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Abstract  

 

Assessment of learning has become a major issue in education in recent years. Secondary educa-
tion has already been confronted with demonstrating learning outcomes. This is predominantly 
done through standardized tests in multiple-choice format. Higher education has not been con-

fronted with demands for standardized testing, and assessment of learning takes place as part of 
accreditation and in voluntary alliances. Developing proper assessment methods presents an op-
portunity to pre-empt regulatory mandates. The current research describes the development of a 
new methodology to demonstrate student performance in higher education. Results for the first 
semester application in an Information Systems Design class are presented. 
 
Keywords: assessment, outcomes assessment, course assessment, program assessment, accoun-

tability, testing 
 

1.  INTRODUCTION 

Assessment of learning is the most important 
factor affecting learning outcomes, and even 

influences teaching and learning activities 

themselves (Biggs, 2003). Increasingly, as-
sessment is presented as part of a cycle 
(AACSB, 2009; ABET, 1998). Unfortunately, a 
frequent focus of discussion is not about realiz-
ing the benefits of learning assessment, but on 
problems associated with the measuring 
process. One of these areas of criticism con-

cerns the use of Multiple Choice (MC) tests. 
Criticism occurs in a wide variety of education-
al processes: graduation from high school 
(Amrein & Berliner, 2003), admissions to un-

dergraduate school (Hoover, 2008b), deter-
mining eligibility for merit awards (Hoover, 
2008a), and graduate admissions (Curry, 
2001). Nevertheless, MC tests are the tools of 

choice in standardized testing. They are easy 
to score, not prone to disagreement between 
raters, and inexpensive to administer. 

At the national level, the No Child Left Behind 
Act of 2001 is the best-known example of 
standards-based educational reform, the at-
tempt to improve educational outcomes by 

requiring states to set standards and measura-
ble goals in secondary education (ED.GOV, no 
date). Until now, higher education has not 
been faced with mandatory standardized out-
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comes assessment. The current practice does 
involve voluntary assessment at multiple le-
vels, usually mandated by accrediting agen-
cies. Universities may be required to submit 

reports to maintain accreditation with regional 
or national accrediting agencies recognized by 
the Department of Education (ED.GOV, 2010). 
Universities join alliances such as the Voluntary 
System of Accountability (ETS, 2008) in  order 
to meet their assessment needs. Business 
schools may be accredited by AACSB (AACSB, 

2009) or ACBSP (ACBSP, 2010), and Informa-
tion Systems departments may be accredited 
by ABET (ABET, 1998).  Business schools fre-
quently use the services of third parties, such 

as ETS (Educational Testing Service, 2009) 
with its Major Field Tests , and departments 

can use more specialized tests such as the ISA 
exam offered by the Institute for Certification 
of Computing Professionals (ICCP, 2001). In 
other words, a multitude of agencies and insti-
tutions now expect outcomes assessment to be 
performed; and assessment takes place at 
many different levels. 

One reason for this focus on assessment as an 
instrument of demonstrating “added value” is 
the potential financial consequence of failure to 
improve learning. The National Commission on 
Accountability in Higher Education has already 

advocated budget allocations to stimulate per-
formance in its report “Accountability for better 

results: A national imperative for higher educa-
tion” (National Commission on Accountability in 
Higher Education, 2005). Assessment projects 
take place at the international level. The As-
sessment of Higher Education Learning Out-
comes (AHELO) project of the Organisation for 

Economic Cooperation and Development 
(OECD) aims to measure learning on a global 
scale (Lederman, 2010). Despite all this focus 
on outcomes assessment as a tool for educa-
tional improvement, however, a survey of the 
National Institute for Learning Outcomes As-
sessment reported that the main use of as-

sessment is the fulfillment of accreditation re-

quirements (Hebel, 2009). This paper is orga-
nized as follows. Part 2 presents past efforts in 
our department to use MC tests in pretest-post 
test format. Next, we discuss how randomly 
selected test items in any format can be used 
to assess learning for the class as a whole, ra-

ther than as the aggregate for all students in 
the class. Part 4 describes the results for one 
of the classes in which we have used this as-
sessment methodology. The paper concludes 
with conclusions and recommendations. 

2.  ASSESSMENT OF LEARNING IN HIGHER 
EDUCATION 

In secondary education, outcomes assessment 
is predominantly performed using MC tests. In 

contrast, in higher education, a variety of in-
struments are used. In general, evaluation in-
struments can be classified as direct methods 
where students demonstrate learning, and in-
direct methods, which rely on review of docu-
ments or on the subjective opinions of other 
individuals. White (2007) lists as the most 

common types of instruments: archival 
records, behavioral observations, exit inter-
views, external examiners, focus groups, local-

ly developed exams, oral exams, performance 
appraisal, portfolios, surveys and question-
naires, and simulations. Even standardized 

tests can be developed by educators them-
selves. An example is the IS CORE examina-
tion, administered by the ICCP (ICCP, 2001).   

The Information Systems and Technology De-
partment (IST) at Northeastern State Universi-
ty has used objectively scored pretest/post-
tests in MC format for course assessment in 

larger service courses for several years. Some 
of the problems that surfaced in using this ap-
proach include the difficulty using proper sta-
tistical methods, limited test-taking time lead-
ing to rushed answering, and the development 

of good MC tests is very difficult.  

When comparing the results of the pretest and 

the post-test, the general practice is compar-
ing the means of the tests with a t-test. Not 
only may this violate the assumption of equal 
variances, but moreover, the assumption of 
independent samples is not met. There is sig-
nificant overlap between the class before and 

after, but students who drop the class and stu-
dents who come in late and miss the pretest 
cause the overlap to be only partial. Statistical-
ly, a  more appropriate solution is to use 
matched pairs (Keller & Warrack, 1999). How-
ever, the results are biased because some stu-
dents, presumably the poorer students, drop 

the class. The reduced sample number also 
increases the standard deviation and may 
cause the means to be not statistically differ-
ent. 

Another problem encountered was the limited 
time to take the tests. Since some classes only 
have 50 minutes scheduled, students frequent-

ly rushed through the latter part of the test to 
finish all answers. This could clearly be seen in 
the analysis of the results, where answers 
showed more a random pattern and the aver-
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age score on a question dropped. The problem 
of limited time was increased because by their 
very nature, MC tests produce scores of 25% 
when taken completely randomly (assuming 

four answers per question). 

Finally, we found that while MC questions ap-
propriately measure cognitive levels of know-
ledge and comprehension, it was much more 
difficult to measure at the application, analysis, 
synthesis, and evaluation levels as identified 
by Bloom (1956). Testing at these higher le-

vels is better done using tests other than MC 
format. 

The single strength of our approach however, 

is the provision of a baseline. Whereas exit-
only testing can be skewed by prior expe-
rience, prior knowledge, and prior skills, re-

peated tests before and after more clearly 
demonstrate the effects of the course or the 
program in between. This is not absolute, since 
the results can be influenced by effects of 
learning the test, however minute. To control 
for these effects, control groups can be used  
(Figure 1); additional groups may be needed to 

measure the effect of repeated testing (Figure 
2) (Asynchronous Learning Networks, 2001) . 
Finally, repeated testing with identical tests 
creates the risk of security breaches (e.g. 
Faulkender et al., 1994). 

 
Figure 1 - Use of control groups 

All educational testing, whether with baseline 
testing or without, has one thing in common: 
testing is done on an individual student basis. 

This may be necessary for assigning grades or 
for pass/fail decisions, but course and program 
assessment is essentially an evaluation of the 

performance of groups rather than individuals 
in the group. Instruction is to the group, and 
individuals are tested with the identical tools. 
The next section presents an approach that 

allows assessment of learning at the group 
level through pooling of randomly created tests 
from a larger test pool in a pretest/post-test 
design. 

 

 
Figure 2 - Solomon four-group design 

3.  POOLED RANDOMIZED TESTING 

In this new testing design, individual students 
in the group (class, major, program, universi-
ty) take tests created using random selection 
of items from a larger test pool. Depending on 
the size of the group, the number of items 
used for a student can be larger or smaller in 
relation to the size of the test pool. Larger 

groups require fewer items or the pool can be 
larger, or a combination of both. Smaller 
groups require more items or a smaller test 
pool, or a combination. The issue is one of dis-
tribution of test items over the group. Ideally, 
all items will be equally represented over the 

whole group. Of course, this is seldom true.  

However, the probability that each test item 
will be used at least once in the group can be 
easily calculated with probability theory. Let S 
be the number of students, I the number of 
items in the pool, and n the number of items 
selected for each student. The probability that 

a student does not have an item selected is 
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Using these formulas, test creators can decide 

on the size of the test pool to be developed 
and the number of items to be selected since 
the number of students S is a given (the num-
ber of students in the class at the time of the 
pretest). Different test developers can deter-
mine their own norms, but we decided to use a 
cutoff for the probability of test items not se-

lected to be less than .05 . This is an arbitrary 
level, but has the precedence of being used for 
statistical use. We also consider overlap be-
tween pretest and post-test for individual stu-
dents, but will not address this issue due to 
space limitations. The interested reader is re-
ferred to Kwok (2010). 

For the purpose of this research, the actual 
test items can take any form. Test creators can 
use MC questions, use essay questions, require 
students to demonstrate a skill, and even a 
combination of formats within the same group 
assessment. Since only a selected number of 

items from the larger pool is used for each 
student, there is sufficient time to complete 

tests that do not rely only on MC format.  

 

 

 

 

 

 

 

 

 

 
 

Figure 3 - Paired t-tests 

Analysis for both pretest and post-test is done 
at the group level. Rather than comparing 
paired scores for individual students or the av-

erage scores for pretest and post-test, the 
scores for all students on a test are added. The 
group score on the pretest and the group score 
on the post-test are compared. This essentially 
creates a sample of one (1). The traditional 

approaches of paired t-tests and t-tests of 
groups are shown in Error! Reference source 
not found. and Error! Reference source not 
found.. Students marked with a red circle are 

not included in the analysis, D indicates stu-
dents who drop the class, and L indicates stu-
dents who register late and miss the pretest. 
The bias caused by excluding students in the 
first case, and the violation of the assumption 
of independent samples in the second, are evi-
dent. 

 

 

 

 

 

 

 

 

 
Figure 4 - T-test of groups 

In our new testing design, students who regis-

ter late are assigned a zero score on the pret-
est and students who drop the class are as-

signed a zero on the post-test. This assumes 
that the number of students dropping the class 
exceeds the number registering late, but it 
does create equal samples before and after 

without introducing bias by excluding poor stu-
dents. An even more conservative approach 
can be used by including the students who 
drop with a zero score on the post-test, but 
excluding the post-test scores of the students 
registering late. If the sum of scores on the 
pretest still exceeds the sum on the post-test, 

improvement of performance is amply demon-
strated.  

One crucial element is the proper formulation 
of test pool items. If students can score suffi-

ciently high on the pretest due to prior skills or 
prior knowledge, the combined scores on the 
post-test may well be lower than the pretest 

due to sheer force of numbers. Ideally, test 
items in the pool are sufficiently difficult that 
no students can do them at the time of the 
pretest, and the instruction targeted and effec-
tive enough to allow students to score high on 
the post-test. We accomplish this by basing 

items in the test pool on the course goals, and 
by focusing on achieving the course objectives 
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in class – something which should be done in 
any case. Currently, we have piloted this ap-
proach in Information Systems (IS), Finance, 
and Management classes. In the following sec-

tion, we will describe how this approach has 
worked in one IS class, IS4213 – Systems De-
sign.  

 
 
 

 

 

4.  APPLICATION 

In the IST department, Systems Analysis and 
Systems Design are separate courses. Whereas 
Systems Analysis focuses on analyzing busi-
ness requirements and logical modeling, the 
Systems Design class focuses on physical 

models and implementation. Course objectives 
for the course are as follows: 

1. Students can use forms, reports, and 
other sources to create ERDs (Entity Rela-
tionship Diagrams).  
2. Students can use simple data integrity 
controls  

3. Students can design forms , reports, 
interfaces, dialogues , screens, network di-
agrams  

4. Students can develop a simple test 
plan  
5. Students can create user documenta-
tion 

Based on the course objectives, the test items 
in   

Figure 5 - Pooling of scores - regular 

Figure 6 - Pooling of scores - conservative 
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Table 1 were developed.  

The Design class is a senior level class, and 
students have to pass Systems Analysis as a 
prerequisite. Consequently, the class is taken 
mostly by IS majors. The class size is usually 
limited, and we therefore determined to use 
three items per student from a pool of nine 
items. This is a relatively small number due to 

the limited class size and using tasks for test-
ing. In other classes, we have used 40 to 100 
items. With an enrollment of 18 students (one 
registered late), we calculated the probability 
that each item would be selected at least once 
as 99.93% and that it would be selected at 

least twice as 88.82%. For the post-test, we 

used all nine items for the final exam but only 
used the first three as post-test. Neither the 
pretest nor the final exam was a timed test, 
and the items were randomly selected using 
the “random block” feature on Blackboard. 

Not all students ended up taking the pretest. 

The course is an internet course, and some 
students tend to start late due to procrastina-
tion. From the eventual 19 students we used 
12 students who did either the pretest or the 
post-test, or both. Since the number of drop-
ping students (7) far exceeded the number of 
late registrants (1), we considered this justi-

fied. The number of students dropping was 

significantly higher than in other years, and 
should not be considered to be a normal condi-
tion. Students were cautioned that the pretest 
was a reflection of the level of performance 
expected at the end of the course, and that 
anything in the pretest was going to be taught 

during the semester. The rigor of the test, 
based on the principle that students should not 
be able to do the test before, and all students 
should be able to do it afterward, is reflected in 
the lack of file submissions on the pretest 
(marked in red in Appendix 1). One student 

wrote in the Word file to be submitted “I have 
no idea how to do this” (student02, item 4). 
Five students opened the pretest but did not 

submit any files at all. When asked for the rea-
son, they indicated that they did not think that 
they would get any points for their answers 
anyway.   
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Table 1 - Test items 

 Item description Deliverable 

1 Use screen shots of input 
forms and reports to 
create an ERD of the un-
derlying database 

Visio 2007 
ERD 

2 Use a description of a sys-
tem to create a logical 
database design in third 
normal form with all keys 

Word file with 
description in 
3NF 

3 Use an existing database 

to create proper integrity 
constraints in the data-
base tables 

Word file with 

list of con-
straints and 
database with 
constraints 
implemented 

4 Use an existing database 
with only tables to con-
struct input forms for all 
tables 

Visio 2007 
Windows XP 
User Interfac-
es 

5 Use an existing database 
to create specific detail 

reports and summary re-
ports 

Visio 2007 
Windows XP 

User Interfac-
es 

6 Use the dashboard in an 

existing database to 
create a diagram of the 

dialogue flow 

Visio 2007 

Flow Diagram 

7 Use a case description to 
create a network diagram 

Visio 2007 
Network Dia-
gram 

8 Use an existing database 

with integrity constraints 
to create a test plan 

Word file with 

test plan 

9 Use an existing document 
in plain text to format a 
user manual 

Formatted 
Word 2007 
file 

Another observation on the pretest was the 

submission of the wrong files or the wrong dia-
grams. For instance, an ERD might be submit-
ted instead of a flow diagram (student12, item 
6). On the final exam (and consequently the 
post-test), two students used the “Save” but-

ton instead of the “Submit” button, and conse-
quently files were not available for grading. 
Both had been doing very poorly submitting 
any work in the course, were assigned zero 
points for the post test, and included in the 
analysis. 

The results are listed in Appendix 1. Even 
though a significant number of students (7) 
dropped the class, the improvement in group 
score was significant from 28 to 128. The post-

test average score per item was relatively low 
(3.6/10) due to the high number of students 
dropping the class, however. The average 
score on the test items also indicated that all 
test items improved over the course, as dem-
onstrated in Appendix 2. The same appendix 
demonstrates that even though not all items 

were selected an equal number of times, all 
were represented both in the pretest and the 
post-test (range: 1-5).  

5.  CONCLUSIONS 

Based on the results with a relatively small 
number of students, our new approach of using 

a small number of randomly selected test 
items from a larger pool appears to work well. 
In several courses, distribution of the test 
items has been as expected – not exactly equal 
but all items in the pool were used in the class. 
Despite several handicapping factors (students 
dropping the class, small class size, and stu-

dents missing points on the post-test), the 
combined score for the class still improved sig-
nificantly. As expected, the use of non-MC test 
items has significantly improved the face valid-
ity of the assessment instrument, and we can 

test at a higher level of Bloom’s cognitive le-
vels: application and analysis. With larger 

classes and fewer items, we may be able to 
test at even higher levels. 
We are currently working on a more detailed 
description of our approach and the underlying 
statistical principles. This includes, but is not 
limited to, a more complete description of the 

generation of test items based on course ob-
jectives (and program objectives), differences 
between our approach and Computer Adaptive 
Testing (CAT), segmentation of test items 
based on course objectives in analysis, mixing 
items of varying difficulty levels, and mixing 
items of different types within the same test 

pool. Moreover, expanding the use of the ap-
proach to the major (IS, FIN, MGMT, and oth-
er) level will be pursued. The results we ob-
tained in the spring 2010 semester will be pre-
sented at other conferences within our discip-
lines, and published in journals within our re-
spective disciplines.  
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Appendix 1. 
 

Grade

student01 F

student02 9 3 4 6 0 0 6 4 5 1 7 0 B

student03 5 6 4 2 3 2 6 8 4 8 8 7 A

student04 F

student05 W

student06 5 7 8 0 0 0 0 0 0 W

student07 0 0 0 1 9 3 8 7 8 C

student08 1 5 9 0 0 0 7 1 8 0 0 0 F

student09 3 2 6 0 0 0 0 0 0 W

student10 W

student11 4 6 7 0 0 0 7 8 9 0 0 0 F

student12 5 8 6 0 0 1 5 4 3 3 2 4 A

student13 F

student14 W

student15 8 7 4 6 3 1 3 2 4 9 10 9 A

student16 5 3 8 2 2 0 7 3 6 6 8 4 A

student17 W

student18 6 1 4 0 0 0 0 0 0 W

student19 8 1 3 0 0 0 5 3 6 7 6 6 A

28 128

0.8 3.6Avg/item Avg/item

pretest items pretest scores post test items post test score

Total Points Total Points
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Appendix 2 
 

item # avg item # avg

1 3 0.0 1 2 4.0

2 1 0.0 2 1 10.0

3 4 0.5 3 5 7.0

4 5 0.6 4 4 6.3

5 5 0.8 5 3 3.3

6 5 0.8 6 4 4.8

7 3 1.0 7 3 2.0

8 5 1.2 8 3 2.7

9 2 3.0 9 2 3.5

avg 3.7 0.8 avg 3.0 3.6

Pretest Post-test

 


