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Abstract

Student success in basic medical science courses is typically determined by their indi-

vidual performance on examinations of various types. Previous research both within

and outside medical education has shown that the use of educational assessment

activities can increase learning as demonstrated by performance on subsequent

examinations, a phenomenon known as the testing effect. Activities primarily

designed and used for assessment and evaluation purposes can also be used as

teaching opportunities. We developed a method for measuring and evaluating stu-

dent accomplishment in a preclinical basic science course that incorporates both indi-

vidual and collaborative efforts, encourages and rewards active participation, does

not compromise the reliability of the assessment outcome and is perceived by the

students as helpful and valuable. The approach involved a two-part assessment activ-

ity composed of an individual examination and a small group examination with each

component differentially weighted in determining an overall examination score. We

found that the method was successful in encouraging collaborative efforts during the

group component and provided valid measures of student grasp of the subject mat-

ter. We describe the development and implementation of the method, provide data

derived from its use in a preclinical basic science course and discuss factors to be

addressed when utilizing this approach to ensure fairness and reliability of the out-

come. We include brief summary comments from students regarding their impres-

sions of the value of this method.
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1 | INTRODUCTION

Student success in preclinical basic science courses is typically deter-

mined by individual student performance on written or practical

examinations developed around the stated objectives of the course.

For some courses examination questions are written by the faculty

while for others questions are obtained from external sources such as

the National Board of Medical Examiners (NBME). Advantages of the

former method include the ability to directly link a particular question

to a specific learning objective or to emphasize a principle or topic

judged to be important. An advantage of the latter is the ability to

provide students with rigorously developed and validated questions

similar to those that comprise high stakes examinations such as the

STEP 1 and 2 examinations.

Variability among examinations also exists regarding the types of

questions developed or selected for, and included on the
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examinations. Most commonly examinations are composed of

multiple-choice questions (MCQ's) with or without images, tables or

figures, designed to best represent the material to be learned. Specific

questions may vary in difficulty from relatively simple recognition type

questions to more complicated and demanding synthesis and evalua-

tion tasks as described by Bloom and Anderson (Anderson

et al., 2001; Bloom & Krathwohl, 1956). Less common, but perhaps

more helpful in preparing students for the learning environment of

the clinical years, are examinations composed of open-ended, short

answer questions requiring students to retrieve from memory and dis-

cuss or explain previously learned information. Questions of this type

are frequently structured in the oral format, a method of knowledge

assessment commonly used in the clinic, operating room or other

patient care settings.

An additional factor related to the assessment and evaluation pro-

cesses relates to the frequency of examinations administered during a

course. Some courses include multiple examinations scheduled

throughout the course with each examination score contributing a

specific percentage to an overall final course grade (Logan &

Balota, 2008). These examinations may be limited to topics addressed

during a particular unit of the course or may be cumulative in content,

recognizing the progressive nature of learning in medical school. Alter-

natively, student success may be determined by performance on a sin-

gle, summative examination administered at the end of the course.

Single, end of course examinations may be perceived as more stressful

in light of the amount of material that students will be responsible for

and because of the relative importance placed on a single examination

(Carreras & Fernandez-Castro, 1998; Dimitriev et al., 2008; Lewis

et al., 2008; Vivian et al., 2003; Zeller et al., 2004).

For courses in which assessment is based on examinations with

more than one component, such as those with both a written and

practical/skills part, the matter of weighting of individual components

must be addressed. Factors involved in these decisions include the rel-

ative amount of time allocated in the course for specific types of

learning activities, resources available for learning including and the

time that might be required to benefit from each. For example, anat-

omy examinations in which the laboratory component involves identi-

fying particular structures on cadaveric material prepared by the

students or the faculty, adequate time must be allocated for both dis-

section and review of the dissected specimens, particularly if all the

specimens will be used in the examination. The idea of assessing stu-

dent knowledge using an examination format comprised of multiple

components is not new. Barremkala et al. (2020) describe an approach

used for an anatomy laboratory examination which included “stations”
at which students in groups of 5–6 participate in an individual skills

test (IST) which involves the identification of a tagged structure and a

team skills test (TST) in which students work collaboratively to

respond to a patient scenario. In their model, each individual test was

weighted at 50% of the overall assessment grade.

Separate from matters related to format of student assessment,

that is how student learning is measured, is the issue of how student

success or satisfactory performance is determined using those assess-

ment data. For many preclinical basic science examinations, including

those composed of multiple-choice questions, success is defined as an

earned score that is above a particular value, often referred to as the

cut score (Cizek, 1996a, 1996b; Mills et al., 1991). In some courses,

the cut score is the only determinant of success with students receiv-

ing a grade of either pass or fail. In other courses, in addition to the

cut score, several levels of achievement are identified such as A, B, C,

or other designations intended to rank order students among those

who have demonstrated satisfactory knowledge or understanding

above that defined by the cut score (Njiru et al., 2020). Irrespective of

the methods used for assessment and evaluation, student success in

preclinical basic science courses is typically determined by a students'

individual effort on an examination. Factors affecting performance on

examinations are numerous, many of which incorporate the testing

effect (Angel, 1949; Bangert-Drowns, Kulik, & Kulik, 1991; Bangert-

Drowns, Kulik, Kulik, & Morgan, 1991a; Butler et al., 2008; Butler &

Roediger, 2007; Butler & Roediger, 2008; Kang et al., 2007; McDanial

et al., 2007; Smith et al., 2011) and other approaches that involve

effortful retrieval and practice (Bangert-Drowns, Kulik, & Kulik, 1991;

Bangert-Drowns, Kulik, Kulik, & Morgan, 1991; Butler, 2010;

Karpicke & Blunt, 2011; Roediger & Karpicke, 2006).

Based on the work of previous investigators, we developed a

method for measuring student accomplishment and assigning examina-

tion grades in a preclinical basic science course involving two compo-

nents that would encourage and reward collaborative effort in a way

that would be valid and viewed by the students as valuable. We recog-

nized that students generally prefer active learning opportunities where

they can interact with the faculty and their classmates as opposed to

being passive participants in more faculty centered learning activities.

We recognized also that most students also prefer to work collabora-

tively, especially if as a result, some meaningful benefit might accrue.

We noticed that during the course, students frequently self-assess, as

well as learn course material by means of practice examination ques-

tions available either commercially, created individually or passed down

by previous students or classes. We noticed also that students attend

and greatly appreciate review sessions offered by the faculty either as

a scheduled part of the course or as an unscheduled, informal activity.

The closer the review activity parallels the actual course examinations,

the more favorable the activities are viewed and the more engaged the

students are with them. Likewise, the more of these opportunities that

are offered, the more value they seem to have.

We describe our method for assessing and valuing student perfor-

mance and present examination performance data as a measure of our

success in achieving these goals. We then briefly summarize student

perceptions regarding this method and discuss issues to be addressed

when considering the use of this method in other courses. The

method described here was developed as part of an ongoing effort to

encourage student engagement and participation in the course.

2 | METHODS

2.1 | Course organization

The approach described here was developed for a 90-h medical neu-

roanatomy course, scheduled during the final 10 weeks of the first
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year of the curriculum. The course was divided into three units of

instruction: 3, 3, and 4 weeks in length. Instructional methods

included traditional lectures, cadaver dissection laboratory sessions

focusing on the brain, spinal cord and organs of special sense and

small group discussions of clinical case-based problems. Course con-

tent and organization reflected the stated course objectives which

were developed by the faculty and reviewed and approved by the

medical curriculum committee. The same course objectives and orga-

nization were used during both years of this report.

2.2 | Examination description

Written examinations, one for each unit written by the course faculty,

were administered at the end of the 3rd, 6th and 10th week of the

course, respectively. Each examination focused on content addressed

during that unit with some overlap for continuity purposes. Each

examination was composed of approximately 150 multiple choice

questions (MCQ's), with or without images, the majority of which

were structured as clinical vignettes. Examination questions were

developed using a blueprint based on individual class session and

course objectives, thus ensuring a balanced examination with regard

to course content. Questions were structured using guidelines pro-

vided by the National Board of Medical Examiners (NBME) for the

STEP examinations (Case & Swanson, 2002). Once constructed each

examination was reviewed by the faculty of the course for accuracy

and fidelity to the examination blueprint and by personnel from the

Office of Medical Education with expertise in examination construc-

tion for validity and reliability. The same three, unit examinations were

used during both years included in this report.

2.3 | Examination components and administration

Each unit examination was composed two parts: an individual compo-

nent and a group component. Students were initially given 2.5 h to

complete the individual component of the examination. Answers were

recorded using a Scantron® answer sheet provided for this purpose.

At the completion of this phase of the assessment the individual

answer sheets were collected and scored by the Office of Medical

Education. Performance on this part of the examination represented

the individual component of the final score computed for that unit

examination.

Following a short 10-min break, students were then randomized

into groups of five students for the group component of the examina-

tion. Each was group instructed to take the same examination again,

working collaboratively to arrive at a single group answer for each

question. Groups were allocated 1.5 h to complete the group exami-

nation. New randomly assigned groups were created for each of the

three, unit examinations. Students were not permitted to review study

materials between the individual and group testing sessions. During

the group examination students were encouraged to discuss each

question within their own group and to arrive at a consensus answer

for each question. Answers arrived at by the group were recorded on

a single Scantron® answer sheet which was again collected and scored

by the Office of Medical Education. Performance on this examination

represented the group component of the final score for that

examination.

2.4 | Calculating and assigning examination scores

Each student received an overall examination score based on their

performance on both the individual and the group component of the

examination. The individual component was represented by the per-

centage score earned by each student on the individual component of

the examination. The group component was the percentage score

earned by the group working together. All five students in a group

received the same percentage score for the group component. In cal-

culating the final examination numerical score for each student, the

score obtained on the individual component was valued at 93% and

the score obtained for the group component was valued at 7%. The

cut score for each examination was 70%. Success on each examina-

tion and for the course was recorded as pass or fail.

2.5 | Solicitation of student comments regarding
the assessment approach

Student comments regarding each preclinical course are solicited

anonymously on an end of course survey administered by the Office

of Medical Education. Two questions dealing with the assessment

method were included on the survey: (1) Did you find this approach

helpful/valuable or not helpful/not valuable? Please comment, and

(2) Did you feel your input was unrecognized or not valued by your group?

Please comment.

3 | RESULTS

Student performance on three examinations during the course for

two consecutive academic years is presented in Table 1. Mean Indi-

vidual student scores on examinations 1, 2 and 3 ranged from 80% to

84% for year 1 with similar average scores for year 2. The range of

scores varied from 45% to 94% in year 1 and from 40% to 97% in year

2. Mean group scores were higher than mean individual scores for all

examinations in both years ranging from 81% to 96% in year 1 and

81% to 97% in year 2 (Table 1).

The number points added to a student's individual score and the

number of students who received additional percentage points for

each examination using the formula for calculating final examination

scores is presented in Table 2. Most students received no additional

points added to their individual score. A larger number of students

received either 1 or 2 percentage points with only 2 or 3 students

receiving 3 additional points.

Table 3 illustrates the number of students who would have failed

the examination (cut score 70%) for each examination based on their

individual score and those earning a passing score as a result of

NOLAN and MCNAMARA 3
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factoring in performance on the group examination. Our data indicate

that during the first year, 5, 3, and 4 students would have earned a

failing score on examinations 1, 2, and 3, respectively, had perfor-

mance been based only on their individual examination scores. How-

ever, using the method described here, the number of failing students

was reduced to 3, 1 and 3 students on examinations 1, 2, and

3 respectively. A similar trend was observed for the second year with

6, 3, and 4 students posting a failing score on examinations 1, 2, and

3, respectively, based on their individual scores with only 4, 2, and

2 students failing each examination using the combined score

approach.

4 | DISCUSSION

Following discussion among the faculty we decided to implement a

method in which the grade a student would be assigned for each

examination in our course would be determined by two differentially

weighted components: an individual component and a group compo-

nent. Informal discussions with upper classmen (former students of

the course) regarding this idea indicated that students would likely

value such a mechanism whereby a part of an examination grade,

albeit a small one, would be derived from a group effort which might

potentially raise a students' overall examination score. We also appre-

ciated the likelihood that some additional learning might be achieved

as a result students' working together, in this case, in an assessment

activity.

4.1 | Assigning value for individual and group
efforts

An important issue we had to address to ensure fairness with this

method was to determine what percentage of the overall examination

score should be assigned to the individual and the group components.

Importantly, we understood that the score a student receives on an

examination must accurately and reliably reflect that student's individ-

ual success in learning or mastering the material included on the

examination. We therefore decided that knowledge demonstrated on

an examination taken by the individual would and should contribute

the largest percentage of an overall examination score with a smaller

percentage derived from a group effort.

In determining the percentage to be assigned to each component,

we considered several factors. Since each student in the group would

be assigned the same group score, regardless of their participation

and contribution to the group effort, we understood that care must

be used to avoid giving non-participating students relatively more

benefit than would be given to the more participatory or engaged stu-

dents in the group. We appreciated that if the assigned percentage is

too high, non-participating or minimally participating students would

likely receive a relatively greater benefit than students who may not

have participated to a meaningful degree. We recognized also that in

some instances if the percentage was too high, students who might

have scored below the cut score based on the individual score might

TABLE 1 Mean scores on individual and group examinations for two consecutive years.

Year 1 Year 2

Individual (N = 152) Group (N = 30) Individual (N = 151) Group (N = 30)

Mean (range) SD Mean (range) SD Mean (range) SD Mean (range) SD

Exam 1 83 (45–92) 5 90 (81–95) 3 84 (40–92) 5 91 (82–96) 3

Exam 2 80 (51–94) 4 89 (83–96) 3 83 (53–94) 4 89 (81–96) 3

Exam 3 84 (52–94) 4 90 (84–96) 3 83 (56–94) 4 91 (85–97) 2

TABLE 2 Number of students benefitting from performance on group examinations.

Percentage points added based on group examination scores

Exam 1 Exam 2 Exam 3

Points added 0 1 2 3 0 1 2 3 0 1 2 3

Number of students gaining points

Year 1 (N = 152) 96 41 13 3 101 39 10 2 108 32 10 2

Year 2 (N = 151) 92 51 6 2 100 45 4 2 111 33 5 2

TABLE 3 Number of students scoring below the cut score based
on individual versus group examination scores.

Year 1 Year 2
Individual Group Individual Group

Exam 1 5 3 6 4

Exam 2 3 1 3 2

Exam 3 4 3 4 2

4 NOLAN and MCNAMARA
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be assigned a passing score based on calculations using the group

score. The higher the group score percentage, the greater number of

students would benefit from this calculation and the criticism of failing

to identify students with insufficient or inadequate understanding of

the course material could be justified.

Conversely, we considered the effect this approach might have if

the group percentage was too small. If the assigned percentage for

the group component was set too low, the contribution of the group

score would be reduced and the incentive to work as a group would

be likewise reduced, an outcome we hoped to avoid. In this situation

the learning benefits of group effort would also be similarly limited.

To address these concerns, we performed hypothetical calcula-

tions using different percentages for the individual and group exami-

nation scores. Based on these calculations, we determined that the

individual component would be valued at 93% and the group compo-

nent would be valued at 7% of the final examination score. Our belief

was that these percentages would both fairly reflect a student's indi-

vidual effort and provide a meaningful incentive for students to

engage in a collaborative assessment effort.

Regarding the matter of time allocated to the group examination,

our decision to allocate 1.5 h for the group component was based on

our experience during previous years with group testing during which

time group efforts were used only for providing immediate feedback

regarding examination performance without any effect on the

assigned examination score.

4.2 | Other effects using this assessment approach

We also considered other effects this method might bring about. For

example, a student who scored a 98% on the individual component,

but was a member of a group that scored 89% on the group compo-

nent, would be assigned an overall score of 97%. Thus, this student

would receive an overall lower score than if performance was deter-

mined by individual performance alone. This student would in effect

be penalized by this method. Had the assigned percentages been for

example, 88% for the individual component and 12% for the group

component, the possibility of a high scoring student being penalized

even more would increase. Although the possibility existed, we

decided in advance that any student whose final examination score

would have been reduced by this method would not be penalized by

this determination. In reviewing the calculations and scores assigned,

we found that no student fell into this category and thus, no student

received a lower score than that based on their individual

performance.

We acknowledge that determining an examination score for a

particular student based on efforts that involve other students raises

important concerns regarding the validity of the assigned grade and

the fairness of the grade assigning process itself. If a students' score

on an examination is based solely on their own individual effort, as is

commonly done, little question can be raised regarding the validity of

the assigned grade. Conversely, if a students' score is derived solely

from a group effort and all students in the group receive the same

score more significant questions regarding fairness might be raised.

We found after calculating final examination scores using the formula

indicated above that the number of percentage points added to any

individual student ranged from zero to three, with only a few students

receiving three points (Table 2). Thus, for most students, there final

score represented their individual knowledge of the material tested

on the examination. In light of our finding that no more than three

percentage points were added to the score of any individual student,

we feel confident that the calculated final examination score fairly

represents the students' knowledge and understanding of the material

considered on the examination.

Although raising a student's score from a failing to a passing grade

was not the intent of this effort, we anticipated that the contribution

of the group score might possibly result in assigning a passing score to

a student who would have otherwise been given a failing score. Since

the maximum number of points added was 3, this result would only

affect those students who scored between 67% and 69%, or 1–3

points below the cut score. It would not benefit students who scored

more than 3 points below the cut score. We found that the addition

of points based on the group effort affected the score of only two

students in four of the six examinations and one student in the other

two examinations (Table 3). Thus, in only two instances was an unsat-

isfactory performance on an examination set aside.

The question may be raised regarding whether those students

who would have failed the examination based on their individual

effort, but who received a passing score based on the contribution of

the group score, might not benefit from remediation. Our position is

that the benefit of problem solving and working together in a small

group setting that involves discussion among their peers is of greater

overall educational value than that gained by requiring proscribed

remediation effort with subsequent re-examination for those students

who scored one or two percentage points below the cut score. Our

belief is strengthened by the work of Butler, Roediger, Karpicke and

others regarding the testing effect and its contribution to learning.

(Butler, 2010; Butler et al., 2008; Butler & Roediger, 2008; Karpicke &

Blunt, 2011; Roediger & Karpicke, 2006).

Our assessment approach recognizes the value of student-cen-

tered, collaborative work as a method of facilitating learning and is

consistent with the views of other investigators (Agius &

Stabile, 2018; Benè & Bergus, 2014; Bentley & Hill, 2009; Bruno

et al., 2016; Hendelman & Boss, 1986; Manyama et al., 2016;

Yeager, 1981; Youdas et al., 2008). Nonetheless, we recognize that

further studies will be required to more reliably determine the extent

of actual learning.

While encouraging group or collaborative effort was not a specific

objective of our course, we believe that collaborative approaches to

learning and assessment, like collaborative efforts in other health care

delivery settings, are effective and successful. We believe assessment

approaches similar to the method described here can be effectively

utilized in other preclinical courses and are worthy of further

evaluation.

NOLAN and MCNAMARA 5
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5 | SUMMARY OF STUDENT COMMENTS

Student comments regarding the course including the examination

scoring method used here were obtained as part of an anonymous,

institutionally managed end of course evaluation process. Regarding

this approach to grading and assigning examination scores, students

were asked to respond to the following two questions: Did you find

this approach helpful/valuable or not helpful/not valuable?” Please com-

ment and “Did you feel your input was unrecognized or not valued by

your group?” Please comment.

The first and most prominent theme to emerge was an apprecia-

tion of the opportunity to increase their score on each examination

through a percentage derived from a group effort.

Students commented that they appreciated the immediate feed-

back they received from their group members, specifically mentioning

the value of explanations regarding specific questions related to topics

they were unclear about or were insufficiently familiar with. In addi-

tion, students recognized that the group score would likely be higher

than the individual score and therefore, even if the mathematical con-

tribution of the group score was small, it would nonetheless be valu-

able. Several students commented that, in addition to the possibility

that point(s) might be added, that they felt they learned something in

the process.

To the question: “Did you feel your input was unrecognized or not

valued by your group?” Please comment no students responded in the

affirmative. Likewise, no comments were offered indicating that one

or more individuals in the group dominated the discussions or decision

making despite the fact that, some students were more knowledge-

able better prepared than others.

Several students commented, based on their feelings immediately

following the individual component of the examination, that they felt

anxious about their performance and that the discussion and feedback

gained during the group component lessened some of their anxiety. A

few students who believed that they did poorly or possibly had failed

the examination commented that they felt less comforted by the

feedback they obtained. These students typically contacted the

course director shortly after the examination about possible causes

for poor performance and to discuss strategies for improvement in

the future.

Unsolicited comments included requests for more frequent

opportunities to answer “practice questions” in a group setting with

faculty feedback, suggesting that this would help them identify topics

where their knowledge and understanding was weak well before the

end of unit examination. Two students commented that their appre-

hension of poor performance was corroborated during the group

examination and recommended that the approach be discontinued.

6 | LIMITATIONS

We recognize that our approach is based on an examination format

that included only a written component and may not be applicable for

courses that include laboratory or practical assessments. We also

appreciate that our curricular structure allowed for three, four-hour

long testing sessions, including breaks, an allocation of time that may

not be feasible in other curricula.

We acknowledge also that the percentages we assigned to each

component of the examination represents our collective judgment

based on discussions and calculations using hypothetical examination

scores. It is possible that for courses of different class sizes, with for-

mative and/or only summative examinations, with examinations that

have different mean and range scores or that have a different number

of examinations, that the percentages we assigned might not be con-

sidered as appropriate or justifiable as they were for us.

7 | CONCLUSIONS

The method described here was designed to encourage and reward

interaction and cooperation among small groups of students in an

assessment activity in a preclinical basic science course. The method

involved a written examination composed of two parts: an individual

examination and a small group examination. Each component contrib-

uted a specific percentage to the overall examination grade with the

largest percentage being derived from performance on the individual

examination. We found that the approach facilitated active engage-

ment and collaboration among students without compromising the

validity of the assessment data. We believe the percentages assigned

for each part were adequate to facilitate cooperative work while not

compromising our ability to reliably determine individual student suc-

cess. Additionally, the method provided students with prompt feed-

back regarding their likely performance on an examination. For most

students, this feedback was supportive regarding their learning of the

material. For those less confident, the group discussions offered an

opportunity to correct areas of incomplete or inadequate understand-

ing. While we recognize that all members of the group may not have

contributed equally, the narrative comments from the students sug-

gest that none felt that they were not given the opportunity to con-

tribute nor were they excluded from participating in the process. We

believe that our efforts to encourage and reward collaborative,

student-centered learning have been successful and are worthy of

further study.
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