.001. What does this data mean? It looks like
individuals who study more on the Trc database achieve higher grades,
and thus increase the slope. But when a regression is used in this manner,
the variability between the individual students greatly influences the slope.
Could it be that smarter students study more and achieve higher grades,
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Figure 2

Figure 3
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independent of the effect of the Trc database? One way to address this is
to determine if on a per student basis, increased time leads to increased
grades. Fortunately, we can do this assessment since we have repeated
measures of the same students across the curriculum. However, because
the average time required for students to study each course varied (some
courses had more topics), we had to normalize the time spent studying by

Scatter plot data with regression from the course Circulation (CIRr)
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using the percentiles of time in which the student used the Trc database.
At this point, the regression would look much like that shown in figure 3,
an example of g data points from 3 students’ grades in three different
courses. But figure 4 shows an illustration of two extreme examples of how
an individual student’s data could be lost in the overall regression. So we
analyzed all data together based on all the individual students’ regression
lines, and a new overall regression line was calculated taking into account

Figure 4 Illustration of two extreme scenarios in which a student’s individual learning can
be hidden in a general regression analysis
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Figure 5
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the influence of the individual student. But because some courses are more
difficult than others, the effect of the different average grades per course was
taken along as covariate in the analysis. Next to the overall regression line,
the slope and intercept for each course are calculated (final example shown
in figure 5). The slopes can be interpreted as a student who increases study
time from one percentile to another will have an increase in grade equal to
the slope. Finally, the grade regressions from study years 2003-2004 were
compared to 2005-2006.

Example of scatter plot with individual students’ regressions and the resulting
overall regression
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Time spent using the database in 2003-2004 was determined from more
than 80,000 hits to the TRc by over goo students. The 2005-2006 data
consisted of more than 175,000 hits from nearly 1100 students. This
absolute increase in student users of the TRc can be attributed to two
factors, 1) the nearly 20% increase in enrolment across all the courses and
2) a10% increase in TRC use.

The data from the all courses regression table (table 1) show that the
average grades earned from students who did not look at the Trc database
decreased from 6.3 to 5.9 between years 2004 and 2006. In addition, the
net scores achieved by those students who used the program the longest
decreased from 7.1 to 6.9. The data of grade by time using TRc in percentiles
show the slopes to be 0.32 (p<0.001) and 0.55 (p<0.001) for the 2004 and
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2006 years respectively (difference in slopes p=0.0014). Indicating that
students could increase their grade by 0.3 in 2004 and 0.6 in 2006 if they
spent to the 100th percentile of time on the Trc. The correlation between
the estimated intercept and estimated slope for every subject of the year
2005-2006 was —0.51 (no p-value as the correlation is based on estimates).
Thus, the lower the grade at the intercept, the greater the slope).

Table 1 Results of the regression analysis across all courses for years 2003-2004 and
2005-2006
Course Slope difference | p Average Average Average time
between |-value |grade of grade of (min) spent
slopes students students in | by students
in oth 95-100th in soth
Percentile Percentile | Percentile
2003 2006 2003 2006 | 2003 2006 | 2003 2006 | 2003 2006
General 0.0032 0.0055 |0.0023 0.001 6.3 5.9 71 69
Central nervous 0.0004 6.2 5.2 5
system
Chest 0.0046 0.0086 | 0.0040 0.071 6 5.6 7 7 57 52
Circulation 0.0091 5.6 6.4 |23
Developmental 0 6.5 7.4 20
disorders
Endocrinology 0.0056 0.0053 |-0.0003 0.896 6.3 5.7 73 66 |89 123
Gastroenterology 0.0016 -0.0002 | -0.0018 0.424 6.3 6.6 7 75 |7 34
Geriatrics 0.0044 0.0025 |-0.0019 0.504 |73 6.4 75 68 |62 113
Immunology 0.0063 6.9 81 |28
Infectious diseases |0.0048 0.0055 | 0.0007 0.785 |5.9 6 7 74 |24 30
Molecular medicine 0.0088 5.3 72 |28
Movement 0.0051 0.008 0.0029 0.203 5.8 5.3 6.7 64 |31 51
disorders
Oncology 0.0027 0.0035 | 0.0007 0.753 | 6.7 6.7 74 72 |24 49
Pathophysiology 0.0104 5 6.6 |25
Pediatrics 0.0002 0.0059 | 0.0057 0.029 | 7.1 6 79 7 15 13
Psychiatric diseases | -0.0008 0.0023 | 0.0031 0.182 | 6.1 6.1 6.7 64 |26 75
Psychopathology 0.0023 0.0033 | 0.0010 0.721 6.5 6.2 7 68 |9 19
Regulatory systems | 0.0054 0.005 | -0.0004 0.906 |6 6 65 6.7 |19 31
Renal & urology 0.0086 | 0.0079 | -0.0007 0.760 | 6.3 5.5 78 63 |11 25
Reproduction 0.0033 | 0.0021 |-0.0012 0.669 |6.3 6.3 65 7 7 45

-
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This analysis shows a significant relationship between the time students
spend using the TRc Pharmacology database and the ultimate grades

they achieved in a course. In addition, the slope of the increase in course
grades was larger in 2005-2006 when the results from the 2003-2004 and
2005-2006 years were compared. While no statement can be made that the
students are improving in the courses due to the TRc program and the TRc
program alone, the relationship exists, and exists for an (increasingly) large
number of students and courses.

In this analysis we have tried to systematically eliminate the typical
shortcomings described from the evaluations of other (computer-based)
learning interventions (13). First of all, many other studies evaluate teaching
interventions that are only implemented in individual courses where the
sample sizes are often not larger than 100. If the studies are then designed
as a controlled trial, the numbers of each ‘treatment group’ can quickly
fall, decreasing the power. Thus, it is fortunate that so many students have
logged in and used the TRc database in so many different courses. This has
provided us with sufficient power to make the various analyses possible.

This analysis also did not take place in an artificial controlled
experimental environment. Our study analyses the real-world results of Trc
Pharmacology database (users versus non-users) and tries to take as many
confounding factors into account as possible. The final examinations were
written by the course coordinators and contained maximally 10 percent of
questions focused on pharmacology. However, because the TRc contains
summaries of anatomy, physiology and pathophysiology as related to
pharmacology, it reinforces the students understanding of these topics
as well. Thus, it is all the more interesting that students show an increase
in grade when using the program. The external validity (and therefore
generalisability) of the study is therefore higher than that of a study which
creates it's own assessments of an educational intervention and controls the
environment of the participants.

The internal validity is however lower for our study, as we cannot
definitively say that the improvement in grades was the result of increased
time studying the TRc. One option may have been to assess the other tools
the students were exposed to or chose to use during their studies. In this
case we would have to rely on a questionnaire of the student utilization of
other interventions, and this type of self-reporting would be impossible
to compare to the actual data collected from the back-end of a computer
program.

Instead, we chose to have the students serve as their own controls. We
assessed individual student’s performance when they chose to use the TrRc
more or less in one course versus another. This individual user evaluation is
the real strength of this analysis. Most other in-course evaluations artificially
separate the students into control versus experimental groups which may
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or may not be comparable. Or alternatively, the study may have the groups
be self-selecting, where those students choosing to participate are obviously
more motivated and perform better. Then there are the few studies which
compare the results derived from a prediction of either having or not having
participated in the intervention. Unfortunately, these studies are not able to
demonstrate benefit from the studied intervention (14,15). Our study can not
indicate what motivates an individual student to use the TRc more or less.
One may also argue that the average increase in grade seems small, these
courses run between three and six weeks, and the average median study
time over all the courses is only 28 minutes. It appears that an extra hour of
study may increase grades by a half a point which seems efficient.

Perhaps the most intriguing result is the existence of a negative
correlation between the slope and intercept. The results indicate that the
TRC seems particularly good for the student who chooses not to study in
one course and receives a poor grade versus another where the student
is motivated to study and receives a higher grade. Statistically, this makes
sense, as bright students who always strive to achieve high scores, cannot
improve much from increased use of the TrRc Pharmacology database. As an
illustration, if they chose to study a little in one course and receive a 9, and
then choose to study more and receive a 10 in another, the slope is not large.
Thus, the TRc Pharmacology database is probably most effective where it
needs to be. It assists under-performing students to do better. In attempt
to motivate these students to use the TrRc database, these results were
included into the opening page of the program in the Fall of 2007.

Lastly, it is important to note the improvements in grades achieved
by TRc users between the 2003-2004 and 2005-2006 data. The results are
not attributable to the often-cited grade inflation, as the average grades
for students sitting for the exams fell between the two study years. A more
possible explanation is found in the increasing percentage of Trc users and
falling intercepts from 2003 to 2005. As more students use the Trc, those
that don’t use the program are found to earn lower grades. In addition,
the database has not been static between the years. Due to continuous
assessment of the feedback provided to us in the form of questionnaires and
online comments, we (together with the course instructors) continuously
updated the program. In situations where we had a poor relationship with
the course materials in 2003-2004, we either increased the amount of
relevant topics, or stopped participating in the course.

In summary

Students are increasingly using the TRc Pharmacology database program
throughout the curriculum and demonstrating an increase in study
efficiency. More importantly, an increase in TRc use by an individual student
correlates with an increase in course grades without regard to student or
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course. Our ability to demonstrate the usefulness of our E -learning program
was heavily dependent on the fact that the program was already being widely
used in many courses and by many students. By continuously analyzing the
utilization and performance of students using the program, we have been
able to introduce improvements to the e-learning program that improve the
students’ learning efficiency.
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