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ABSTRACT

Aim: The standardized mode of delivering curriculum across the globe is didactic lectures.
Formative and summative assessment methods are routine practices used to assess the students
understanding and mastery in content and concepts which is delivered. The formative assessment
methods are extremely popular in medical educational training but the data supporting such
claims is largely lacking. The aim of this observational study was to determine if frequently
provided formative assessment methods like practice quizzes, take home assignments can have
any positive impact on student learning strategies and assessment outcomes in examination.
Material and Methods: A total of 145 students were included in this study. This study explored
the relationship between student performance in various low stakes formative quizzes and high
stakes summative examination. Based on the student performances across various formative
assessment methods, the students were encouraged to modify or retain the study strategies and
the effect of such recommendations were observed over the course of the semester.

Results: The data analysis showed positive relationship between the student performance on
formative assessments and summative assessment before and after the intervention to study
methods and strategies. Students in top, second, third and bottom quartile gained a cumulative
average of 72.4%, 61.0%, 56.6% and 48.3% in the formative assessment and an average of
89.3%, 79.8%, 75.0%, and 65.7% on their summative examination which were used as tools
for early intervention.

Conclusion: Following the early intervention and modifications in study strategies, there was
a steady increase in student performance on high stakes examination.

Keywords: Formative assessment; audio visual resources; early intervention; osteopathic
medical students; feedback loop; knowledge gap.
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Amag¢: Tim dinyada miifredatin standart olarak verilis sekli didaktik derslerdir.
Bicimlendirici ve belirleyici degerlendirme yontemleri, 6grencilerin verilen icerik ve
kavramlar1 anlama ve kullanma becerilerini degerlendirmek icin kullanilan rutin
uygulamalardir. Bigimlendirici degerlendirme yontemleri tip egitim dgretiminde son derece
popiilerdir, ancak bu iddialar1 destekleyen veriler agisindan biiyiik olgiide eksiklik sz
konusudur. Bu gozlemsel ¢alismanin amaci, uygulama smavlari, ev 6devleri gibi siklikla
kullanilan bi¢imlendirici degerlendirme yontemlerinin, 6grencilerin dgrenme stratejileri ve
smavdaki degerlendirme sonuglari tizerinde olumlu bir etkisi olup olmadigin1 belirlemektir.
Gere¢ ve Yontemler: Bu ¢alismaya toplam 145 6grenci dahil edildi. Bu ¢aligmada, cesitli
diisiik riskli bigimlendirici smavlar ve yiiksek riskli belirleyici smavlardaki 6grenci
performans: arasindaki iligki arastirildi. Cesitli bigimlendirici degerlendirme yontemlerinde
ogrenci performanslarina dayali olarak, 6grenciler ¢alisma stratejilerini degistirmeye veya
korumaya tesvik edildi ve bu onerilerin etkisi donem boyunca gozlemlendi.

Bulgular: Veri analizi sonucunda, ¢alisma y6ntem ve stratejilerine miidahaleden 6nce ve sonra
ogrencilerin bigimlendirici degerlendirme ve belirleyici degerlendirme performansi arasinda
pozitif bir iliski oldugu gosterilmistir. Ust, ikinci, {igiincii ve alt ceyrekte yer alan 6grenciler,
erken miidahale igin bir ara¢ olarak kullanilan bigimlendirici degerlendirmede kiimiilatif
ortalama %72,4; %61,0; %56,6 ve %48,3 alirken belirleyici sinavlarinda ise ortalama %89,3;
%79,8; %75,0 ve %65,7 puan almislardir.

Sonug¢: Calisma stratejilerindeki erken miidahale ve degisiklikler sonrasinda, yiiksek riskli
sinavlarda dgrenci performansinda siirekli bir artis olmustur.

Anahtar kelimeler: Bigimlendirici degerlendirme; gorsel-isitsel kaynaklar; erken miidahale;
osteopatik tip 6grencileri; geribildirim dongiisii; bilgi boslugu.
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INTRODUCTION

Medical education has become an assessment-driven
system all over the globe. The pressure on the assessment
methods and its success has been the focus as sound
assessment of medical education serves the public interest.
It is not a sudden change to assessment-based intrinsic
motivation to study student learning but it has been a
gradual transition, and it has come to the forefront as
educational institutions strive to improve the effectiveness
of student learning specially when the learning group is
large with limited faculty (1-3). Stimulating student
intrinsic motivation to study, could be an effective way to
do so (3,4).

Medical students typically have different educational
backgrounds and are the product of diverse systems, and
have different aspirations, standards, learning methods,
adaptive skills and mechanisms to cope with stress and
rigors of the program (5). These influences, along with
student motivation during their time at medical school,
have an important role in their learning and drive to
perform on high stake’s assessment. In the academic world
it is generally accepted that early intervention is important
to improve the student success and helps the school and
program retain students who are at risk of dropping from
courses or programs altogether (6). The importance of
early intervention by different forms of assessment has
been obvious for a longtime, but has been under
appreciated as a beneficial strategy. It has been stated by
scholars “the quickest way to change student learning is to
change the assessment system” (7). It is also known that
the assessment is the single most powerful influence on
learning. This holds true for any professional courses,
including the medical field.

In academics the assessment can be broadly classified into
four types: formative, summative, diagnostic, and
benchmark/interim assessment (8). The basic sciences
courses use formative and summative assessments to
monitor the student’s growth towards goals. They evaluate
the quality of their work by using formative assessment
and compare the student performance against a set of
uniform standards by using summative assessment.
Formative learning assessment is used to give feedback on
their performance and to plan and identify strategies to
improve. Typically, the formative learning assessment is
carried out concurrently with instructions. Its main
purpose is to modify teaching and learning to improve
student’s learning outcome. Formative assessment is
conducted throughout the course or learning module. It is
not used for decision making on students’ academic
progress. On the other hand, summative assessment is used
to evaluate the effectiveness of educational environment
and to sum up learning. Following a formative learning
assessment method, a formative feedback is provided to a
learner in a non-threatening and friendly environment
which can be used by the student to make changes or
modify the learning methods or resources throughout the
learning process (9). The educators who have high
standards of expectation of their learner group,
intentionally invest a large amount of time and efforts in
providing a formative feedback to their learner group
which is effectively used by students in first or second
quartile to optimize their learning (10). In general, if taken
together, formative learning tools can be utilized by the

Formative Assessment and Osteopathic Medical Students

faculty and learner to facilitate informed student action to
improve student outcome.

Summative learning assessment is used to make decisions
about the academic performance and progress of student in
the professional program including pass/fail decisions or
eligibility for licensure examinations. It determines
whether the goals of education are being fulfilled. It is
typically formal in nature and conducted at the end of the
course or learning module or annually at the same time
each school year.

Various researchers like Spolsky et al. (11) have suggested
how the formative assessment can be used to provide
essential feedback for teachers to assess the subsequent
learning activities and experiences in their classroom (5).
These activities can also aid to identify and remediate the
deficiencies and difficulties in student learning and the
knowledge gap. Cauley et al. (12) believed frequent
formative assessment involving important concepts and
information allows the students to have a better
understanding and retention of learning material.

The primary focus of this study was about the effectiveness
of formative assessment by the professors in classrooms
on the summative high stake’s assessment of students in
basic science course at an osteopathic medical school (13).
The various tools used in formative assessment are low
stakes quizzes, team based learning or integrated case-
based learning, clinical vignettes during the lecture with
quick time or real time audience response system or
student self-assessments by take home quizzes (14,15).

MATERIAL AND METHODS

This study was performed at a University which campuses
osteopathic medical school, optometry college, nursing,
and undergraduate college in Commonwealth of
Kentucky. The university has adopted a discipline based,
contextualized and competency driven curriculum which
is delivered to osteopathic medical students over a period
of 4 years. The medical knowledge to students in basic
sciences subjects and clinical sciences subjects are mostly
delivered by didactic lecture, but they are interspersed with
active learning sessions like case discussions, modified
TBL or flipped classroom. The biochemistry and genetics
course is delivered in the first semester of the medical
school. Every year between July and December, around
145 first year students complete their first semester at the
university while gaining medical knowledge in various
courses like biochemistry and genetics, gross anatomy and
embryology, cell biology, osteopathic patient care, current
issues in medicine and osteopathic manipulative medicine.
The curriculum is structured as a traditional discipline
based by using didactic lectures which are delivered over
four blocks for dissemination of medical knowledge in all
the courses. Some subjects also utilize active learning
methods such as flipped classroom, team-based learning,
and case discussions. Various forms of formative and
summative assessments are practiced throughout the
duration of each block, the types of formative assessment
used for assessing medical knowledge are, quizzes using
multiple choice questions, clinical vignettes using
audience response system, case discussions, take-home
quizzes (MCQ), and written assignments. Every student in
the cohort had to go through same mechanism of

83



Joshi et al.

assessment. For this study, there was a very important
formative quiz a week before the high stake’s summative
examination. The rationale behind having a formative quiz
a week before the summative block exam was to determine
students understanding of concepts and assess student’s
medical knowledge for the content delivered over the
block and their readiness for the high stakes block
examination (5,16,17) and for faculty or course director to
intervene and work with students who may be at risk of
gaining unsatisfactory grades. This was intended to help
identify and triage students at risk and council them about
modifications and methods to improve student
understanding and learning of the content delivered to
improve performance on high stakes summative
assessment.

Each block is delivered over a period of 4-5 weeks and
there is a summative examination at the end of each block
which tests all the concepts learned in various subjects.
The grades achieved by students in each block is utilized
to assess student’s level of medical knowledge for the
block and the entire course overall. Each summative
examination is a high stakes assessment delivered using
multiple choice questions and is an important milestone in
students’ progress through each semester and medical
school.

This study tried to explore a relationship between student
performance in various low stakes quizzes and high stakes
examination. The students were grouped into four groups
based on their performance in various formative and
summative assessment and the final grade average in the
fall semester. The students were classified into top quartile
who had an average between 91-100%, while 81-90% as
2nd quartile, 76-80% as 3rd quartile, and 70-75% as the
bottom quartile.

The study was approved by the Institutional Review Board
of University of Pikeville (06.03.2019, 19/0005).
Statistical Analysis

The statistical software SPSS v.27 was used to analyze the
data from the study. The data is represented as mean
percentage for the learner group, which was divided into
four quartiles including the mean percentage for the
assessment method and individual quartile group. The
grade point average between the formative assessment and
summative assessment were analyzed by using Pearson
correlation.

RESULTS

This study was performed to test whether using a formative
mode of assessment methods during the course of content
and knowledge delivery would help faculty to identify the
learners who may be at risk based on their study methods,
understanding of concepts and medical knowledge or any
such factors which may have an impact on their
performance in high stakes examination. This study
included all the 145 students enrolled in 1st year, which
comprised of 51.7% (n=75) female and 48.3% (n=70) male
students, who had finished the fall semester and were part
of the cohort of the students who were included in this
study and their data and grades analyzed. They all also had
an average learning experience of minimum of 5 months
and some had around 10-14 months. The general
characteristics of the study group were matched by age and
learning experience.

Formative Assessment and Osteopathic Medical Students

All the students have had similar academic experience
during the semester with various formative and summative
assessment methods. Every student has had four blocks
over the course of the semester and there was at least one
formative assessment which was mandatory for them to
have attempted. The learner group was divided into four
group and their grades in formative assessments and
summative assessments were correlated to gain statistical
information regarding the effect of intervention by the
course faculty. As it is evident in the table below, students
were first identified as at risk based on their cumulative
performance on various formative assessment which was
provided to learner group through the course of entire
block using quizzes, ARS, clinical vignettes, before the
summative examination. Based on analysis, the students
grouped in the bottom quartile had strong correlation
between their formative assessment results and summative
assessment grades. The students in the bottom quartile
gained an average of 48.3% on the formative assessment
and 65.7% on the summative assessment. Similarly,
students in top, second and third quartile gained an average
of 72.4%, 61.0% and 56.6% in the formative assessment
and gained an average of 89.3%, 79.8% and 75.0% on their
summative high stake’s examination. Following this, the
students were identified who may be at risk and were
advised about modification to study methods and
resources being used or new strategy for conceptual
understanding and knowledge retention. Following
intervention and student advisement there was sustained
and gradual improvement in students’ performance over
the following next formative assessments and high stakes
summative assessments in biochemistry and genetics
course.

The average student grades in formative assessments for
students in bottom quartile were 67.1%, 71.7% and 78.0%
and the respective grades in high stakes summative
assessments were 74.9%, 77.9% and 79.9%. This proves
that identifying students who may be at risk to gain
unsatisfactory results may be assisted by early
intervention. Comparatively the students in third quartile
scored 74.7%, 80.0% and 82.9% on formative assessments
and 80.7%, 82.5% and 85.0% on their summative
assessment (Table 1).

The relative correlation coefficient for each subsection
were also determined using Pearson correlation
coefficient, between each formative block quizzes and
summative high stakes examination were between
moderate to strong correlation. The various r and p values
were; r=0.354; p=0.073 for block I, r=0.549; p=0.048 for
block 11, r=0.742; p=0.038 for block Ill, and r=0.510;
p=0.023 for block 1V. The students in top and second
quartile had similar improvements in their performance
after early intervention by faculty or self, which was
followed by modifications and better understanding of
medical concepts and improved retention of knowledge.

DISCUSSION

Any university which has an excellent and successful
medical curriculum should depend on a satisfactory and
encouraging learning environment which includes
teaching methodology and feedback system and a valid
and acceptable assessment method. The various methods
of formative assessment in a curriculum can be used as an
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Table 1. Mean percentages for student groups

Formative Assessment and Osteopathic Medical Students

Top Quartile Second Quartile Third Quartile Bottom Quartile Course Mean

r and p values

Block 1 Formative 724 61.0
Block 1 Summative 89.3 79.8
Block 2 Formative 82.9 78.0
Block 2 Summative 90.9 87.7
Block 3 Formative 90.0 84.3
Block 3 Summative 91.1 86.6
Block 4 Formative 88.2 85.4
Block 4 Summative 94.0 88.3

56.6 48.3 60.2 r=0.354
75.0 65.7 774 p=0.073
74.7 67.1 75.7 1=0.549
80.7 74.9 835 p=0.048
80.0 717 81.4 r=0.742
82.5 77.9 84.5 p=0.038
82.9 78.0 83.6 r=0.510
85.0 79.9 86.8 p=0.023

This table represents the mean percentages for the different block examinations, average percentages in each quartile group and the correlation between
formative assessments and summative assessment percentages for each block for all the students enrolled in the course

effective tool to improve the student’s learning outcome
and satisfaction. It can also be used as an effective tool to
identify at risk students and promote interventions and to
aid students to improve their performance on various high
stakes examinations.

According to many educators, providing specific feedback
and early intervention is the single most important step an
educator can do to help students or learner group. When
we explain the importance of formative assessments in
learning, feedback loop is often explained with it. It can
also help most of the students to introspect about their
study habits and methods and encourage them to modify
them if they feel the result to be unsatisfactory. Based on
the above discussion it was evident that students,
following their formative assessment, can go back to the
drawing board and start modifying the methods to learn the
content, ways to improve retention of medical knowledge
or identify innovative modes of learning. Over time the
students learn to self-assess and both seek and use
feedback to focus on improving all areas of their work.
Based on the data analysis for this study, as well it can be
construed, this study too like many other studies, prove the
importance of early intervention by using formative
assessment tools (18-20). As explained before, the results
for students who were at risk were offered feedback and
enhanced assistance by various departments in terms of
both tutoring, immediate feedback and resources which
translated with gradual improvement in the student’s
academic performance. The results in this study were
similar to those observed by Mitra et al. (18), which
showed positive and significant improvement in
summative scores on high stake examination following
early and frequent formative testing. This was proved
statistically by significant and positive correlation between
the grades in formative and summative assessment.

It should be remembered that apart from measurable
improvement in student performance, the formative
assessment can also provide significant information about
the existing learning gap which may not be measured by
low or high stakes examination but may be essential for
sustained improvement of student’s knowledge. It is very
important to close the gap between what students currently
know and what they are expected to know by the end of
the course or curriculum. This observation is similar to that
published by Rushton (19), where they used formative
assessment for providing constructive feedback and help

student in deep learning of the concept and knowledge
required. Thus, as noted by various authors, the use of
formative assessment in assessing the student’s learning or
knowledge gap could be extremely impactful in making
early intervention and providing feedback and modifying
the learning environment to improve student
performance(12,21,22).

CONCLUSION

Our data suggests that using formative assessment tools
frequently, and providing directed feedback using results
of the formative assessment as an early intervention
strategy resulted in significant student performance
improvements on summative examinations. In general,
based on informal feedback, the students prefer increased
use of formative assessment in terms of take home quizzes,
pop quizzes, case discussions during lectures or team
based/problem based sessions, assuming that the
discussion with the learner group was relatively
immediate. However, although almost all students were in
favor of using this method for bridging the learning gap, a
subset of students expressed reservations about the
spontaneity of timing for such activities as it may distract
from focus on other courses, or set the stage for self-doubt
as the formative assessment is not a reflection of their
knowledge gained for subsequent study. Though it should
be stressed that formative assessments remain an
important tool for the students to minimize their
knowledge gap and encourages the development of critical
thinking skills.
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