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New and Noteworthy

Although several studies have investigated the relative effectiveness of regular summative
versus formative assessments as tools to facilitate student learning and understanding, ours is
the first to explicitly solicit students' views on, and preferences for, either regular formative
or summative assessment in pre-clinical medicine. We demonstrate that, overall, students
preferred formative- to summative-type assessments, due to the immediacy of feedback, but

also that summative tests incentivized them to study and keep up with material more.
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Abstract

An investigation of pre-clinical medical students’ preference for summative or
formative assessment for physiology learning.

Both summative and formative assessments are known to facilitate student learning and
understanding and helps them to identify areas of weakness. However, few studies have
investigated students’ preference for either summative or formative evaluations, particularly in
the area of pre-clinical medicine. The current study addresses this deficit by surveying 137 first
year graduate entry to medicine (GEM) pre-clinical medical students from two consecutive
years (2018-19 & 2019-20), for their thoughts on the six summative (i.e. for a small percentage
of marks), proctored, and the fiver informal, formative (i.e. no marks available) continuous

assessments in physiology that they encountered in semesters 1 and 2, respectively.

Our survey revealed that between 75-90% of students felt that both evaluation formats were
roughly equally useful (i.e. selecting options, ‘Agree’ or ‘Strongly Agree’) both for providing
feedback about their understanding of physiology, and for identifying deficits in their
physiology knowledge. However, although a significantly larger number of students felt that
summative evaluations motivated them to study more than the formative evaluations
(p=0.006), overall, more students favored formative over summative assessments. Notably
however, GEM students from non-biomedical backgrounds were significantly more in favor of
summative assessments than those from either biomedical backgrounds (p=0.003) or the whole

GEM survey cohort (p=0.01).

The implications of these findings will be discussed, with suggestions as to how the student
views outlined here might be facilitated within an academic program to maximise both student

learning as well as their motivation to study and keep up with taught material.
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Introduction

It has been documented previously that pre-clinical medical students generally find physiology
to be the most challenging of the pre-clinical life sciences to learn (1). This is probably due in
large part to the fact that physiology does not lend itself easily to simple rote memorization,
and instead relies more on the understanding and application of physiological principles to
problem-solving. As such, numerous strategies have been employed by educators to assist
students with their understanding, acquisition and correct application of physiological
concepts. However, the most commonly utilized strategy is to provide students with regular
evaluations of their knowledge, usually in the form of either summative or formative
assessments (2). Although precise definitions for the terms ‘summative’ and ‘formative’ vary
depending on the context in which they are deployed (2, 3), with regard to the present study,
summative assessments are defined as tests (taken individually, with no discussion of
questions/answers with peers or educators), that take place in a proctored environment at the
end of set periods/topics of teaching, for a certain percentage of module marks. Feedback for
these types of tests, if provided at all, can often be generic and delivered days or weeks after
the tests have taken place.

In contrast, formative assessments herein are defined as informal, no stakes, tests of knowledge
that are primarily utilized to provide both students and educators with a means of gauging
students’ understanding of taught material, in which feedback (on an individual’s or class’s
performance) is provided immediately or soon after a test has been taken (2).

Numerous studies have shown that regular assessments are beneficial to student learning and

motivation (4-11) probably due, at least in part, to the testing effect (12).

In relation to the current study, several studies have inferred from survey data that students
prefer formative to summative assessments (4, 13), with recognition of a clear correlation

between formative assessments and student motivation and achievement (6, 14-16). However,
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to the best of our knowledge, no previous investigations have either explicitly determined
students’ preference for formative or summative assessment, or determined the effect of
utilising regular, or semi-regular, cumulative summative assessments on students’ perceptions
of preparedness for terminal high stakes end of semester examinations. Specifically within the
context of pre-clinical medicine, which is the focus of the current study, this is somewhat
surprising given that not only can student learning strategies and exam performance be affected
by their assessment preference type (17-22), albeit that this is a relatively weak correlation (21)
but also because medical education is centered upon regular student assessment (23, 24). As
such, although students’ assessment preferences should not be the sole, or even the main,
guiding principle for faculty when making decisions about assessment structure for particular
material/circumstances, due to the fact that a student’s preferred choice may not necessarily be
what best facilitates their learning and understanding, it is reasonable to propose that student
perceptions should at least be considered in order to maximally facilitate student understanding
and accurately reflect student learning/knowledge. Assessments should also provide
motivation for students to study and keep up with taught material. This particularly applies to
pre-clinical medical students, where factual understanding/knowledge is prioritized, as
opposed to later clinical stages, where greater emphasis is placed on critical thinking skills (25,

26).

We have been aware for several years that the vast majority of graduate entry to medicine
(GEM) students at UCC very much enjoyed the regular physiology assessments that are
provided in their first year (27, 28). However, it was unclear if they had a particular preference
for one type of regular assessment format over the other: summative, with limited, delayed
feedback, or formative, with immediate feedback. Although we hypothesized that students
would prefer the latter, the aim of our study was to determine if such a preference existed and,

if so, if it was context-specific.
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Methods

The current study was undertaken at University College Cork (UCC), Ireland, with data
collected from two separate surveys conducted over the course of two academic years (2018-
19 & 2019-20), with input from two separate first year GEM cohorts, which includes students
of different ages (21-40), sex (male and female), country of origin (EU and non-EU) and degree
backgrounds (subdivided here for simplicity into biomedical and non-biomedical). Ethical
approval was obtained for each survey, separately, from University College Cork Social
Research Ethics Committee (approvals 2018-130 & 2019-187). Students entering the GEM
program at UCC must possess at least one undergraduate degree (from any discipline), at a
minimum grade of a second class honors, grade one, or a 3.3 grade point average. All first year

GEM students in both years that the survey was run were eligible to take part in the study.

Each survey was undertaken by GEM students following the first two modules of the pre-
clinical GEM program, GM1001 (Fundamentals of Medicine I; 13 teaching weeks) and
GM1002 (Fundamentals of Medicine II; 11 teaching weeks). The physiology curriculum taught
within these modules consists of 13 lectures and 10 laboratory practical hours in GM1001 and
20 lectures and 14 laboratory practical hours in GM1002, with teaching divided roughly
equally across both modules in 2018-19 and 2019-20, between two of the authors, MGR and
MHA. Furthermore, the same lectures and continuous assessments (CAs) were delivered and

conducted by the same two educators (MGR and MHA) across both years of the study.

Regular CAs consisting of up to 20 questions in a ‘single best item’ (SBI) format, where a
question stem is answered by selecting one of up to five possible answers, were run throughout
both GM1001 (summative) and GM1002 (formative), with six in GM1001 and five in
GM1002. The SBI format was utilized not only because it is the same format as in their formal

end of module and year exams and also because many studies have shown that this is amongst
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the most popular formats of assessment both with pre-clinical (10, 25) and students in general
(17, 29, 30) as students perceive them to be easier to study for, easier to take and will result in
higher scores than more complex assessment types such as essay-type or constructed response-

types of questions (10, 29).

Both summative and formative CAs were taken by the students in both year groups, on average,
one to two weeks after in-person, didactic lectures on the relevant material had been delivered
to the class. These lecture sessions were supplemented by supporting material posted on UCC’s
learning management system, Canvas, that included the lecture slides (PowerPoint and PDF +
slide note versions), pre-records of the lectures, supplementary videos on lecture material and

learning objectives to guide student review of the material.

The SBI questions used in the CAs for both GM1001 and GM1002 were a mixture of pure
recall, comprehension- and application-type questions in line with Bloom’s taxonomy (31) and
consistent with the format and difficulty of questions used in their formal end of module, and
year, examinations. However, the mode of delivery of the CAs differed between the two
modules. Specifically, in GM1001 the 20-question CAs (accessed via a secure browser and
restricted to members of the GEM 1 classes only, secured by logging in to a lab computer with
their unique student identification number), for which 30 minutes were provided to complete
each test, were conducted on individual computers by each student in the same proctored
setting on each occasion. Upon submission of each CA, automated feedback provided students
only with their score and which questions they answered correctly. Specific feedback on each
question was provided by the lecturer in scheduled tutorials 1-3 weeks after each CA.
Importantly, in the context of the current study, these evaluations were summative, in that the
CAs constituted 1% of the students’ end of module Physiology exam grade (i.e. each CA was

worth 0.2%). All students took all of the GM1001 CAs.
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In GM1002, CAs were conducted in the same teaching laboratory as the GM1001 CAs, were
again restricted only to members of the GEM 1 classes, and accessed by logging in to a lab
computer. However, the formative CAs were administered by means of the free, cloud-based
student response system (SRS), Socrative® (28, 32-37). The primary advantages of using this
type of SRS, aside from its ease of use and popularity with students (28), are that all students
can anonymously answer each question at the same time, and that it also provides both students
and faculty with immediate feedback on how the class has answered each question. For each
of the five CAs in GM1002, students were again provided with 90 seconds to answer each
question (as in the GM1001 CAs), but the time was either occasionally shortened, if all of the
logged students had answered the question (Socrative provides a live display both of how many
participants have logged into the quiz and also how many have answered the question being
displayed) or, rarely, increased up to a maximum of 120 seconds if more than 10% of the class
had still not provided an answer after 90 seconds. Although students were permitted to discuss
questions with their peers (to encourage peer-assisted learning (38, 39)), and could log their
answers either as individuals or as a group, only 32.6% of students participated in the formative
CAs as part of group of two or more (data not shown), which, we believe, allows reasonable
comparisons to be made between the two types of assessments. In contrast to the CAs
conducted in GM1001, the GM1002 CAs were purely formative (i.e. test scores made no

contribution to students’ final physiology grade).

Due to the requirement to explain answers to the formative GM 1002 CA questions, it generally
took longer to cover each question than for the GM1001 computer-based assessments. As such,
in the one-hour time slots provided for each CA in GM1002, a maximum of 15 questions

(minimum 12 questions) were covered.

Data Collection and Analysis
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The entire first year GEM class, consisting of 81 students in 2018-19 and 84 students in 2019-
20, was provided with access to an itemised survey posted on Google docs after the final
teaching session of the GM1002 module in March 2019 and March 2020, respectively, with
the same survey used to assess both summative and formative assessments. All GEM students
were encouraged to complete the survey, but participation was voluntary, with students assured
that they could respond as freely as they wished as all data were completely anonymous. The
survey remained available to the students for two months before the data were downloaded for
analysis. The survey instrument consisted of a total of 42 items which, in addition to collecting
demographic data (four items), sought information both on students’ perceptions of the
GM1001 (summative, with up to 1% of marks going towards their end of module Physiology
exam grade) versus GM1002 (formative) CAs (15 items), as well as their views on the ethics
of cheating on the summative assessments (19 items). Data from the second element on
students’ views on the ethics of cheating in small/no stakes CAs has not been included in the
current manuscript. The 15 survey items pertaining to the physiology CAs focussed on
determining if students felt that they were useful for their learning and understanding of
physiology and, if so, if their opinion differed for summative vs formative. The survey was
checked for clarity by a colleague and was tested by two graduate students, with no problems

indicated.

For statistical comparisons, all data from Likert scale responses were converted to ordinal data,
with “strongly agree” = 5, “agree” = 4, “neither agree nor disagree” = 3, “disagree” = 2,
“strongly disagree” = 1. We also gathered demographic data such as student sex, age, and
educational background (i.e. biomedical vs non-biomedical). All survey data from respondents
were downloaded into Microsoft Excel for statistical analyses. Unless specifically stated
otherwise, all statistical comparisons between groups for summative vs formative CAs were

conducted using Student’s unpaired t-test (assuming equal variance). Analysis of Likert data



for each survey item was conducted using the y? -test to determine significant deviations from
chance, with the numbers of students who selected options “Agree” and “Strongly agree” being

pooled and analysed against pooled options “Disagree” and “Strongly Disagree”.

Data in the text are presented as mean (standard deviation), with values of p < 0.05 being

considered statistically significant for both t- and y? - tests.

10
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Results

Student demographics

For the current study, 67/81 (82.7%) and 68/84 (80.9%) students from each first-year class
completed, or partially completed, the survey in 2019 and 2020, respectively, with
demographics broadly similar across both years. For example, in 2018-19, 34 respondents
(50.7%) were female, with 33 (49.3%) male, and in 2019-20, 37 respondents (54.4%) were
female and 31 (45.6%) male. Thirty two (47.8%) and 34 respondents (50%) indicated that their
region of origin was Europe (EU) in 2018-19 and 2019-20, respectively, while 34 (50.7%) and
33 (48.5%) were from non-European (non-EU) countries, respectively (one
unanswered)(Figure 1A). Furthermore, there were significantly greater numbers of students
who regarded their prior degree backgrounds as biomedical rather than non-biomedical, with
an overall distribution of 70.4% biomedical vs 29.6% non-biomedical (Figure 1A). The

majority of students fell within the 22-25 age band (68.7%) (Figure 1B).

Students’ attendance of GM1001 summative and GM1002 formative CAs

All students attended all five summative GM1001 physiology CAs as attendance was
compulsory for both survey years (students who missed CAs for specific, verifiable reasons,
were allowed to take them upon their return to campus). Although attendance at the five
formative GM1002 CAs was not similarly compulsory, our survey indicates that the vast
majority of students attended most of them (4.7 (0.6) CAs, n=132). Interestingly, biomedical
background students attended significantly more CAs than students with a non-biomedical
background, although attendance was still high for both cohorts (4.8 (0.5) n=93 vs 4.6 (0.7),

n=42; p=0.02; data not shown).

11
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Students’ attitude towards summative GM1001 and formative GM1002 CAs
We asked students to respond to seven separate statements that sought to gauge their perception
of both summative and formative CAs for their understanding of physiology, with the

responses shown in figures 2-4.

Statement 1. “I used the CAs to provide me with feedback about my understanding of
physiological concepts/areas”.

For the comparison of summative vs formative CAs, 89.4% (x*>= 149, p<0.0001; 4.2 (0.9),
n=132) vs 90.1% (2= 106, p<0.0001; 4.4 (0.8), n=131), respectively, of students agreed (A)
or strongly agreed (SA) with the statement (Figures 2A&B). Similar overall values in response
to the same statement were also obtained when students were subdivided into biomedical vs
non-biomedical background, i.e. summative CAs - biomedical, 85.6% (3> = 58.3, p<0.0001
(4.2 (0.11), n=93; non-biomedical, 90.5% (x*>= 17.2, p<0.0001; 4.3 (0.1), n=42): formative
CAs — biomedical, 90.2% (y>= 77.2, p<0.0001; 4.4 (0.8), n=94); non-biomedical, 92.7% (x*>=
32.4, p<0.0001; 4.3 (0.8), n=41) (data not shown). No significant differences were recorded

between cohorts.

Statement 2. “The CAs were a valuable learning exercise”.

For the summative CAs, 74.3% (x> = 88.0, p<0.0001; 4.1 (0.9), n=132) of students agreed or
strongly agreed with statement 2, in comparison to 78.6% (x> = 74.2, p<0.0001; 4.1 (1.0),
n=131) for the formative CAs (Figures 2A&B).

Similarly, responses of biomedical and non-biomedical background students did not
significantly differ from each other with regard to the summative vs formative CAs, i.e.,

summative CAs - biomedical, 73.1% SA or A (x> = 40.0, p<0.0001; 4.0 (1.1), n=93); non-

12
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biomedical, 78.6% SA or A (y*> = 11.4, p<0.0001; 4.1 (0.9), n=42): formative CAs —
biomedical, 77.4% SA or A (3*=51.2, p<0.0001; 4.1 (1.0), n=93), non-biomedical, 82.9% SA
or A (x*=26.0, p<0.0001; 4.1 (0.9), n=41)(data not shown). No significant differences were

recorded between cohorts.

Statement 3. “The CAs motivated me to study and to keep up with the taught material”,
In contrast to the previous two questions, responses to statement 3 differed markedly with
respect to sentiment towards the summative versus formative CAs. For example, for students
overall, for the summative CAs 76.5% A or SA (3> = 88.0, p<0.0001; 4.1 (1.1), n=132),
compared to only 59.7% A or SA (x*= 37.7, p<0.0001; 3.7 (1.2), n=130) for the formative
CAs (p=0.006, unpaired t-test)(Figures 2A, B & C). However, when we sub-divided responses
into those from biomedical vs non-biomedical students, the picture was less clear. For example,
although both groups were strongly in agreement that the summative CAs motivated them to
study and keep up with material, the non-biomedical background students felt this motivation
more (i.e. non-biomedical - 83.3 % SA or A (2= 13.0, p<0.0001; 4.3 (0.9), n=42; biomedical
- 73.1% (%% = 36.0, p<0.0001; 4.0 (1.2), n=93), although this difference was not statistically
significant (p=0.06, unpaired t-test)(Figures 2 A, B & C). However, our results show that both
biomedical and non-biomedical background students found the formative CAs less motivating
than the summative CAs (i.e. biomedical — 64.5 % SA or A (y*>= 28.1, p<0.0001; 3.8 (1.1),
n=93); non-biomedical 65% SA or A (x*>= 21.8, p<0.0001; 3.6 (1.2), n=40). Indeed, for the
non-biomedical background students, this decrease in positive sentiment towards statement 3
for the formative, relative to the summative, CAs was statistically significant (non-biomed
GM1001 (4.3 (0.9), n=42 vs non-biomed GM1002 (3.6 (1.2), n=40; p=0.002, unpaired t-

test)(Figures 2C).

13
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Statement 4. “The CAs helped me to identify deficits in my knowledge of specific areas of
physiology”

Again, overall, there was very positive sentiment towards statement 4 for both summative
(77.3% SA or A (x*>= 96.4, p<0.0001; 4.0 (1.0), n=132) and formative (83.7% SA or A (x*>=
95.9, p<0.0001; 4.2 (0.8), n=131) CAs, the formative CAs were significantly more favored in
this regard than the summative CAs (p=0.04, unpaired t-test) (Figures 3A, B&C).

Similarly, the sentiment of biomedical and non-biomedical background students towards the
same statement for both summative and formative CAs was equally positive, with both student
cohorts also preferring the formative to the summative CAs, significantly so for the biomedical
background students, in this particular context (biomedical - summative 73.9% SA or A (=
40.0, p<0.0001; 4.0 (1.1), n=93) vs formative 83.7% SA or A (x*= 95.9, p<0.0001; 4.3 (0.9),
n=93) (p=0.03, unpaired t-test); non-biomedical — summative 79.1% SA or A (x> = 8.0,
p<0.0001; 4.2 (0.9), n=42) vs formative 87.8% SA or A (y>=27.9, p<0.0001: 4.1 (0.8), n=41)

(n.s. unpaired t-test)(Figures 3A, B&C).

Statement 5. “The results from the CAs helped to direct my study before end of module or
end of year exams”

In contrast to the responses to the preceding statements, there was a significant decrease in
positive sentiment from the students overall to statement 5, for both the summative and
formative CAs. Furthermore, we also discovered that, in this particular context, the summative
CAs were significantly less popular than the formative CAs. Specifically, for the summative
CAs, only 55.0% (3*=29.0, p<0.0001; 3.5 (1.2), n=132) of students, agreed or strongly agreed
with statement 5 compared to 64.6% (x> = 54.6, p<0.0001; 3.8 (1.1), n=131) for the formative
CAs (p=0.02; unpaired t-test)(Figures 3A, B&D), which mirrors in sentiment the responses to

statement 4 about the CAs helping to identify gaps in knowledge.

14
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When we subdivided the students into biomedical or non-biomedical backgrounds, it was
notable that the biomedical background students were markedly less enthusiastic than the non-
biomedical students about either summative or formative CAs in their ability to direct their
study for exams. For example, with regard to the summative CAs alone, 76.3% of non-
biomedical students agreed or strongly agreed (y>= 9.5, p<0.0001; 3.8 (1.1), n=38) with the
statement, whereas only 47.3% of the biomedical students did so (x*>= 5.8, p=0.04; 3.3 (1.2),
n=91) (p=0.01, unpaired t-test). Similarly for the formative CAs, 75.6% (x*>= 23.8, p<0.0001;
4 (0.9), n=41) versus 59.8% (3> = 20.1, p<0.0001; 3.7 (1.1), n=93) of non-biomedical and
biomedical students, respectively, agreed or strongly agreed with the statement, with this

difference only just failing to reach statistical significance (p=0.06, unpaired t-test) (Figures

3A, B&D).

Statement 6: “As there weren't any marks awarded for the CAs in GM1002, I didn't feel

the need to study for them”.

We found that approximately half of the students, 46.1%, disagreed (D) or strongly disagreed
(SD) (2= 10.8, p<0.005; 2.8 (1.3), n=130) with statement 6. It is worth noting however that a
sizable minority of the students (30.8%) did also agree or strongly agree with the same
statement, with a further 23.1% neither agreeing nor disagreeing. Although more non-
biomedical students disagreed or strongly disagreed (53.8% (x> = 8.0, p=0.02; 2.7 (1.2), n=40)
with statement 6 than biomedical students (43.5% (x> = 4.8, p=0.09; 2.8 (1.3), n=93), the

difference was not significant (Figures 4A&B).

15
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Statement 7. “If summative marks were NOT awarded for the CAs in GM1001, then I

would not study for them”

60.6% of students disagreed or strongly disagreed with statement 7, whereas only a quarter
(25.7%) of respondents agreed or strongly agreed with it (y*> = 46.9, p<0.0001; 2.5 (1.1),
n=132). A slightly greater percentage of biomedical students disagreed or strongly disagreed
with the statement than the non-biomedical background students (55.8% (3= 18.6, p<0.0001;
2.6 (1.1), n=95) versus 52.4% (x*>= 5.8, p=0.02; 2.5 (0.9), n=42), but this difference was not

significant (Figure 4A&B).

Do students prefer formative or summative assessments?

The final part of the survey specifically asked students to indicate what their preferred format
of CA was, or would be, from four options (i.e. the summative and formative formats that they
had experienced in GM1001 and GM1002, respectively, plus two additional possible formative
formats); “Formative, completed under test conditions on computers in the physiology lab with
answers provided immediately or shortly afterwards”, “Formative, completed as an individual
or group exercise (e.g. using Socrative)”, “Formative, with questions placed on [a Learning
Management System such as] Blackboard for students to complete in their own time”, or
“Summative (i.e. marks contributing to EOM exam), completed under test conditions on

computers in the physiology lab with answers provided immediately or shortly afterwards”.

As can be seen in figure 4C, 71.9% (92/128) of students opted for one or other of the three
formative CA formats offered, with the formative CA format that they had experienced in
GM1002 being the single most popular option (38.3%; 49/128 students). Notably, the
summative format experienced in GM1002 was selected by only 28.1% (36/128) of students.
It is interesting to note however that although biomedical background students also preferred

the GM1002 formative CA format to the GM1001 summative CA format (41.4% (36/87

16



students) vs 21.8% (19/87 students), with 78.2% (68/87) opting for formative CAs generally,
this trend was reversed with the non-biomedical background students. Specifically, a much
smaller percentage of students from non-biomedical backgrounds than students overall opted
for formative assessments generally (58.6%; 24/41 students), with a greater proportion of those
same students preferring the summative CAs used in the study (41.5%; 17/41 students) to those
that preferred the GM1002-style formative CAs (29.3%; 12/41 students; p=0.003 vs biomedical

background students)(Figures 4C & D).

17



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Discussion

In line with the relatively few studies investigating pre-clinical medical students’ assessment-
type preferences, the current study revealed that the sentiment of UCC pre-clinical medical
students towards regular testing of their knowledge of physiology, using either frequent
summative or formative formats, was overwhelmingly positive in terms of being both valuable
learning exercises and providing feedback about their understanding of physiology (statements
1 and 2). Additionally, and in line with the assertion that “assessment [can] drive learning” (40,
41) most students indicated that both formats of CA motivated them to study and learn the
taught material (statement 3). However, our results show that the summative tests were
significantly more effective in this regard than the no-stakes, formative CAs. Interestingly, the
greatest difference in the degree of motivation provided by summative versus formative CAs
was with the non-biomedical background students who were both significantly more motivated
than biomedical background students to study for summative CAs, but significantly less
motivated to study for the formative CAs. However, more students from the non-biomedical
than the biomedical cohort, disagreed with statement 6 that, because marks weren’t available

for the formative tests, then they didn’t study for them.

e  “the formative nature of [the GM1002 CAs] slightly removed my motivation to study
for them, in contrast to [the GM1001 CAs], where I was more motivated to revise for

the CAs, in spite of their small contribution to the overall mark”

o  “[ think that the summative CAs - regardless of how negligible their contributions to

the final grade - will always incentivise students to acquire marks instead of the

knowledge”
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Similarly, although overall more than 60% of students indicated that they would study for the
summative tests even in the absence of marks being available, when asked about their actual
study habits for the formative tests, over half of the class were, at best, non-committal on the

matter.

o “[felt more pressure to learn and know the material in GM1001 but I preferred the less
stressful aspect of GM1002. Probably overall having [summative CAs] contribute to

marks is better so that we are encouraged to keep up with the large amount of material.”

However, in spite of the reduced motivation to study for the formative versus summative CAs,
the formative testing was more popular with the students for identifying deficits in their
knowledge of physiological topics than the summative CAs (statement 4). Although we did not
formally interrogate this finding with students, anecdotally, the immediate feedback provided
on each question during the formative CAs, whereby any misapprehensions or
misunderstandings can be clarified in real time, was one of the main reasons for students’

preference.

o “Ipreferred having solutions provided immediately (eg via Socrative), because it either
reinforced what I knew OR I could correct myself on the spot (compared to reviewing
CAs a week or two later, when I can't remember how I answered it [sic] and have moved

on from reviewing that material in my own studies”

This preference for formative over summative testing overall was confirmed when they were

asked directly to select their favored test format, with 71.8% of students preferring some form
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of formative testing over summative tests, with the largest proportion, 38.3% (49/128), opting

for the format of formative CAs utilized in the current study.

o “Ilike this option because you address the answer to the question right away and there
is opportunity for discussion with lecturer/peers even if you prefer to answer alone. It

also makes for better revision”

o “I learned more from doing the tests on socrative, where I could save the answers and
explanations to review later. The lab-based assessment was not useful, particularly at

the beginning of the year, when everything was so new - it added undue stress

o “lused the CAs to motivate me to stay on top of my work and see how well I knew the
content at that point and time. I would not want the CAs to be worth more than 1%
because I wouldn’t want the stress of prioritizing the CAs over other subjects. Therefore
[ think the group Socrative [sic] had the best outcome of pushing me to stay on top of

my work without the stress of a summative CA”

However, one interesting feature that arose from these particular data was the finding that, in
contrast to all of the other cohorts analysed, non-biomedical background students not only had
a much lower preference for formative assessments in general (58.6%), but also contained a
greater proportion of students (compared to biomedical background, and students overall) that
preferred the style of summative CAs used in GM1001 (41.5%) to those that preferred the
GM1002-style formative CAs (29.3%). Notably, non-biomedical background students also
attended significantly fewer of the formative CAs than those students with a biomedical

background (data not shown). The reason for such a marked preference for summative CAs in
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this particular cohort is unclear. One possibility is that they disliked the collaborative-style
formative CA format to that of the summative CAs, which were sat individually, under
proctored conditions (non-biomedical background students indicated a significant preference
for working alone rather than in groups (for the formative CAs) compared to the biomedical
background students (data not shown)), perhaps because it might have revealed a weaker
physiology knowledge to their peers. However, this explanation alone seems unlikely as only
7.3% of non-biomedical students selected the “Formative, completed under test conditions on
computers in the physiology lab, with answers provided immediately or shortly afterwards”
option for that particular survey item. Another possibility is provided by responses to an earlier
survey item, whereby non-biomedical background students were more positive towards the
summative CAs than their biomedical peers in motivating them “to study and keep up with
taught material”. Similarly, a significantly larger proportion of non-biomedical than biomedical
background students indicated that the summative CAs (76.3% vs 47.3%, respectively) helped
to direct their study prior to formal exams, although the relative percentages for non-biomedical
versus biomedical background students were very similar with regard to the formative CAs for

the same survey item.

Limitations of study

One limitation of this study is that all of the data were obtained from a specific cohort of
students attending one particular medical school, limiting the potential to extrapolate the
findings to other medical programs. However, by conducting the study across the two years,
and ruling out as many confounding factors as possible, such as lecturer to lecturer, school to
school, and program to program variability, as well as keeping the delivery of material and the

two modes of CAs identical for the whole study, our study ensured that students’ responses
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were specifically focussed on their perceptions of the way that the summative and formative

CAs had been delivered, rather than being potentially influenced by these other factors.

A further criticism of the study could be that as the summative assessments were delivered in
a proctored format, with each student answering questions individually, whereas it was possible
for students to discuss and answer questions as a group for the formative CAs, thereby making
direct comparisons between the two modes of CA delivery invalid. However, whilst this
criticism is valid to a certain extent, we feel that fact that only 32.6% of respondents indicated
that they had answered the formative CAs as part of group of two or more, i.e. more than two
thirds of the respondents had completed the quizzes individually as they had done for the
summative CAs, means that reasonable comparisons can be drawn between the data for the

two CA types.

A further limitation is that there may have been survey bias towards the formative CAs due to
the fact that, for both years of the survey, it was the most recently experienced of the two CA
formats. To counter such possible bias, it would have been useful to have flipped the summative

and formative semesters in year two of the survey.

Although we did provide a free-response comment box at the end of the survey for students to
enter any feedback on the survey questions that they felt was relevant (with some of the quotes
provided being included above), an essay-type survey question where students were
specifically asked to address why they preferred one mode of CA over another, such as the lack
of peer assistance, delayed feedback or the more formal atmosphere of the summative CAs,
would have also been useful. Furthermore, it would also have been interesting to specifically
determine why non-biomedical students preferred summative CAs over formative CAs, in

direct contrast to biomedical students and the entire student cohort as a whole. Unfortunately,
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as we did not anticipate such distinct differences in opinion between these cohorts, it was not

factored into the original survey design.

Finally, due to the anonymous nature of the survey and potential ethical issues associated with
this factor, we were unable to set up the study in such a way as to determine if either the
summative or formative CAs had any significant effect on exam performance. However,
previous studies have shown that regular formative testing significantly improved grades in a

1*" year biology course (4).

Conclusions

Although our results indicate that pre-clinical medical students as a whole generally prefer
formative to summative in-term assessments (notwithstanding the preferences of students from
non-biomedical backgrounds), it is clear that they are aware of the relative benefits of both
formats. Specifically, formative assessments provide immediate feedback on taught material
in real time, in a relatively informal and relaxed environment, whereas summative assessments
not only increase the motivation of students to keep up with coursework, but also test their
knowledge in a lower-stakes examination environment that helps to prepare them for future,
more formal, higher stakes assessments. As such, and in line with the previous proposal of
Dixson and Worrell (2016), as well as reaping the benefits of the testing effect (12, 42), students
are likely to benefit from a healthy balance of regular formative and summative assessments
due to the fact that both forms of assessment should complement each other: the former
facilitating understanding, and the latter evaluating the degree of understanding at the end of a
defined unit of taught material. This is supported by other studies which have found that a
combination of formative and summative assessments can be more effective than either type

of assessment alone (43, 44).
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Figure Legends

Figure 1. Student demographics. Pie charts illustrating distribution of 1% year graduate entry to medicine (GEM) survey respondents in relation
to sex (A), age (B), primary degree background (C) and region of origin (D) (EU = European Union) for academic years 18-19 and 19-20 (A).

Figure 2. Students’ views on statements #1-3. Students provided their views on three statements using a five point Likert scale ranging from 5
(strongly agree) to 1 (strongly disagree). Graph shows Likert scale data presented as mean scores for overall student responses to statements 1-3
for summative and formative, with error bars representing standard deviation. /nset: The percentage of positive responses, “agree” or “strongly
agree” for each statement for both summative and formative CAs (A). Graph showing Likert scale data for summative and formative CAs,
specifically in relation to statement # 3. Responses are shown for students overall, students with a biomedical primary degree and those with a
non-biomedical primary degree. Likert scale data presented as mean scores for overall student responses to statement # 3 with error bars
representing standard deviation (B). ** indicates p<0.01.

Figure 3. Students’ views on statements #4 & #5. Students provided their views on statements, #4 and #5, using a five point Likert scale
ranging from 5 (strongly agree) to 1 (strongly disagree). Graph shows Likert scale data presented as mean scores for overall student responses to
the statements for summative (filled circles) and formative (filled squares) CAs, with error bars representing standard deviation. Inset: The
percentage of positive responses, “agree” or “strongly agree” for each statement for both summative and formative CAs (A). Graph showing
Likert scale data for summative and formative CAs, specifically in relation to statement #4. Responses are shown for students overall, students
with a biomedical primary degree and those with a non-biomedical primary degree (B). Graph showing Likert scale data for summative and
formative CAs, specifically in relation to statement #5. Responses are shown for students overall, students with a biomedical primary degree,
and those with a non-biomedical primary degree (C). * indicates p<0.05, ** indicates p<0.01.

Figure 4. Students’ views on statements #6 & #7 and preference for summative or formative CAs. Students provided their views on a
further two statements, #6 and #7, using a five point Likert scale ranging from 5 (strongly agree) to 1 (strongly disagree). Graph shows Likert
scale data presented as mean scores for overall student responses to the statements for summative (filled circles) and formative (filled squares)
CAs, with error bars representing SD. Inset: The percentage of positive responses, “agree” or “strongly agree” for each statement (A). Graph
illustrating the percentage student preferences for GM1001 summative CAs versus the format of formative CAs used in GM1002. Responses are
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shown for students overall, students with a biomedical primary degree and those with a non-biomedical primary degree. ** indicates p<0.01 (B).
Pie chart illustrating students’ percentage preference for summative or formative CA formats (C).
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