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USING A RECOGNITION MEMORY PARADIGM TO ASSESS STUDENT
RETENTION OF COURSE MATERIAL
CORINNE BULMAN NAGLE
ABSTRACT
Although the science of learning and memory has been well studied within the
confines of laboratory environments, more recent investigations have attempted to apply
these principles to educational practice. Understanding the mechanisms involved with the
encoding, consolidation, and retrieval of knowledge learned in the classroom provides an
avenue for improving instruction and designing interventions for struggling students. The
current study examines the memorial mechanisms underlying the retention of anatomical
information in first year gross anatomy students. This study uses a variant of the
Remember/Know/New recognition memory paradigm to quantify participants’ subjective
memorial experience that, in turn, may be related to the underlying cognitive mechanisms
used by students to retain information over time. Prior research has suggested that
Remember and Know responses are associated with the memorial processes of
Recollection and Familiarity, respectively. Thirty-one students from a gross anatomy
course completed a computer-based memory task at three time points: prior to the course
(time 1), after the completion of the course (time 2), and six months later (time 3).
Students were presented with anatomical terms and were asked to respond as to whether
they “Can Define”, are “Familiar” with or “Don’t Know” each term. It was predicted that
students who performed better in the course would have a stronger sense of recollection

immediately after the course as indexed by “Can Define” responses. Further, we predicted
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that these students would have more “Can Define” responses and fewer “Familiar” and
“Don’t Know” responses after six months relative to lower achieving students. The results
show an increase in “Can Define” responses from time 1 to time 2 that were attenuated at
time 3 with an accompanying increase in “Familiar” responses, suggesting students do not
completely forget concepts but are not able to recall as many specific descriptive details
compared to time 2. A positive correlation between final course grade and proportion of
“Can Define” items at time 3 was revealed; suggesting the durability of learning is
stronger in those that performed better in the course. These results offer a better
understanding into the long-term retention of course content and a glimpse at individual

differences in memory.
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INTRODUCTION

The goal of an effective medical education is to enrich students with a strong
knowledge base that they can properly translate into their future clinical practice. To
acquire this knowledge requires students to efficiently encode large quantities of new
information, assimilate it with previous knowledge, and retain it for future assessment
situations, whether in the classroom or in another naturalistic setting. In medical
education, gross anatomy is a foundational course that introduces medical students to the
language used to describe the human body. Retention of the vocabulary, content, and
concepts presented in the course is integral to students’ future successes with academics
and in their careers as physicians. Examining how students in this course learn and retain
information can provide unique insight into how such complex knowledge is initially
encoded into memory, then later consolidated into more generalized knowledge.
Traditional classroom assessments gage student learning throughout a course but do not
provide information for how concepts will be retained over time. Examination of student
retention beyond the final exam can guide instruction practices to maximize both short
and long-term memory for course content. Understanding how the underlying memorial
mechanisms involved with the learning, retention, and integration of this knowledge
provides an avenue for improving classroom instruction and could help students
maximize the retention of learned information.

Neurobiologically, learning is described as a change in the strength of connections
between neurons in response to environmental stimuli (Bailey & Kandel, 2004), whereas

memory is the persistence of those changes over time (Dudai, 2007). The learning and



memory process consists of several stages. An initial encoding stage occurs during
acquisition of information inducing structural changes in the brain (Hebb, 1949).
Knowledge gathered from experience and further schooling is a neuronally encoded
version of our world (Dudai, 2007). Information is processed through sensory regions of
the brain and bound together by structures in the medial temporal lobe, including the
hippocampus, to create a distinct episode (Eichenbaum, 2004). Through a process of
consolidation and storage, these learning episodes can be stabilized into memory.
Through consolidation, memories become less reliant on hippocampal regions and are
incorporated into a semantic memory system residing within neo-cortical brain areas
(Dudai, Fitzpatrick & Roediger, 2007). Further research in to the organization of
semantic memory has revealed a system of schemas that augment storage of related
information improving both encoding and retrieval processes (van Kesternen, 2014).
Declarative memories or memories that can be consciously accessed have been described
as being controlled by separate but interacting episodic and semantic memory systems.
The semantic system controls memory for facts and concepts that are not linked to a
particular learning episode or experience, such as grass is green or Boston is the capital of
Massachusetts (Squire, 1992). Semantic memories are thought to be stabilized memory
traces that have undergone consolidation and are less dependent on medial temporal lobe
structures. Episodic memory includes memories of life experiences and particular
episodes such as your birthday celebration last year. Neuroimaging and patient studies
have revealed the importance of the hippocampus and surrounding cortex in episodic

memory retrieval (Eichenbaum, 2004). Dual process models have further subdivided



episodic memory into a recollection and familiarity processes. Familiarity represents a
signal detection that stimuli has been encountered in the past but lacks specific detail or
context, often experienced when seeing a particular face but not recalling exactly how we
know this person. Recollection is associated with distinct contextual details about a
particular stimuli or episode and a feeling of “remembering” (Rugg & Curran, 2007,
Yonelinas, 2002).

Although the science of learning and memory has been well studied within the
confines of laboratory environments, more recent investigations have attempted to apply
these principles to educational practice. We will discuss two such avenues of
investigation that have led to improved performance: practice testing and spaced learning.

Frequent, low stakes practice testing has been shown to improve retention by
activating related information upon each retrieval that is also subsequently stored along
with the original memory, improving both encoding and retention (Izawa, 1971; Brown,
Roediger & McDaniel, 2014; Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013).
This phenomenon often referred to as the “testing effect” has been shown to be effective
in improving memory in the classroom. Frequent retrieval practice is thought to increase
the strength of the memory trace, allowing for easier future retrieval, and interrupting the
process of forgetting (Brown, Roediger & McDaniel, 2014; Carpenter, Cepeda, Rohrer,
Kang, & Pashler, 2012; Roediger & Butler, 2011; Pyc & Rawson, 2010). A recent
imaging study attempted to explore the physiological changes underlying this testing
effect. Participants studied novel word pairings (Swahili-Swedish word pairs) five times

on day one. On the second day, participants completed a free recall test for half of the



word pairs and studied the other half of the words a second time (repeated study
condition). The word pairs were then presented to participants while in the fMRI scanner.
When participants were presented with words that had been tested compared with those
that had been studied on the second day, increased brain activity was observed in regions
implicated in encoding including the left hippocampus and left prefrontal cortex, adding
to the evidence that testing enhances encoding processes (Vestergren & Nyberg, 2014).
More recent work has applied the testing effect to medical education. Larsen
compared repeated testing to repeated study with medical residents. Residents attended a
one-hour conference on two specific topics in neurology (status epilepticus and
myasthenia gravis). Residents were assigned to one of two conditions. In the repeated
testing condition, residents completed short quizzes on the assigned topics. In the
repeated study condition residents spent the same amount of time studying the
information presented in the quizzes on a review sheet provided by the experimenters.
Participants returned two and four weeks later to repeat their assigned activity. Six
months later, all participants returned to complete a final test on both topics. For both
topics, test scores increased an average of 13% more for students in the repeated testing
condition compared to the repeated study condition (Larsen, Butler, & Roediger, 2009).
The testing effect has also been examined in dental and medical students in a
human anatomy course (Logan, Thompson, & Marshak, 2011). It was found that the
repeating of questions on three quizzes (on the topic of the nervous system) spaced /2
hour and one week after the initial learning session improved scores on similar questions

on the final exam by 29% relative to questions on other topics. Repeated testing has also



been shown to be more effective in increasing informational retention in medical students
compared to a self-explanation learning method (Larsen, Butler, & Roediger, 2013).
Another learning strategy, distributed practice, also know as the spacing effect or
lag effect has also been widely explored in both laboratory and classroom environments.
Various studies have shown that spacing learning over time and across multiple study
sessions enhances retention compared to massed practice or “cramming,” and increases
the efficiency of learning (Rohrer & Pashler, 2010; Dunlosky et al., 2013; Brown,
Roediger & McDaniel, 2014). On the cellular level, a recent animal study showed that
spaced training provided for more long term learning which correlated with the survival
of cells in the dentate gyrus of the hippocampus, a neuroplastic brain region implicated in
learning and memory (Sisti, Glass, & Shors, 2007). According to Bahrick and Hall
(2005) the spacing between learning episodes allows students to discover and correct
inadequacies in their encoding and leads to longer lasting learning. Reviewing of the
same information in episodes that are too close together provides students with a sense of
false confidence in their knowledge of the content due fluency, related to the relative ease
in which the newly learned content is retrieved. It is also thought that the process of
retrieval at a separate episode strengthens the original memory in the same manner as the
testing effect, increasing the strength of the memory trace, allowing for easier future
retrieval and interrupting the process of forgetting (Brown, Roediger & McDaniel, 2014;
Carpenter, Cepeda, Rohrer, Kang, & Pashler, 2012; Roediger & Butler, 2011; Pyc &
Rawson, 2010). Applications of distributed practice to medical education have shown

promising results. For example, in Moulton et al. (2006) residents were randomly



assigned to receive four trainings on microvasculature procedures either all in one day or
spaced over the course of four weeks. The distributed practice group showed significantly
better performance on outcome measures such as final product analysis and competency
in a final test of the set of surgical skills. Another medical education study examining
distributed practice used a sample of 3" year medical students completing clinical
clerkships (Kerfoot, DeWolf, Masser, Church, & Federman, 2007). As a part of their
training all students completed a mandatory 1-week clinical rotation in urology as well as
a web-based teaching program on 4 core urology topics. Using a within subjects design,
students were divided into two groups and received weekly review e-mails (11-13 e-
mails per topic) on only two of the four core urology topics previously studied in the
web-based teaching program. Half of the students received spaced e-mails on two of the
topics and half received e-mails on the other two topics. E-mails consisted of a clinical
case or questions followed by an explanation and teaching summary. Students completed
a written assessment on all four of the core urology topics prior to, and at the completion
of the academic year. Students showed greater improvement on topics to which they
received spaced e-mails throughout the year. The authors suggest that distributed practice
could enrich the current massed learning structure used in medical education.

Many of the studies in the education literature focus on improving learning and
memory, but have not closely examined the memorial mechanisms that underlie learning,
and in particular long-lasting learning. This focus is not surprising, given that the goal of
medical education is to improve learner performance rather than to directly examine

theoretical principles. Gaining a better understanding of what mechanisms underlie long-



lasting learning in the classroom and how learned information changes over time in
memory will, however, enable improvements to classroom instruction and study
strategies for students in order to increase their retention of information. Transience, the
property of memory that it decays over time, might suggest that what is learned in an
educational course decays rapidly after the course ends (Ebbinghaus, 1913; Schacter,
1999). However, many studies indicate this decline may be quite mild, and that students
retain a surprising amount of knowledge one year after a course has ended (see Custers &
Ten Cate, 2011; Semb & Ellis, 1994 for review). Semb and Ellis’s (1994) meta-analysis
found students retained a mean of 84% of all learned information when probed with a
recognition assessment and 55% of all learned information when asked to recall
information they learned, based on a retention interval range of 27-52 weeks. Custers and
ten Cate (2011) presented a more recent review, which summarized the results of 20
studies focusing on the retention of basic scientific knowledge published over the past 50
years. In their review of memory measures, specifically recall and multiple choice,
students retained about 66% of the information they learned on average one year after
they completed an education course.

Although significant work has been done to understand how much information is
retained overtime, few studies have attempted to elucidate the memorial mechanisms that
students employ when retrieving course content. Many of the previously reviewed studies
demonstrated that different encoding and retrieval manipulations could improve student
retention. However, it is not entirely clear what mechanisms underlie the retention of this

information. By better understanding what memorial mechanisms students use to retain



information in both the short and long term, techniques can be developed to better
leverage these mechanisms to further improve student performance in the classroom. The
Remember/Know procedure is commonly used to dissociate the subjective experience of
recognition memory asking subjects to respond, “Remember” for stimuli for which they
can recall specific contextual details and “Know” for stimuli for which they have
acontexual familiarity (Tulving, 1985).

Conway and colleagues (1997) investigated changes in subjective memory
awareness in a group of first year psychology students. Students completed multiple-
choice assessments at the end of seven different psychology courses based on the
information they just learned in the course. After they answered each multiple-choice
question, they made one of four memory awareness decisions. They were asked if they
“Remember” the information, “Know” the information, were “Familiar” with the
information or gave a “Guess” response. It is important to note that in this particular
experiment, “Remember” and “Familiar” were used to denote recollection and
familiarity, respectively. The “Know” response was reserved for concepts that students
were able to recall without the accompanying recollection of a specific episode where it
was learned thought to be controlled by the semantic memory system. This procedure
was repeated 25 weeks later in one of the courses. Their findings show that individual
differences in achievement in each course were reflected in the memory awareness
metrics at the conclusion of the course. Students that performed better had a higher
proportion of remember responses. After a 25-week retention period, the dominant

responses shifted from remember to know, reflecting the loss of episodic detail and the



emergence of integration with the semantic memory system. Conway discusses the
implications for educational practice and the importance of designing instruction and
assessment to foster the transfer of information into durable schemas and prevent
forgetting.

Conway (1997) proposes a “schema plus episodic view” of knowledge
acquisition in which students initially rely on the episodic memory system to support
learning, linking new knowledge with specific learning episodes. Retrieval of this
knowledge will be dominated by feelings of remembering and recollection with some
familiarity. As knowledge progresses, the development of schemas shift the memory to a
more semantic memory state of ‘just knowing” with a less significant contribution of
memory for specific learning episodes. For example, in the context of the gross anatomy
course, strong episodic memories are likely to accompany the retrieval of memories such
as the “musculocutaneous nerve” as students initially recall the laboratory experience of
working diligently in uncovering the branches of the brachial plexus and tracing the
proper nerves to discover their target. With time, practice, and the addition of more
knowledge and experience, the relationship of the concept of the musculocutaneous nerve
to the specific laboratory episode becomes less clear and that specific episodic memory
trace eventually becomes more generalized within the semantic memory system. Though
a small trace of the episodic information may continue to support the knowledge, the
retrieval of information will most likely be associated with the awareness of “Just
Knowing” compared to a previous state of “Remembering”, signifying the transition to

the semantic memory system. However, not all items can be readily retrieved using the



semantic memory system or episodic recollection, represented in Conway’s study with
responses of “Know” or “Remember”, respectively. Some items are rated as “Familiar”
defined as the awareness of a previous encounter with the material in the absence of
context or detail (see also Herbert, 1999).

Herbert and Bert (2004) further explored the importance of episodic memory in
the development of schemas and long-term knowledge. Students studied material in an
introductory statistics course that was either rich with examples and detail or lacking in
detail. Students completed a multiple-choice assessment two days and five weeks after
the initial learning session, using similar judgments seen in Conway (1997). More
“Remember” responses and increased accuracy were reported in the condition
emphasizing the development of strong episodic memories. The results of this study
highlight the importance of the creation of rich and distinctive episodic memories in early
in learning.

The prior studies provide information that is salient for educational practice. They
provide evidence that a curriculum design that incorporates rich, detailed content will
enable students to strengthen the storage of knowledge in episodic memory. Further,
strengthened episodic memories of learned knowledge can lead to more efficient
generalization of this information into new or existing schemas. The gross anatomy
course is a unique exemplar in which instruction is accompanied by a vivid laboratory
experience that may create a distinct episodic memory, assisting students in creating
durable semantic memories. However, not all episodic memories are developed into long

lasting schema; some lose content detail as the episode fades to only a familiar trace.
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Exploration of the fate of episodic memories over time is valuable in the improvement of
instructional practice. The goal of knowledge development is to create learning
experiences that will transfer to a semantic state and be retained for future retrieval rather
than fade to a feeling of familiarity.

Dual process models propose that individuals use two mechanisms to retrieve
information from episodic memory, familiarity and recollection. An initial familiarity
process occurs very shortly after stimulus presentation and represents a signal detecting
that stimuli have been encountered in the past but lacks specific detail or context. For
remembered items, a later recollection component is associated with distinct contextual
details about a particular stimulus or episode and a feeling of “Remembering” (Rugg &
Curran, 2007; Yonelinas, 2002). Event-related potential (ERP) studies have provided
evidence for this dissociation with the unique spatiotemporal signatures of each process.
Familiarity has been associated with a frontally based signal occurring 300-500
milliseconds after stimulus presentation, while recollection has been associated with a
more posteriorly based signal and occurs 500—800 milliseconds after stimulus
presentation. Further work has used fMRI studies to show differential activation during
recollection and familiarity in the prefrontal cortex, parietal lobe, sensory areas, and
medial temporal lobe (See Skinner & Fernandes, 2007 for review). Both familiarity and
recollection responses have been found to be associated with activation of the right
dorsolateral prefrontal cortex and precuneus regions of the parietal lobe. Results of
previous studies show areas recruited in the prefrontal cortex involved with source

monitoring with additional superior regions of the frontal lobe thought to be associated
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with source memory only activated during recollection. Additional areas of the parietal
lobe thought to be involved in memory storage possibly having a role in the amount of
memory recollected (Leiker, 2014) or retrieval success (Shannon & Buckner, 2004; Kuhl
& Chun, 2014) are also recruited during recollection but not familiarity. Recollection but
not familiarity was also found to be associated with re-activation of sensory areas of the
cortex that were involved during initial encoding of the memory. Medial temporal lobe
structures were differentially activated during processes of familiarity and recollection.
The hippocampus and adjacent parahippocampal cortex were more active during the
process of recollection. Familiarity was associated a concurrent decrease in perirhinal
cortex activity. Several studies have hypothesized this deactivation of the perirhinal
cortex may serve as a familiarity signal in the brain (see Skinner & Fernandes, 2007 for
review)

A recent study by Mirandola and colleagues (2010) employed the dual process
model in the educational realm to investigate individual differences in memory
performance in students with learning disabilities. Based on standardized tests of reading
and memory as well as teacher reports of scholastic achievement, students were
categorized into a “poor learners” group and a “control” group. In their study, students
were read a story aloud by an experimenter followed by a recognition memory test. After
a five-minute delay students completed a recognition memory test consisting of 32
sentences, which asked students to decide if they were or were not heard as part of the
story. Results showed that poor learners had fewer hits and more false alarms compared

to a control group in recognizing text sentences from a previously encountered narrative.
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Though poor learners exhibited fewer remember responses compared with the control
learners, familiarity remained intact across groups. The authors suggested that poor
learners over-relied on familiarity and showed impairments in their use of recollection.
This result may account for some of the learning difficulties experienced in the
classroom. The authors posit the observed deficit in recollection may be due to
difficulties in semantically processing information, which has been shown to support the
recollection process. Similar work with individuals with high functioning autism has
shown differences in physiological correlates of recognition memory despite preserved
behavioral performance during a recognition memory task (Massand, 2013). These
studies highlight the importance of investigations into individual differences in
behavioral performance and physiological mechanisms of memory in development and
evaluation of course curriculum to maximize student retention.

Though laboratory paradigms offer the opportunity to examine memorial
phenomena under controlled circumstances, there is a distinct need for studies of in the
classroom environment across different disciplines and cohorts of students. Much of the
body of literature investigating memorial awareness in students has been done in the
context of psychology courses (Conway, 1997; Herbert & Bert, 2004). The present study
extends this work to examine recognition memory in a group of first year medical
students in Medical Gross Anatomy, a course rich in opportunities for the development of
episodic memories to support content and potentially boost semantic processing.

In the current study, gross anatomy students were tested on their knowledge of

anatomical terms. Experimental sessions were spread across three time points (prior to
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the course, immediately after the 16-week course, and six months after course
completion), to track the progression of how students’ memory for anatomical terms
changed over time. During each session, students were presented with terms from the
anatomy course along with obscure anatomical terms and were asked to make memorial
awareness judgments based on their knowledge of the terms. Students made “Can
Define” judgments if they could specifically recall the term enough to define it,
“Familiar” judgments if they could not specifically define the term but thought they had
seen it before, and “Don’t Know” judgments if they did not know the term at all. Our
predictions closely follow theoretical explanations espoused by Conway (1997) and
Herbert et al. (2004), as well dual process memory frameworks (e.g., Yonelinas, 2002).
We were particularly interested in observing the changes in states of memory awareness
over the six-month retention interval following course completion. In keeping with the
progression of knowledge from episodic to semantic memories, it hypothesized that
proportion of “Can Define” responses, associated with both episodic recollection and
semantic memory, will be greatest immediately after the course and would decrease over
the six-month retention interval due to the process of forgetting. Further, it is predicted
that proportion of “Familiar” responses will increase from immediately after the course to
six months later, as memories may no longer be accompanied with distinct recollection of
details or have been incorporated in to semantic schemas. We were also interested in
examining individual differences in the progression of memory responses over time and
the relationship with academic achievement in the anatomy course as indexed by final

grades. Based on prior studies it is predicted that students who performed better in the
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course will have a stronger sense of recollection immediately after the course as indexed
by “Can Define” responses. Further, we predict that these students will have more “Can
Define” responses and fewer “Familiar” and “Don’t know” responses after six months
relative to lower achieving students. Students that perform better in the anatomy course
may use strategies to initially encode information more strongly into memory, which, in
turn, allows information to later be more strongly integrated into their semantic memories
associated with medical information (i.e., they general knowledge of medical
information). This integration may lead to more strongly stored and more durable

memory (both episodic and semantic) for learned anatomical information.
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METHOD
Participants

The protocol for this study was approved by the Boston University Institutional
Review Board (protocol number H-32308) and all participants gave written consent to
participate. Thirty-one right-handed adults (13 males), age 2029 years (mean age=22.97
years, SD= 2.34 years) were recruited for this study. Thirty of the students were first year
Boston University medical students and one participant was a first year Ph.D. student in
the Anatomy and Neurobiology program. All students were enrolled in the Medical Gross
Anatomy course at Boston University School of Medicine for the fall 2014 semester.
Participants were proficient in the English language and had not previously taken a
formal anatomy course. All participants were healthy and had either normal or corrected-
to-normal vision. None of the students had previously taken an anatomy course before.
Participants were paid to participate and participation did not impact course grades.
Recruitment methods consisted of two e-mails sent to all students enrolled in the Medical
Gross Anatomy course. The e-mails provided a brief outline of the study and criteria for
participation.

E-mails were sent one month and one week prior to the start of the baseline
experimental session. Each session was between two and three hours in duration and
occurred at the Spivak Center for Behavioral Neuroscience at Boston University School
of Medicine. The first session occurred within the two weeks prior to the start of the

Medical Gross Anatomy course. The second session took place within two weeks after
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the end of the course and the third session was completed six months following course
completion.

Data from five participants were excluded from all analyses due to participant
drop out. Additionally, six participants were excluded as they had scores less than 50%
on the post-test assessment and one was excluded due to incorrect completion of the
experimental task. Behavioral analyses included data from 19 participants (8 males), age
20-29 years (mean age=22.44 years, SD= 5.18 years). Mean percentage of correct can

define response for 73.9% for session two and 68.5% for session three.

| 16 week Gross Anatomy Course | |
Session 1 Session 2 Session 3
August December May
Prior to course start Following Course Follow-up
completion

Figure 1. Timeline of Experimental Sessions.
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Stimuli and Design

A total of 264 anatomical terms were presented over the course of the three
experimental sessions. A total of 132 relevant terms were selected from the learning
objectives of the Medical Gross Anatomy course. These terms were evenly distributed
over the three sections of the course: 44 from the Back and Limbs section (e.g.
brachioradialis) 44 from the Thorax, Abdomen and Pelvis section (e.g. haustra) and 44
from the Head and Neck section (e.g. buccinator). The remaining 44 obscure terms were
antiquated anatomical terms of Latin and Arabic roots that should not be familiar to
current medical students (e.g. alagmur, adnexus; taken from Fonahn, 1922). Each of the
three experimental sessions consisted of the same 132 relevant terms and 44 obscure
terms for a total of 176 stimuli. The 44 obscure terms were changed for each of the three

experimental sessions such that there was no overlap across sessions.
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176

Anatomical terms

randomly presented

132

Relevant terms
44 Back & Limbs
44 Thorax, Abdomen, Pelvis
44 Head & Neck
(same terms presented each

session)

44

Obscure terms

Taken from outdated
anatomical text
(different each session)

Student Responses

Can Define

Familiar

Don’t Know

Figure 2. Experimental Design.
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Experimental Procedure

During each session, participants were presented with all 176 terms in random
order by viewing them on a 12-inch Dell computer screen using E-prime software,
version 2.0 (Schneider, Eschman, Zuccolotto, 2002). Participants were told that they
would see a series of anatomical terms appear on the computer screen and were instructed
they would make one of three different decisions for each term. For each anatomical
term shown on the computer screen, they were asked if they “Can Define” the term (they
were able to define the structure, function or location of the term if asked), if they were
“Familiar” with the term (they recognized the term but could not defined the structure,
function or location of the term if asked), or “Did Not Know (Don’t Know)” the term.
Using a computer keyboard, participants were instructed to press the 1 key if they could
define the term, to press the 2 key if they were familiar with the term, and press the 3 key
if they didn’t know the term at all. All decisions to terms were self-paced. Participants
were informed that they would complete a post-test at the conclusion of the experiment.
This was done to help ensure that “Can Define” responses reflected the participants’
actual ability to recollect the anatomical terms. Each trial started with a 1500 millisecond
inter-stimulus interval (ISI) followed by the presentation of the anatomical term. After
the participant responded, the next 1500 millisecond ISI would occur, followed by the
next anatomical term.

A post-test was created based on recorded behavioral responses. Participants were
presented with the definitions of the words they marked as “Can Define” during the

experimental procedure and were asked to generate each of the appropriate terms on a
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excel spreadsheet. Definitions were derived from Stedman’s medical dictionary
(Stedmans, 2011) or Merriam-Webster’s medical dictionary (Merriam-Webster, 2006).
Post-tests were examined for accuracy and participants that did not complete or earned

less than 50% on the post-test were excluded from analyses.
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RESULTS

Memory Awareness Across Sessions

Proportions of each response type per participant were derived by dividing the total
number of a single Response Type (Can Define, Familiar, Don’t Know) by the total
number of responses to relevant items (176). These data were entered into a 3 (Session: 1,
2, 3) X 3 (Response Type: Can Define, Familiar, Don't Know) repeated measures
analysis of variance (ANOVA). A main effect of Response Type was observed,
F(2,36)=11.68, p <0.001, partial n*> = .394. Post-hoc t-tests using a Bonferoni corrected
alpha level were used as described below. A significant Session X Response Type
interaction was also observed, F(4)= 188.830, p<0.001, partial n* = .913. To further
explore this interaction, analyses of response type and session were performed. A one-
way repeated measures ANOVA of Can Define responses revealed a significant change
in responses across sessions, F(2, 36) = 139. 476, p < 0.001, partial n2 = .886. Post-hoc t-
tests revealed a significant increase in Can Define responses from session one prior to the
course to session two immediately after the course, #(18)=-19.700, p <.001. As
displayed in Figure 3, Can Define responses peaked at session two and showed a
significant decline in session three, six months after the course, #(18)=4.272, p <.001.
An additional one-way repeated measures ANOVA of Familiar responses across sessions
revealed significant differences across sessions, F(2, 36) = 24.740, p < 0.001, , partial n*
=.579. Post-hoc t-tests (using a Bonferoni corrected o - = .017) showed a significant
increase in Familiar responses from session one to two, #(18)=-3.370, p = .003 and

further increase from session two to session three, #(18)=-4.579, p <.001. A one-way
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repeated-measures ANOVA of Don’t Know responses across sessions revealed a
significant difference across sessions, F(2, 36) = 638.509, p < 0.001, partial n2 = .973.
Post-hoc t-tests showed a significant decrease in Don’t Know responses from session one
to two, #(18)=28.275, p <.001 and an increase from session two to session three, #(18)=-
2.744, p = .013. The interaction was further explored by examining within session
responses. A one-way repeated measures ANOVA of session one responses (Can Define,
Familiar, Don’t Know) showed a significant difference between responses, F(2, 36) =
245317, p <0.001, partial n° = .932. A one-way repeated measures ANOVA of session
two responses also revealed a significant difference between response types, F(2, 36) =
132.401, p < 0.001, partial n* = .880. A significant difference in response types was also

shown in session three, F(2, 36) = 22.491, p <0.001, partial n> = .555.
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Can Define and Familiar Responses Across Sessions- Relevant Items
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Figure 3. Proportion of Can Define and Familiar responses across three

experimental sessions.

24




Memory Awareness and Classroom Performance

A bivariate correlation analysis was used to explore the relationship between final grade
and response types. A significant correlation was observed between higher course grades
and increasing proportion of Can Define responses at session two, » = .486, p < 0.05 (see
Table 1). As shown in Figure 4, an even stronger correlation was shown between course
performance and Can Define and session three. There was no significant relationship

between session one Can Define responses and Final Grade.

Session | Response Type Proportion | Pearson Sig. (2-tailed)
Correlation
Can Define 120 626
1 Familiar .002 .994
Don’t Know -.047 .849
Can Define 486 .035
2 Familiar -471 .042
Don’t Know -.264 275
Can Define 555 014
3 Familiar =513 025
Don’t Know -.505 028

Table 1. Summary of correlation analyses between response types and final

grade.
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Can Define Responses vs. Final Grade
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DISCUSSION

The current study sheds light on the memorial mechanisms underlying the
retention of anatomical information in students immediately after they have taken a gross
anatomy course, and again following a six-month retention interval. This study used task
similar to traditional recognition memory paradigms employing the
Remember/Know/New subjective memorial experience decisions to examine the
memorial mechanisms used by students to retain information over time.

The goal of the current project was to attempt to apply cognitive theories of
learning and memory processes to an educational context. It is our hope that a better
understanding of the memorial mechanisms utilized by students in a classroom setting
will allow us to objectively examine the effectiveness of teaching and learning
techniques. In addition, an understanding of differences in memorial mechanisms in
relation to academic achievement may offer an opportunity to identify processes used by
high-achieving students. This will allow us to create targeted interventions to improve
learning and retention in struggling students.

In the context of the anatomy course, students undergo the processes of encoding,
consolidation, and retrieval using both episodic and semantic memory systems. The
course includes lecture instruction and dissection of human cadavers in the laboratory.
Information from the course may be linked to distinct episodes, particularly in the context
of a memorable laboratory experience, for example recalling the moment when you first
saw a human heart and identifying the various valves and structures that make up the

organ. Students may use episodic memory to bring to mind the image of the heart in their
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hand and the spatial location of each of the associated structures. In addition, students
may use the semantic memory system to activate schema, concepts and terms related to
circulation and blood flow.

Can Define responses in the current study reflected the student’s ability to recall
information whether from the distinct remembering of a particular learning episode or the
activation of semantic knowledge for that item. As predicted, the proportions of Can
Define responses significantly increased over the 16-week course with students reporting
they could define 69% of the relevant presented anatomical information at session two
immediately after course completion. This high rate of Can Define responses is in
keeping with theories that early learning is supported by the episodic memory system
with easily accessible memories of particular learning episodes filled with rich contextual
detail (Conway, 1997; Herbert and Bert, 2004). The proportion of Can Define responses
significantly dropped over the six-month retention period, with an average of about 52%
of relevant terms at session 3. In line with our findings, previous studies have proposed a
general trend in which learned information that is not practiced declines quickly over the
first 36-month retention interval (Conway, Cohen, & Stanhope, 1991 ). The rate of
decline and amount of information lost over time is found to be dependent on several
factors, including the length of the retention interval, the level of original learning,
instructional strategies used in the original learning, individual differences and conditions
of retrieval (Semb, 1994). Semb’s analysis of 11 studies that used a recognition retrieval
condition with a retention interval of 27-52 weeks, showed a mean retention of 84% of

learned information. This number drops substantially in analyses of three studies in the

29



same retention interval range that used a recall retrieval condition, with a mean retention
of only 55% of information. Custers and ten Cate (2011) reviewed studies of retention of
basic science information using both recognition and recall retrieval measures and found
66% retention over a one-year retention interval. Our results show a mean loss of 17% of
information in the Can Define category over the six-month retention interval. This is in
line with the 16% mean loss reported in Semb’s analysis.

In addition to successful recall of learned information using both the episodic and
semantic memory systems, dual process models have highlighted the process of
familiarity. The subjective experience of familiarity represents a weaker acontextual
memory that may help students with basic discrimination of learned vs. unlearned
information but does not support more detailed recollection of information as would be
needed for a physician in practice. Strengthening the memory traces of these familiar
items with teaching strategies such as retrieval, interleaved and spaced practice may help
to promote these items to be incorporated within a schema in semantic memory and
promote long-term retention of information. We are interested in responses that are
unable to be recollected with adequate detail and are marked as “Familiar” to students
both immediately after and six months after the course. Familiar responses significantly
increased 13% from immediately after the course to six-months later. According to
“schema plus episodic view” of knowledge development, Conway posits that students
rely on episodic recollection in early learning. Over time, however, these episodes fade,
either because they are incorporated with other learned information into schemas for later

access, lose detail, and elicit only a feeling of familiarity, or are completely forgotten.
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Our observed increase in Familiar responses reflects the loss of detail of some items over
time and the inability to activate schemas or recollect item specific information. Further
research into teaching and study techniques such as how to help students incorporate
these items in to existing schemas and prevent loss of detail over a retention interval will
be valuable for educational practice.

Don’t Know responses also showed a significant mean increase of 4% over the
six-month retention interval. Students on average reported to have completely forgotten
seven additional terms of the 132 relevant terms they had learned previously in the
anatomy course. This raises the issue of why these terms were completely forgotten and
what can be manipulated at the initial encoding session or in subsequent study sessions to
prevent forgetting and maximize the durability of learning. Teaching strategies such as
retrieval practice, with the incorporation of frequent testing as a learning tool, rather than
solely an assessment tool may offer a solution to minimize the effect of forgetting and
solidify new knowledge. According to Roediger and Karpicke the act of frequently
recalling newly learned information with practice tests triggers reconsolidation, interrupts
the process of forgetting, and allows for easier retrieval of knowledge overtime (Roediger
& Karpicke, 2006). To combat the loss of information we observed in our study over six
months, one could use distributed practice or spacing learning sessions over time—rather
than massed study or “cramming”—as these techniques have been shown to improve
long-term retention (Rohrer & Pashler, 2010; Dunlosky et al., 2013; Brown, Roediger &
McDaniel, 2014).

This study also examined individual differences in the memory awareness over
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time and the relationship with academic achievement in the anatomy course. The data
revealed a significant positive correlation between final course grade and number of Can
Define responses at session two, immediately after the course completion. As expected,
students who achieved higher grades reported higher levels of recollection as indexed by
their Can Define responses. This is in line with Conway’s study of psychology
undergraduates performing a similar task also reporting higher levels of recollection in
students in the upper quartiles of class performance (Conway, Gardiner, Perfect,
Anderson, & Cohen, 1997). The correlation between Can Define responses and final
grade was also present for session three and trended to be stronger, after the six-month
retention interval. It appears that overtime the individuals with higher final grades in the
course had more durable knowledge revealed through their significantly stronger
performance than low performing students after six-months. Presumably, the nature of
the encoding and consolidation processes used by the higher achieving individuals
resulted in more durable learning. This observed difference in performance between
higher and lower achieving individuals may be due to innate cognitive ability among
students including differences in working memory capacity, attention, or other executive
functions that could impact encoding and memory retrieval processes. Another possible
explanation for this difference is the study habits of the individual students. All students
attended the same lectures and had access to the same course materials, however, their
methods to use these materials to encode, organize and store this new knowledge is
unknown. Higher achieving students may have used strategies such as retrieval practice

and distribution of study sessions over time to increase knowledge durability. However,
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more direct investigation of the impact of student study habits on long-term recollection
is necessary to draw accurate conclusions.

One limitation to the current study, as in many similar designs using an
ecologically valid classroom environment, is the lack of completely controlled
circumstances. The study habits and learning experiences of individuals in this study may
have varied greatly due to lecture attendance and student approaches to the course. In
addition, it is assumed that students did not specifically review anatomy vocabulary
during the retention interval due to the structure of the medical school curriculum;
however, they may have come across terminology during clinical experiences. In
addition, we are interpreting these results in the context of a dual process model of
episodic memory. Our paradigm was adjusted from traditional laboratory investigations
using the remember/know procedure to be applicable in a classroom setting.

The current study has offered an initial investigation into how students in a gross
anatomy course retain course information over time. Understanding the subjective
memorial experiences that are involved with the learning and retention of this knowledge
provides an avenue for improving classroom instruction and could help students
maximize the retention of learned information. Additionally, these subjective experiences
may provide a clue to the underlying mechanisms related to the storage and retrieval of
this information over time. The data from this study revealed that Can Define responses
for course material were maximal when assessed immediately after course completion
and decreased over a six-month retention interval. Although, the amount of information

that students could define decreased over time, the number of items rated as Familiar
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increased over the retention interval. This pattern of responses over time is particularly
pertinent for educational practice as it suggests that although students may be unable to
confidently recollect all item information, there may still be at least some sense of
familiarity with the majority of learned items. Further investigation is needed into how
educational strategies that focus both on encoding and retrieval practices can be used to
specifically strengthen memories of familiar items and thus support improved
recollection over longer intervals with more items. In addition, we examined the
individual differences in memory processes based on course achievement as indexed by
final grade scores. The results revealed a significant correlation between the amount of
recollection immediately after the course and after the six-month retention interval.
Students with higher grades in the course had more durable knowledge with greater

ability to define items after six months.
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