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Introduction 
 
One of the primary goals of education, along with developing a deep understanding of material, 
is enhancing long-term retention of principles, processes, vocabulary, and factual information.  
Unfortunately, we are not always effective at meeting this goal: studies have shown that typically 
90% of material is lost within 30 days of learning it1. 
 
Repetition has been shown to be a successful method of improving retention2, 3, 4.  
Physiologically, repetition has the effect of establishing permanent neuron pathways that allow 
access to (and thereby, recall of) the data, repetition recruits more neurons so the pathway is 
wider, and the environmental factors surrounding the learning experience result in development 
of multiple pathways to the data, enriching the ability to access the material5.  Furthermore, 
studies have shown that repetition should occur within deliberately spaced intervals to best 
establish neuron pathways6, 7. 
 
It is suspected that the lack of repetition, especially within the critical time frame, is a weakness 
in the typical university curriculum, and as a result, long-term retention suffers.  
Compartmentalization of material between courses and reluctance to spend limited class time 
reviewing previously-taught material mean that students are only exposed to some important 
topics a single time. 
 
The goal of this study is to demonstrate that repeated learning of material during a single 
semester improves retention when tested 16-18 months later.  Repeated learning will be achieved 
by the simple process of repeated testing.  Long-term retention will be measured by re-testing 
after three semesters have passed.  This paper presents preliminary baseline data, as results from 
testing the long-term retention of groups who were repeatedly tested are not yet available (these 
results will be presented at the meeting). 
 
Relation to present state of knowledge in the field 
 
Learning involves a multi-stage process.  First, material is encoded, in which information is 
fragmented and distributed to various areas in the brain and associated with the learning 
experience, setting, and previous information.  Then it is stored, where neuron links are 
temporarily established.  Later, it may be retrieved, as links are accessed8.  The problem with 
long-term retention is that links will fade with time unless the learning experience is emotionally 
strong9 or elaborately and deeply encoded, perhaps through repetition8.  This concept is relied on 
for licensing of medical doctors, who must pass a series of exams over a course of approximately 
three years, each of which requires more sophisticated recall and application of the body of 
knowledge learned through medical school and early residency. 
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The benefits of repeated testing for retention were demonstrated by Roediger and Karpicke10, 11, 
who showed that students who were tested repeatedly on material scored higher on later retention 
tests than students who studied repeatedly and were only tested once.  This improvement has 
been termed the “testing effect” and has been shown by other research studies as well12, 13, 14.  
The type of recall required by testing is different and more intense than the type of recall 
experienced by repeat-reading or by studying in a relaxing environment.  The intensity induced 
by the testing environment entrenches neuron links, thereby enhancing retention of information.  
A recent paper suggests that students who repeatedly read their notes (“cramming”) experience 
“illusions of competence” but do not engage in the critical skills of retrieval of information that 
testing develops11.  In one test, the study-only group read a sample passage an average of 14 
times, recalling 40% a week later, while the repeat-testing group read the passage an average of 
3.4 times, yet recalled 61% after a week.  Interestingly, the study-only group performed better 
than the repeat-testing group on tests given five minutes after the last study session10. 
 
These published studies have two significant differences from the preliminary research reported 
here.  First, the Roediger and Karpicke studies tested retention at intervals of five minutes, two 
days, and one week, which really is only short-term review and recall.  Other retrieval and 
memory research also relies on these short time frames6, 12, 15, 16.  These studies consider recall 
periods on the order of two days to be “long term”17.  Two exceptions are Butler and Roediger18, 
who tested material from three lectures one month after the instruction, and Bahrick19, who 
reports on recall of high school algebra and Spanish vocabulary over a period of one to 50 years.  
Repeat testing was not part of either study.  We conducted repeated testing over an entire 
semester, with a final retention test 16-18 months later.  A second distinction is that these 
previous studies involved clinical rather than classroom teaching settings, with a very limited 
breadth of study material; for example, the Roediger and Karpicke studies use vocabulary word 
pairs or testing on single prose passages.  We tested actual classroom teaching with a full range 
of course material covered in a semester.  Consequently, this is a set of field trials of their 
narrowly-defined clinical studies. 
 
Other measurements of knowledge-base across an entire field, such as licensure exams or even 
comprehensive degree examinations do not measure long-term retention of knowledge.  Students 
study for these exams, so the testing measures their ability to retain a larger amount of 
information, but only over the short time frame between studying and taking the exam. 
 
Tested groups 
 
The course used in this study, GEGN 202 – Geologic Principles and Processes, has had a recent 
enrollment of 60-70, including all sophomores in both Geological Engineering and Geophysical 
Engineering (Table 1).  All students are tested in the class, but only the geological engineers are 
tracked for long-term retention testing.  Traditionally, this fall semester course has included two 
non-cumulative exams (in addition to two late-semester exams on topics not tracked for this 
study).  More recently, the course was modified to include six exams in 2009 and five exams in 
2010, all of which were cumulative, covering all material already introduced in the course.  
Consequently, some topics were tested as many as six times, later material tested five times, and 
so on, with the material at the end of the semester tested only once. 
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Table 1.  Summary of tested groups. 
Group Date of enrollment in 

GEGN 202 
In-class testing on material 

tracked for retention 
Date of retention 

exam 
2007 control group (N=25) Fall 2007 2 exams, not cumulative April 2009 
2008 control group (N=38) Fall 2008 2 exams, not cumulative March 2010 
2009 test group (N=50) Fall 2009 6 cumulative exams April 2011 (expected) 
2010 test group (N=50) Fall 2010 6 cumulative exams April 2012 (expected) 
 
A long-term retention exam was prepared, consisting of 30 multiple-choice questions, divided 
evenly among the general course topics.  The retention exam was administered to two cohorts of 
students (Table 1): those who had taken the course in Fall 2007 and were tested in April 2009 
(25 students in the “2007 control group”), and those who had taken the course in Fall 2008 and 
were tested in March 2010 (38 students in the “2008 control group”).  Scores from these two 
control groups are the baseline levels representing typical retention of information over a period 
of approximately 18 months.  The two control groups are the baseline against which we expect to 
demonstrate improved scores as a result of repeated testing during the original class. 
 
In addition to the two control groups, two test groups will represent students who were tested 
more frequently during the semester.  The retention test will be given to Fall 2009 students in 
April 2011 (40 students in the “2009 test group”) and the Fall 2010 students in April 2012 (50 
students in the “2010 test group”) and their scores will be compared to the control groups to 
demonstrate the expected improvement in retention. 
 
Baseline 18-month retention exam 
 
The 30 questions in the long-term retention exam were divided among the 10 topical categories 
covered in the class.  The number of questions in each category reflects the amount of lecture 
time spent on that category.  The topical categories, in chronological order of presentation, 
include: 
 

1. Glacial (4 questions) 
2. Periglacial (1 question) 
3. Volcanic and igneous (2 questions) 
4. Climate, weathering and soils (3 questions) 
5. Slopes (3 questions) 
6. Folding and faulting (2 questions) 
7. Drainage basins and fluvial (5 questions) 
8. Arid (3 questions) 
9. Karst (3 questions) 
10. Coastal (4 questions) 

 
The students had repeated exposure or testing of only a small subset of topics before the 
retention exam.  That is, other courses in their curriculum delivered between GEGN 202 and the 
retention exam did not provide in-depth review of many of the topics covered and tested in 
GEGN 202, except for topic 6, and to a lesser degree for topic 3.  The students were not aware 
they would be taking the retention exam and did not study for it. 
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The results of the baseline retention tests are summarized on Figures 1 and 2, which display the 
percentage of correct answers for each question and for each topical category, respectively. 
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Figure 1.  Summary of retention exam scores for individual questions. 
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Figure 2.  Summary of retention exam scores for each topical category. 
 
A few observations are intriguing and worthy of comment: 

1. The mean score on the test was 60% for the 2007 control group and 66% for the 2008 
control group.  For comparison, the average of test scores for the class three semesters 
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earlier was 79% and 82%, respectively.  From these differences it may be concluded that 
there is a measurable performance difference, even between two groups learning under 
close to identical conditions.  There are no clear indicators why the 2008 grouped seemed 
to perform better than the 2009 group. 

2. While the scores of the two control groups showed similar higher and lower values from 
question to question on Figure 1, there are obvious differences in the percent correct for 
each group of students.  On average, there is a 10% range between scores on each 
question.  The 2008 control group scored higher on the majority of the questions, 
resulting in their higher average score, while the 2007 control group scored higher on 
only six of the questions. 

3. Scores on the retention test did not correlate with the order of presentation of topics 
during class, as shown by the randomly varying scores on Figure 2.  Topics presented 
early or late in the semester were not retained better or worse than other topics. 

4. Scores on the retention test showed only a weak correlation (R2 = 0.12) with scores on 
the in-class exams taken 18 months earlier (Figure 3).  When the control groups are 
separated, the trend for the 2007 group is even weaker (R2 = 0.033).  This is an important 
observation: success in class does not necessarily indicate success in retaining 
information after class. 

 

y = 0.4399x + 27.725
R2 = 0.1186
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Figure 3.  Correlation of the average exam grades students received in GEGN 202 with the 
retention exam score 18 months later.  The trend is weakly statistically significant. 
 
Cumulative testing during 2009 and 2010 
 
A short evaluation was given to the cohort of students who were given the multiple cumulative 
exams in 2009 and 2010 (the “2009 test group” and the “2010 test group”).  The evaluation 
consisted of a series of questions to be answered on a Likert scale (strongly agree, agree, neutral, 
disagree, strongly disagree).  Notable results are in Table 2. 
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Table 2.  Results of survey of 2009 and 2010 test groups who had taken 6 and 5 cumulative 
exams, respectively (n = 103). 

Question Strongly 
disagree or 

disagree 

Neutral Strongly 
agree or 

agree 

Summary 

Do you feel you learned this subject better by 
having many, comprehensive exams? 

4% 9% 87% Overwhelmingly 
“yes” 

Did you review old material from previous exams 
as much as you should have? 

39% 19% 42% As many did as 
did not 

Did you have to give up time for learning the new 
material in order to have time to review the old 
material? 

35% 23% 43% Nearly as many 
did as did not 

Should we keep giving comprehensive exams? 8% 8% 83% Overwhelmingly 
“yes” 

How many exams do you think is ideal? 61% responded with the number of 
exams they took 
24% suggested one fewer than the 
number they took 
8% suggested two fewer 

5 or 6 seems 
ideal 

 
The students overwhelmingly agreed that they learned the subject better by being tested 
frequently (87% responded “agree” or “strongly agree”).  Likewise, 83% responded that multiple 
comprehensive exams should continue to be given in the class.  On the negative side, only 42% 
felt they reviewed old material from previous exams as much as they should have (although there 
was a strong difference in the two groups: 26% from 2009 and 57% from 2010).  Moreover, 
when asked if they had to give up time for learning new material in order to review old material, 
35% agreed that they did.  For the most part, students were accepting of taking frequent exams, 
with 61% agreeing that the number they took was ideal (6 exams for the 2009 group and 5 exams 
for the 2010 group).  A quarter of them suggested taking one fewer exams than the number they 
took. 
 
2011 and 2012 retention exams 
 
The retention exams for the 2009 and 2010 test groups will be given in April 2011 and April 
2012, respectively, so results are not available at the time of this writing.  Results for the 2009 
test group will be presented at the conference. 
 
Potential limitations and confounding factors 
 
Although this experimental design has distinct advantages in simplicity and ease of 
implementation by others, it also has some inherent weaknesses.  One of the foremost is that 
students have no compelling reason to do their best on the 18-month retention exam.  It has no 
bearing on their grades and they are told that it is part of an educational study.  Furthermore, it 
takes them 10-20 minutes, so they may lose whatever motivation of concentration they had 
before they are finished.  On the other hand, as a multiple-choice exam it is straightforward for 
them to complete, and the novelty of seeing what they can recall and of being part of a scientific 
study may be sufficient motivators to inspire full efforts.  These students all take summer field 
course two months after the retention exam, and they have been quite interested in seeing their 
(and their colleagues!) scores. 
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Another potential confounding factor is that the multiple in-class exams may simply be 
improving students’ abilities as test-takers, and taking five or six exams written by the same 
instructor may prepare them better for the 18-month exam than taking only two in-class exams.  
Their support for multiple exams may stem from their desire to have more opportunities to 
improve their grades or to reduce the impact of a single poor performance.  However, the 
average grades for each of the five exams for the Fall 2010 class showed almost no change 
through the semester, except for a dip in the score on exam 2 (the average grades, in 
chronological order, are 84.5, 79.7, 82.9, 84.3, and 84.4). 
 
A third possible confounding factor is the reinforcement of topics in other classes during the 
intervening 18 months.  This certainly was the case for topic 6 in Figure 2, and to a lesser degree 
for topic 3, and both topics show higher retention scores than average. 
 
The degree of sophistication of the material being tested may be a limitation to applying the 
results of this study in broader scenarios.  Most of the items in the current retention exam test 
students at Bloom’s20 taxonomy levels 1 and 2 (“knowledge” and “comprehension”), which 
focus on factual recall, definitions, vocabulary, and basic conceptual understanding.  The 
demonstration of impacts of repeated testing on retention of higher level skills (application, 
analysis, synthesis, and evaluation) will be more tenuous. 
 
The intensity of instruction is another factor that may influence retention, but is not gauged for 
this study.  Previous research has shown the memory benefits when “challenges,” such as more 
diverse or intense learning experiences, are included in the teaching process4, 21. 
 
Conclusions 
 
While the improvement of long-term retention resulting from multiple, cumulative exams 
remains to be shown, the baseline studies have revealed several points related to retention. 
 

• Retention exam scores were 16-19% lower than scores on in-class exams three semesters 
earlier.  This may indicate a measurable loss in information retention over the elapsed 
time. 

• In-class exam scores are poor predictors of the level of retention over a long time period 
(16-18 months in this case). 

• Retention is not better for topics presented later in the class. 
• Students were amenable to taking a larger number of cumulative exams, although they 

may face time constraints that limit their review of old material or their learning of new 
material. 
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