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Abstract. Formative assessments are systematically designed instructional interventions to assess

and provide feedback on students’ strengths and weaknesses in the course of teaching and

learning. Despite their known benefits to student attitudes and learning, medical school curricula

have been slow to integrate such assessments into the curriculum. This study investigates how

performance on two different modes of formative assessment relate to each other and to per-

formance on summative assessments in an integrated, medical-school environment. Two types of

formative assessment were administered to 146 first-year medical students each week over

8 weeks: a timed, closed-book component to assess factual recall and image recognition, and an

un-timed, open-book component to assess higher order reasoning including the ability to identify

and access appropriate resources and to integrate and apply knowledge. Analogous summative

assessments were administered in the ninth week. Models relating formative and summative

assessment performance were tested using Structural Equation Modeling. Two latent variables

underlying achievement on formative and summative assessments could be identified; a ‘‘for-

mative-assessment factor’’ and a ‘‘summative-assessment factor,’’ with the former predicting the

latter. A latent variable underlying achievement on open-book formative assessments was highly

predictive of achievement on both open- and closed-book summative assessments, whereas a

latent variable underlying closed-book assessments only predicted performance on the closed-

book summative assessment. Formative assessments can be used as effective predictive tools of

summative performance in medical school. Open-book, un-timed assessments of higher order

processes appeared to be better predictors of overall summative performance than closed-book,

timed assessments of factual recall and image recognition.
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Improving the quality of high stakes assessment for undergraduate medical
student training has invariably evoked the interest of medical educators
(Rolfe and McPherson, 1995). In contrast to ‘‘summative’’ assessments,
implemented to make decisions about student progress or certification, little
attention has been devoted to ‘‘formative’’ assessments, which are under-
taken to help develop students’ intellectual capabilities for improved
achievement, to identify and act upon students’ strengths and weaknesses,
and to modify teaching practices if needed (Mennin and Kalishman, 1998).
Formative assessments are systematically designed interventions adminis-
tered during the assigned period of instruction to enhance cognitive and
motivational support for learning and achievement in multiple ways: by
informing students of the gap between their existing and expected knowl-
edge states, by familiarizing students with what will be expected on sum-
mative assessments, by providing feedback on students’ thinking, and by
guiding the direction of their learning. Because they are not part of sum-
mative assessment, these instructional interventions occur within a non-
threatening environment (Rolfe and McPherson, 1995; Sadler, 1989; Wass
et al., 2001), which may account for the positive response such assessments
elicit among students across all types of formats and domains (Henly, 2003;
Hill et al., 1994; Houghton and Wall, 2000; Paschal, 2002; Peat and
Franklin, 2002; Ritter, 2000; Vaz et al., 1996; Velan et al., 2003). A recent
report published by the Association of American Medical Colleges (2004)
proposing curricular reform guidelines towards an ideal medical education
system states that such a system will, ‘‘conduct a rigorous assessment of
learners’ abilities throughout the course of their careers, to assist them in
improving their performance (formative assessment) and to ensure that they
have achieved the level of performance required to advance professionally
(summative assessment).’’

An overriding purpose of developing and administering formative
assessments is to make a measurable difference in student achievement on
summative assessment. As pointed out by Ramsden (1992), the assessment is
the curriculum, and by-and-large, students adjust their learning to what they
expect to be tested on. Thus, formative assessments can serve as excellent
tools for shaping the way students approach the material in a course. In
addition, it has long been known (Ebbinghaus, 1885/1913) that greater
retention of knowledge occurs when learning trials are spaced rather than
massed, and weekly formative assessments are likely to promote distributed
studying throughout the period of the course rather than just before the final
exam. Given the large amount of faculty effort and time involved in planning,
developing and administering formative assessments, integrating these into
the curriculum must be evaluated against competing instructional strategies
to achieve the same goals.
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Several studies have suggested that formative assessments can improve
performance on subsequent summative assessment (Bondemark et al., 2004;
Greer, 2001; Thiesen-Roe et al., 2004). These studies have examined the ef-
fects of formative assessments on achievement via inferential, correlational
analyses based on a linear causal framework. In this paper, we hypothesize
that complex, interactive relationships may exist among multiple formative
assessments and performance which warrant an investigation. The purpose of
the present study is to examine, for beginning medical-students, the rela-
tionships between performance on required, weekly, formative assessments
and on summative assessments. These assessments were given within the
context of an integrated curriculum in which each week’s material applied
multiple disciplines to understanding the topic being presented. For the
curricular block studied in this report, basic science concepts, application of
basic science to clinical problems, histopathology and superficial anatomy,
and concepts underlying interviewing and physical examination were all
applied to understanding basic processes underlying disease. Within this
curricular context, we investigated how achievement on formative assess-
ments predicts performance on a summative assessment as a whole, as well as
by type of assessment. Assessment formats included a timed, closed-book
assessment aimed at evaluating factual recall and image recognition (Peitz-
man et al., 1990) and referred to here simply as Closed-Book, and an un-
timed, open-book/resource assessment designed to evaluate higher order
skills (Peitzman et al., 1990) including the ability to synthesize and apply
factual knowledge to complex questions as well as to effectively utilize
resources, referred to here simply as Open-Book. This study further seeks to
determine the interrelationships between performance on the two types of
assessments themselves.

The following specific questions are addressed by the present research:
(1) How does performance on formative assessments relate to performance
on summative assessments? (2) What is the relationship between the Open-
Book and Closed-Book components of the assessments? (3) What is the
relationship between performance on the Open-Book vs. Closed-Book
components of the formative assessments and performance on the summative
assessment?

Methods

Seven required and one optional formative assessment, corresponding to
weekly curricular ‘‘themes’’ and consisting of both Open-Book and Closed-
Book components, were delivered on-line over the 8-week curricular block.
Topics covered from the first through eighth weeks are presented in Table I.
All students were required to take the formative assessments for weeks 1–7
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whereas that for week 8 was optional to prevent overloading students
immediately before the summative assessment. The assessment for week 8
was excluded from the analysis as it represented incomplete data. For weeks
1–7, the Closed-Book assessments ranged from 16 to 30 questions (16–50
points), and the Open-Book assessments ranged from 8 to 14 questions (20–
33 points). Scores were calculated as percentages of total points on each part
of the assessment. A summative assessment containing both Closed-Book
and Open-Book components, of 84 and 48 questions, respectively, was
delivered in the ninth week.

Both Closed-Book and Open-Book assessments consisted of multiple-
choice and fill-in-the-blank questions whereas Open-Book assessments
additionally included short-answer questions. Examples of questions asked
on Closed-Book and Open-Book formative and summative assessments are
given in Appendix 1. Assessments were delivered online via the ‘‘ANGEL’’
course management system (http://www.angellearning.com/). Formative
assessments could be taken anytime and place between Friday evening and
Monday morning following the particular week. All multiple-choice and fill-
in-the-blank questions were scored electronically, whereas short-answer

Table I. Block 1 weekly structure and associated assessments

Wk Topic Closed-Book

assessment

Mean±SD %

Open-Book

assessment

Mean±SD %

CB&OB

Mean(±SD) %

1 Genetics and

molecular biology

67.2±11.5 89.7±11.9 78.4

2 Embryology and

signal transduction

78.5±10.3 77.8±16 78.1

3 Surface anatomy

and cell biology

81.7±9.1 74.6±15.3 78.1

4 Neoplasia 77.2±10.5 81.5±14.6 79.3

5 Electrophysiology,

cell homeostasis

and cell injury

80.0±12.6 74.5±15.5 77.2

6 Inflammation 83.0±8.1 83.0±10.1 83.0

7 Immunology 85.2±9.3 86.4±12.0 86.8

8 Pharmacodynamics

and therapeutics

(optional assessment)

Not scored Not scored Not scored

Formative assessments 1–7 79.0±5.8 81.1±7.6 80.1±5.7

9 Final exam (summative) 84.3±7.4 84.0±7.04 84.1±6.1
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questions were scored online by Problem-based Learning session tutors for
the typically eight students in their groups based upon a scoring template
suited to each question. Timing of the Closed-Book component was done
within ANGEL’s quiz-function, and Closed-Book assessments were auto-
matically submitted at the end of the allotted time if they had not been
submitted previously. ANGEL also tracked all online activity within the
course for each student. Feedback on electronically scored questions was
delivered upon completion of the assessment and consisted of correctness of
responses and sometimes a brief explanation for incorrect responses. Feed-
back on the short-answer questions always occurred upon completion of the
assessment, whereas the scores for these types of questions were delivered by
Tuesday noon following the weekend. The summative Open-Book compo-
nent was taken over a 3-day period at any location, while the proctored,
Closed-Book component was taken over a 3-hour period at the medical
school. All 146 students enrolled in the course took all seven required for-
mative assessments and the summative assessment.

Statistical analysis

Analysis was implemented in two successive steps. The first, exploratory step
of data analysis was carried out using SPSS version 12.01 for Windows. The
statistical procedures included the student t-test, to calculate the differences
between the means of the different assessments, and correlation coefficients to
determine the relationships between all observed variables.

In the second step, several models were developed to examine the research
questions posed in this study. The hypothesized models were analyzed and
compared via Structural Equation Modeling (SEM) using the software
package EQS 6.1 (Bentler, 2003). SEM models could reflect causal rela-
tionships between the assessment components and underlying latent con-
structs. These causal processes are represented by the regression equations.
The relationships between the observed variables and their underlying latent
constructs (factors) are defined in terms of weights, the path coefficients. The
hypothesized models can be tested statistically in a simultaneous analysis of
the entire system of variables to determine the extent to which it is consistent
with the data (for a practical guide, see Byrne, 1994). The fit indices provided
by the SEM package were used to determine whether the model adequately
fit the data and are shown at the bottom of each figure. Bentler’s Compar-
ative Fit Index (CFI) compares the fit of the particular model under test with
a model in which none of the variables are related; a CFI of 0.90 or higher
has typically been taken as indicating good fit between the model tested and
the data (a value of 0.95 has been proposed by Hu and Bentler, 1999, but has
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been debated by Marsh et al., 2004). The Standardized Root Mean-Square
Residual (SRMR) represents the average standardized discrepancy between
observed and model-implied relations; a value below 0.08 indicates good fit.
Finally, Steiger’s Root Mean Square Error of Approximation (RMSEA)
adjusts for a model’s complexity. A value below 0.05 indicates proper fit.

Results

How does performance on the formative assessments relate

to performance on the summative assessment?

In order to address the first research question, we initially compared mean
scores of the seven required formative assessments with those of the sum-
mative assessments (see Table I) and found the scores on summative
assessment to be significantly higher, t(145) = 9.11, p<0.001. In addition,
there was a statistically significant correlation between individuals’ mean
scores on formative assessments and summative assessments, r = 0.58,
p<0.001.

In exploring how performance on the formative assessments might be
related to performance on the summative assessment, two alternative struc-
tural models were compared using SEM. The first, a serial model, assumes
that successive contributions of formative assessments (from week 1 to 7)
have led to the increase in summative assessment scores (Figure 1a). For
example, it could be expected that incremental gains would arise from gen-
eral, topic-independent learning such as familiarity with assessment format
and improved use of learning strategies that would yield improved perfor-
mance from one week to the next, despite the change in topics each week.
The second hypothesized model assumes that there are latent variables that
determine achievement on formative assessments (FA factor) and on sum-
mative assessments (SA factor) and that the FA factor positively influences
the SA factor (Figure 1b). For example, one might hypothesize that some
intrinsic characteristic of the students (e.g. motivation, initial knowledge
level) might predict how they will perform on each assessment with very little
change occurring from one week to the next. Clearly, the values of the fit
indices of the first, serial, model indicate no fit whereas those of the second,
latent variable, model indicate a proper fit.

These results suggest that performance on each formative assessment does
not directly influence performance on the subsequent formative assessment
but rather that a latent variable contributes to performance on formative
assessments and summative assessments. This model shows a strong influence
of the FA factor on the SA factor (normalized regression coefficient = 0.91)
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Figure 1. Two hypothesized models for the relationship between formative assessments

and summative assessments. Figure 1a represents a model in which learning on each

formative assessment (FA) contributes to performance on the subsequent assessment

ultimately leading up to performance on the summative assessments (SA). Figure 1b

represents a model in which performance on each formative assessment is independent of

previous assessments but is, instead, determined by a latent factor; performance on the

summative assessment is also determined by a latent factor, and the latent factor for

formative assessment feeds into that for summative assessment. In all figures, normalized

regression coefficients and correlation coefficients are shown as values within the arrows

whereas the values adjacent to dependent variables and factors are normalized values of

variance, R2, and equal the proportion of the variable’s variance that is explained by all of

the variable’s predictors. In this and subsequent figures, the number associated with the

variable label indicates the week in which the formative assessment was given; AV indi-

cates averages, CB refers to Closed-Book, and OB refers to Open-Book assessment scores

in the indicated week. A correlation matrix with the means and standard deviations of all

observed variables is presented in Appendix 2.
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and suggests that improved performance on the summative assessment does
not result simply because of improvement in some ability or knowledge with
successive formative assessments. In such a model, the number of assess-
ments is relatively unimportant, since linear, cumulative effects of formative
assessments are not incorporated.

What is the relationship between the open-book and closed-book

components of the assessments?

There were no statistically significant differences between the mean scores of
the seven Closed- and Open-Book formative assessments or between the
means of the Closed- and Open-Book summative assessment (see Table 1).
The correlations between the Closed-Book and Open-Book components of
the formative assessments and between these components of the summative
assessments were 0.48 (p<0.001) and 0.41 (p<0.001), respectively, indi-
cating a moderate relationship between the average performance on Closed-
Book and Open-Book components of each type of assessment. In order to
explore whether individual latent factors exist that can predict performance
on Closed-Book and Open-Book assessments and to what degree these fac-
tors, themselves, might be correlated, we applied the SEM model which was
the best fit in Figure 1b to each component of the formative assessments. We
then determined the correlation between the Closed-Book and Open-Book
factors. This hypothesized model, as shown in Figure 2, fits the data well.
The individual latent variables (FA-OB factor and FA-CB factor) identified
for both Open-Book and Closed-Book components of formative assessments
as represented in the model predict the scores on the Open-Book and Closed-
Book assessments over weeks 1 through 7 to a moderately high degree, and
the correlation between these two factors is higher than that derived from a
simple correlation analysis which weights all assessments equally.

What is the relationship between the latent factors deduced

for closed-book and open-book formative assessments

and performance on the summative assessment?

Last, we examined the degree to which the Open-Book and Closed-Book
components of the formative assessments were predictive of the Open-Book
and Closed-Book components of the summative assessments, as proposed in
the third research question. Figure 3 shows the relationships between the FA-
OB and FA-CB factors and their individual loadings onto the Open-Book
and Closed-Book components of the summative assessment. This model,
which demonstrates that FA-CB and FA-OB factors predict performance on
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the summative assessment Closed-Book and Open-Book variables, also
appears to fit the data well.

The model reveals that the Closed-Book and Open-Book summa-
tive assessment factors are well predicted by their formative assessment
counterparts. In addition, based upon the relative loadings of FA-OB and
FA-CB factors onto the two components of the summative assessment,
the FA-OB factor has predictive value for both the Open-Book and
Closed-Book components of the summative assessment, whereas the FA-
CB factor appears to predict only the Closed-Book part of the summative
assessment. These results indicate that the Open-Book formative assess-
ments are much better predictors of overall performance on the sum-
mative assessment than are the Closed-Book formative assessments. Since
the Closed-Book summative assessment latent variable has two moder-
ately weighted inputs to it whereas the Open-Book has only one, a larger
percent of the variance of performance on the Closed-Book summative
assessment (50%) is predicted by the two formative assessment factors
than is that of performance on the Open-Book summative assessment
(30%).

Figure 2. Correlation between latent variables ‘‘FA-CB Factor’’ and ‘‘FA-OB Factor’’

predicting Closed-Book and Open-Book formative assessments, respectively.
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Discussion

The present study examined how performance on formative assessments
relates to performance on a subsequent summative assessment and how
performance on timed, Closed-Book assessments aimed at evaluating factual
recall and image recognition (Closed-Book assessments) relates to perfor-
mance on un-timed, Open-Book/resource assessments, designed to evaluate
higher-order processes such as the ability to synthesize and apply factual
knowledge to complex problems and effectively utilize resources in obtaining
necessary information (Open-Book assessments). Structural Equation
Modeling (SEM) allowed us to determine that a model in which latent factors
predicted performance on formative and summative assessments fit the data
well in contrast to an incremental model, in which learning from each for-
mative assessment feeds into the subsequent one and ultimately into the
summative assessment gave a poor fit to the data.

One of the main findings from this study is that different (but correlated)
latent factors appear to underlie achievement on tests designed to assess
factual recall and image recognition than on those designed to assess higher

Figure 3. Relative contributions to Closed-Book and Open-Book summative assessments

by the FA-CB and FA-OB factors for formative assessments.
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order processes. The traits that these latent factors represent remain to be
discovered; however, one might imagine several factors that could underlie
different performance on these two forms of assessment (e.g. memorizing vs.
‘‘deep learning,’’ as designated by Marton and Saljo, 1976; differing degrees
of motivation to access resources and solve the problems presented on
the Open-Book assessment; different levels of anxiety evoked by the two
formats). In trying to understand possible components of these latent factors,
it is necessary to first consider the properties, other than question taxonomy,
that differ between the two types of assessment. There are three such prop-
erties: the format of questions (multiple choice vs. a mixture of short-answer,
multiple choice and fill-in-the-blank); access to materials (Closed-Book vs.
Open-Book/open-web); and degree of time constraint (timed vs. un-timed).

The observed differences are unlikely to derive from the fact that some of
the questions (approximately 25%) in the Open-Book assessments were in
short-answer format. Studies have suggested that students use the same
strategies in studying for and answering multiple-choice questions vs. short-
answer or essay questions on timed, in-class assessments (Smith and Miller,
2005; Tang, 1992;). Other studies have shown that a short-answer vs.
multiple-choice format, per se, does not appear to change the statistical or
psychometric properties of exam performance once ‘‘guessing’’ on multiple-
choice questions is accounted for (see Heck and Stout, 1998, and literature
discussed therein). It is clear that different types of questions lend themselves
to different formats; however, as discussed by Schurwith and Van der Vleuten
(2003), the format of a question is not what determines what is tested by the
question, and thus, it is unlikely that question format, per se, is as important
a consideration as other possible differences between the two types of
assessment.

The second property of the two test formats that differs is access to
materials. The Open-Book assessments not only allowed access to materials
but required such access in order to answer many of the questions. For
example, the students might be asked to find a recently approved therapy
for a particular autoimmune disease and to discuss its site(s) of action; so
one set of abilities being examined in the Open-Book assessments was
knowledge of which resources are most appropriate to locate different sorts
of information and how to access and extract information from these
resources. In our study, we did not find significant differences in the
average performance on Closed-Book and Open-Book assessments so it is
likely that the ‘‘level of difficulty’’ of the two types of assessment were
comparable. However, studies have suggested that the Open-Book format
reduces examination tension and stress and leads to lasting learning out-
comes (Feldhusen, 1961; Jehu et al., 1970); Michaels and Kieran, 1973;
Weber et al., 1983)
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In terms of the third property, differing time constraints between the
two forms of assessment, differences in strategy for multiple-choice tests vs.
essays have been reported if the latter were done as ‘‘take-home’’ assign-
ments, suggesting that the timed nature of an assessment may be an
important variable (see Scouller, 1998). Because the Open-Book assess-
ments in the present study were un-timed and taken at home, yet consisted
primarily of multiple choice questions, it is not clear whether or not stu-
dents utilized the same strategies as for in-class examinations. However, it
is also worth considering that students might have used different strategies
in approaching the two types of assessments because of the differences in
types of information examined: factual recall and image recognition in
Closed-Book assessments and abilities such as interrelating basic knowl-
edge, applying basic information to more complex situations, accessing
appropriate resources, and drawing conclusions from information, in the
case of Open-Book assessments. Recently, Smith and Miller (2005) found
that assessment ‘‘type’’ (multiple choice vs. essay questions) on timed, in
class tests had no significant influence on how students approached their
learning whereas the particular discipline did, for both assessment types. In
the present study, it is possible that the types of tasks required by Open-
Book, un-timed assessments require different strategies than Closed-Book,
timed ones, especially since we used the two different formats to assess
different types of knowledge and abilities.

A particularly important observation from the present study was that the
latent variable underlying performance on Open-Book formative assessments
appears to be more predictive of overall achievement on the summative
assessments than does the latent variable underlying performance on Closed-
Book formative assessments. It is interesting to consider why the Open-Book
formative assessments would be much better at predicting outcome on the
summative assessment than the Closed-Book formative assessments. One
explanation might lie in the observations of Gay (1980) who compared the
final exam scores on a selection of both short-answer and multiple-choice
questions in an Introductory Educational Research course as a function of
whether students took interim exams in short-answer or multiple-choice
format. Although she observed no differences in performance on the interim
exams as a function of format, she found that short-answer items appeared to
lead to greater retention than multiple-choice items covering identical
material. Thus something in the act of generating and writing the answer to a
short-answer question compared to choosing among answers in multiple-
choice questions may enhance retention of the material. The additional
feature of the Open-Book format, allowing students to access knowledge not
yet in their ready memory, may have provided additional reinforcement of
their store of factual knowledge which could be carried forward to the
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summative assessment as well. By contrast, no similar effect of the Closed-
Book formative assessment on higher-order processes would seem likely.

The differential effects of the Closed-Book and Open-Book formative
assessments in loading onto the summative assessments suggests that
including a component of Open-Book/resource, un-timed assessment might
provide added value over a strictly Closed-Book, timed format. Certainly,
when doctors analyze cases, they need not restrict themselves solely to their
ability to recall information, and as the knowledge base expands, doctors are
becoming increasingly reliant on their abilities to efficiently and effectively
utilize resources. Thus, a component of assessment aimed at accessing and
applying knowledge would also promote an increased mastery of these skills.

As an initial attempt to unravel the interrelationships between assessments
and performance, this study generates several questions for future research.
To the extent that the assessments, themselves, test a range of intellectual
modalities from visual and verbal memory to problem-solving to accessing
literature, it seems unlikely that the latent variables represent single, identi-
fiable constructs. Nothing in the present research can elucidate the degree to
which aptitude, motivation, anxiety, or other qualities are embodied in the
latent variables, FA factor and SA factor. Of particular interest, therefore,
would be to identify cognitive and non-cognitive factors that influence per-
formance on formative-assessments and the processes that contribute to
improved performance on summative assessment.

From a long-term standpoint, understanding how formative assessments
affect learning strategies would be of interest, as well as their predictive
validity for performance on medical licensing exams or other high stakes
summative assessments. Long-term retention resulting from Open-Book vs.
Closed-Book assessments would shed light on the stability of positive effects
of Open-Book assessments revealed in this study. Finally, the present study
was conducted in the context of an integrated curriculum with beginning
medical students, using unique content for each week. More varied instruc-
tional contexts and content in the study of formative assessments would help
establish generalizable findings to guide practice.
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Appendix 1

Examples of questions on Closed-Book and Open-Book formative assess-
ments

Closed-Book (Week 2): Embryology and Signal Transduction

While doing an ob/gyn residency, you deliver a pair of twins. You notice that they share a

common placenta and chorionic sac but have separate amnionic cavities. What is the most

likely origin of their twinning?

A. These are dizygotic twins

B. These are monozygotic twins that split at the two-cell stage.

C. These are monozygotic twins formed from splitting of the inner cell mass early in

development.

D. These are monozygotic twins formed from splitting of the inner cell mass at a late

stage of development

Open-Book (Week 2)

Another group studying this syndrome [spontaneous ovarian hyperstimulation syndrome]

identified a mutation in the FSHr designated D567N. RFLP analysis was performed

on a PCR amplified portion of exon 10, comparing an affected individual with

an unaffected person. Details of this assay are as follows, and the results are shown

in the figure below. PCR was used for specific amplification of a 530-bp segment of exon

10 of the follicle-stimulating hormone receptor centered on the mutation. Tsp45I cleaves

twice the 530-bp PCR product obtained from the DNA of control subjects, generating

one fragment of 290 bp and two fragments of 120 bp each (lane 1). The D567N mutation

destroys the second Tsp45I restriction site, thus generating a mutation-specific band

at 240 bp.
Based upon the RFLP pattern in lane 2 for the affected individual, is the

mutation dominant or recessive? Justify your answer. (Not more than

2 sentences)

If the odds of carrying this mutation on both alleles are 1/1,000,000 in

the population, what are the odds of being heterozygous for the

mutation?

A. 1/50

B. 1/100

C. 1/250

D. 1/500

E. 1/1000
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