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Did Human Biology students use, recommend and benefit
from computer-based assessment?

Frank Gemmiti
University of New South Wales, Australia
fgemmiti @anhb.uwa.edu.au

Abstract: Computer-based formative and summative assessment is becoming more
widespread in higher education. However, implementation of computer-based assessment
must be followed by an evaluation of staff intentions. In 2002, staff of a dual-semester, first-
year, Human Biology unit at The University of Western Australia first implemented computer-
based practice quizzes and graded tests. Evaluation of the computer-based assessment system
involved two methods. First, a student questionnaire administered in semester two elicited
information about awareness, use and opinion of the semester-one practice quizzes and
graded tests. Next, statistical investigations were conducted into whether increased use of
practice quizzes improved graded-test performance and whether increased use of practice
quizzes and graded testsincreased general -unit performance. All respondents were awar e of
the practice quizzes and graded tests and almost all respondents used and recommended the
practice quizzes and graded tests. Some respondents suggested minor improvements to the
computer-based system. Increased use of practice quizzes was associated with better
performance on graded tests, despite general-unit performance. Although an association
existed between general-unit performance and use of practice quizzes and graded tests, the
nature of the association was inconclusive. Further analysisisrequired to confirmthe
association between use of practice quizzes and graded-test performance and the nature of
the association between general-unit performance and use of practice quizzes and graded
tests.
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Introduction

Increasing use of computer-based assessment in higher education reflects increasing student-
staff ratios and the potential of advancing technology to extend assessment methods
(Thelwall, 2000). Computer-based methods have been used for formative assessment to
promote learning and for summative assessment to grade performance (Dalziel, 2001). There
are many possible advartages of using computer software for formative and summeative
assessment (Charman, 1999). Through automatic generation of multiple versions of atest on
the same subject, students can undergo repeated practice quizzes or can take open-access
graded tests with little opportunity to copy answers from others. Immediate feedback to
students enables the alteration of an activity once performed, thereby preserving the link
between action and reaction. Results become available to staff once students have logged out,
making administration efficient. The removal of biases in staff judgement improves equity of



assessment. Individual learning styles can be accommodated by various computer facilities,
such as graphics, sound or animation. Independent learning is encouraged by the flexibility of
online access.

Cross-disciplinary evidence suggests that students favour computer-based assessment (e.g.,
Bull and Hesketh, 2001; Dalziel and Gazzard, 1999; Proctor and Donoghue, 1996; Sambell,
Sambell & Sexton, 1999), even where computers are not a regular component of learning
(Pritchett & Zakrzewski, 1996) and increased use of computer-based practice quizzes
improves performance on computer-based graded tests (Sly & Rennie, 1999; Sly & Stace,
1999), despite general ability (Sly & Western, 1998). There has been concern about the
capacity of simple, computer-based tests to foster higher-order thinking (Laurillard, 1993, p.
153), the mismatch between computer-based continuous assessment and pencil-to-paper fina
examinations, unequal familiarity with computers among students, technical difficulties with
a computer system, the degree of feedback provided by a programme and the opportunity for
students to confer on answers when taking an openaccess graded test (Harvey & Mogey,
1999). True validity and reliability of computer-based assessment are difficult to evaluate
because establishing what is assessed (validity) and how consistent the assessment
(reliability) is requires many subjects, investigators and settings (Perkin, 1999). However,
given the possible advantages and disadvantages of computer-based assessment, the intended
effects on students must be evaluated as soon as possible (Bull, 1994).

Computer-based assessment in a first-year Human Biology unit

In 2002, staff of a dual-semester, first-year Human Biology unit at The University of Western
Australia first implemented computer-based, formative and summative assessments. A
practice quiz and a graded test were available on computer for each of six topics during each
semester. Staff intentions for the practice quizzes and graded tests were as follows:

1) To have students undertake continuous assessment of basic knowledge

2) To provide students with a positive experience of continuous assessment

3) To have practice quizzes improve graded-test performance

4) To have practice quizzes and graded tests improve general- unit performance

The author of this paper had an opportunity to evaluate the practice quizzes and graded tests
at atime when students were accessible. This paper details the evaluation of the practice
quizzes and graded tests implemented in semester one of 2002, according to staff intentions.

Materials and methods of evaluation

Practice quizzes and graded tests

The practice quizzes and graded tests were composed of multiple-choice questions. A
guestion was set when four knowledge statements became combined under a stem of “Which
statement is CORRECT?’, “Which statement is INCORRECT?’ or “Identify the structure
labelled A”. Only one of four knowledge statements was the answer to a stem. A student was
required to click on aradio button beside the chosen statement (see Figure 1). The six topics
in order of availability were “evolution”, “cells, cell division & protein synthesis’, “genetics’,
“tissues, skin & anatomy”, “reproduction and embryology” and “hominid evolution and
primates’. Questions for each topic were composed from random permutations of hundreds of
relevant knowledge statements. Students could practise unlimited questions without atime
restriction for each practice quiz but could answer only 15 questions within 15 minutes for
each graded test. Questions for each graded test were composed from the same bank of
knowledge statements as the corresponding practice quiz. An answer to a practice-quiz



question prompted feedback in the form of “right” or “wrong” unlike an answer to a graded-
test question. An answer to a graded-test question was immutable once selected. Students
received a percentage grade once

Which statement is CORRECT ?

Inborn errors of metabolism are usually rare, but in
1 afew years some will become common because of
successful treatment

S

Alkaptonuria occurs with a frequency of about
1/100 Europeans

Amniocentesis involves taking a small sample of
foetal cells

4 Inborn errors of metabolism are always rare o

questions set: 8 % correct: 57 w

Figure 1. A computer-based multiple-choice question

all 15 questions to a graded test were answered or once 15 minutes expired. All graded tests
contributed five percent to the annual grade of a student. Graded tests were available for a
finite period each semester: Closing dates occurred at least two weeks after the relevant
lectures and tutorial. The practice quizzes and graded tests could be attempted only from a
computer terminal in a video- monitored computer room on campus.

Subjects and data collection

During tutoria classes in semester two, 2002, students were given a questionnaire designed to
elicit information about awareness, use and opinion of the semester-one practice quizzes and
graded tests. Each student was requested to provide a persona D number on the
guestionnaire so that responses could be linked to grades for statistical analysis. A space was
provided in the questionnaire for comments. All comments were paraphrased by the author of
this paper and then examined for the capacity to be arranged into categories agreed upon by
the author and two staff members.

Statistical analysis

To investigate whether use of practice quizzes improved graded-test performance, Pearson’s
correlations were conducted on average test grades compared with the number of practice
quizzes attempted and total time spent on practice quizzes. Independent relationships with
average test grade were also examined. Since the average test grade may have varied with
general-unit performance or familiarity with the conditions of graded tests, semester-one unit
grade and number of graded tests attempted were included together in a multivariate analysis
with the number of practice quizzes attempted and the total time spent on practice quizzes.
The contribution of all graded tests to the semester-one unit grade was removed to avoid
double counting. To investigate whether more time spent on a practice quiz improved
performance on the corresponding graded test, ANOV As were conducted for each topic using
Bonferroni, post hoc analyses. To investigate whether use of practice quizzes and graded tests
improved general- unit performance, Pearson’s correlations were conducted on the semester-
one unit grade compared with the average test grade, number of graded tests attempted,



number of practice quizzes attempted and total time spent on practice quizzes. As with the
average test grade, independent relationships with the semester-one unit grade were also
examined. All variables were investigated for relationships with the semester-one unit grade
using a Pearson correlation and included together in a multivariate analysis. Pearson’s
correlations were two-tailed since the study was exploratory. Percentage variables were
arcsine transformed and multiple linear regression was used for multivariate analyses since al
independent variables were continuous (Sokal & Rohlf, 1981, pp. 158, 427-28, 459-60). Only
guestionnaire respondents were included in statistical analyses.

Results

Student awareness and use of practice quizzes and graded tests

All questionnaire respondents (381) were aware of the practice quizzes and graded tests.
Respondents became aware in two main ways: at a lecture (40% of 380 respondents) and at a
tutorial (36.6%). Other respondents became aware via the tutorial manual (15.5%), a friend
(4.5%), the unit web site (3.2%) or the unit notice board (0.3%). Most respondents attempted
all practice quizzes (81% of 379 respondents). The most common reason that respondents
cited for missing any practice quiz was “no time” (64.8% of 125 reasons); other reasons were
“probably unhelpful” (8.8%), “computer trouble” (7.2%), “inconvenience” (6.4%), “ unaware”
(5.6%), “disinclination” (3.2%), “forgot” (2.4%) and “incapacity” (0.8%). Most of the 508
enrolled students attempted all graded tests (68.3%). The most common reason that
respondents cited for missing any graded test was, as with practice quizzes, “no time” (47.9%
of 119 reasons); other reasons were “forgot” (13.4%), “inconvenience” (10.9%), “unaware’
(7.6%), “computer trouble” (7.6%), “personal mistake” (5.0%), “incapacity” (2.5%) and
“disinclination” (1.7%).

Student opinion of practice quizzes and graded tests

Almost all respondents regarded the practice quizzes as “very useful” (78.7% of 380
respondents) or “useful’ (17.6%) for the graded tests. Most respondents regarded the practice
quizzes and graded tests as “useful” (43.4% of 380 respondents) or “very useful” (34.7%) for
the final exams. Almost all respondents would give a recommendation for the practice quizzes
and graded tests to future students in the unit (94.5% of 380 respondents).

Comments covered five main areas. There were comments on the computer interface for the
practice quizzes and graded tests, such as the design of questions (“Format”). There were
comments on how the practice quizzes and graded tests were run in the unit, such as the
suitability of graded-test closing dates (“ Operation”). There were comments on the perceived
learning benefit from attempting the practice quizzes and graded tests, such as the directive
force on study (“Learning Value’). There were requests for extensions to the practice quizzes
and graded tests, such as a mixed-topic practice quiz and graded test (“Extension”). There
were comments about the existence of the practice quizzes and graded tests (“ Philosophy”).
Table 1 shows the five areas and associated comments.

Did use of practice quizzes improve graded-test performance?

Average test grade increased as more practice quizzes were attempted (r = 0.426, p < 0.001, n
= 379) and as more time was spent on practice quizzes overal (r = 0.568, p < 0.001, n = 362).
Independent correlates of average test grade were (1) semester-one unit grade (B = 0.802, p <
0.001), (2) number of graded tests attempted (B = 0.129, p < 0.001) and (3) total time spent
on practice quizzes (B = 0.035, p < 0.001), having explained about 80 percent of the variance.



As more time was spent on a practice quiz for all topics, performance on the corresponding
graded test increased. All ANOV As were significant beyond the one-percent level. Post hoc
analyses revealed that for all topics, respondents who spent more than one hour on the
practice quiz gained a higher grade on the corresponding graded test than respondents who
spent less than 40 minutes. Figure 2 shows ANOVA results for the “evolution” topic.

Table 1. Comments on practice quizzes and graded tests (numbers in parentheses succeeding
each comment indicate the number of respondents that made the comment)

Format

Want to know the correct graded-test answers (8)
Some items were confusing (6)

“Choose the correct/incorrect statement” was bad (6)
Sometimes the answers were ambiguous, e.g.
labelling on reproductive system diagrams (5)
Would benefit from an explanation of the incorrect
answer (4)

Should be able to change graded-test answers before
submitting (3)

Separate topics per practice quizwas useful (2)
Keep difficulty of graded tests constant (2)

“Choose correct/incorrect statement” was good (1)
Some grammatical flaws (1)

Graded-test time limit was stressful (1)

Include more diagrams (1)

Confusing to have multiple subtopics per graded test

@

Operation

Some questions were succeeded by/not covered
in the relevant lecture/tutorial (15)

Compuiter troubles, e.g. Internet downtime (5)
The last graded test should be due well before
the exams (5)

Graded tests should be available for longer than
four weeks (3)

Should be able to do the practice quizzes and
graded tests outside the computer room (3)
Group work was unchecked (2)

Closing dates rushed learning progress (2)
Should allow extension times for ill students (1)
Sometimes the closing dates were scheduled
too long after the relevant lectures (1)

Noisy computer room was disruptive (1)

Learning Value

Motivated revision (16)

Facilitated exam revision (10)

Provided feedback on progress (7)

Graded tests were harder than/different from practice
quizzes (6)

Directed study (5)

Practice quizzes were useful for the graded tests (3)
Repeated choices endorsed recall rather than
understanding (3)

Generally helpful (3)

Preview of MCQ exam (2)

Multiple-choice graded testing is ineffective (1)
Graded testswere easier than the MCQ final exam (1)

Extension

Graded-test closing dates should be announced
each week at the tutorial and lectures (4)
Introduce short-answer practice quizzes and
graded tests (2)

Introduce a practice quiz and graded test that
includes all the topics from the existing six
practice quizzes and graded tests (1)

More graded tests wanted (1)

Should suggest related textbook chapters (1)
MCQ exam should be on computer also (1)

Philosophy

Graded tests should contribute more to overall grade (5)

Easy marks (1)

Graded tests even out student performance by lifting some weight off the final exams (1)

Did use of practice quizzes and graded tests improve general-unit performance?
Semester-one unit grade increased with an increase in average test grade (r = 0.658, p < 0.001,
n = 381), number of graded tests attempted (r = 0.365, p < 0.001, n = 381), number of practice
quizzes attempted (r = 0.211, p < 0.001, n = 379) and total time spent on practice quizzes (r =
0.297, p < 0.001, n = 362). Indeperdent correlates of semester-one unit grade were average
test grade (B = 0.464, p < 0.001), number of graded tests attempted (B = -0.038, p < 0.001)
and total time spent on practice quizzes (B = -0.033, p = 0.005), having explained about 47%
of the variance. Negative beta coefficients for the number of graded tests attempted and the



total time spent on practice quizzes indicate a negative correlation with the semester-one unit
grade. Since al Pearson’s correlations were positive, negative beta coefficients were
contradictory. However, once the multivariate analysis was re-executed without average test
grade, the number of graded tests attempted and total time spent on practice quizzes remained
independent correlates of the semester-one unit grade but with positive beta coefficients (B =
0.035, p < 0.001 and B = 0.012, p = 0.001, respectively). Hence, whatever factor(s) other than
practice quizzes

= 15 - cefg
o %
= 1.4 A bdg
: T 1
S () 1.3 1
27 | abc  _de I
EJ\ (D ’ 1]
(9] oot th -
N O
B 1.0 1
+ S
c 9 T T
8 N 16 63 N 90 79 944
[ 2 N
b DN S ) 2, 2
% £Y 7% % %
%, (fv% Qf"\\;
5, 7% %
Time Spent on “evolution” Practice Quiz

Figure 2. Mean (+- 2 SE) “evolution” test grade by time spent on “evolution” practice quiz
(ANOVA, p < 0.001). Same letters indicate a significant mean difference. Test grade is arcsine
transformed.

that contributed to the average test grade overrode the relationship between the semester-one
unit grade and the use of practice quizzes and graded tests. If general ability was an overriding
factor, an effect of the practice quizzes and graded tests on the semester-one unit grade might
have manifested for respondents who performed the least well on graded tests. A multivariate
analysis was re-executed with the same variables as the original analysis and selection of only
the lower third of average test grades. However, total time spent on practice quizzes was not
an independent correlate of semester-one unit grade and the number of graded tests attempted
had a negative beta coefficient asin the original analysis (B = -0.037, p = 0.013).

Discussion

The present evaluation of computer-based practice quizzes and graded tests implemented in a
first-year, Human Biology unit at The University of Western Australia provided valuable
information about the impact of computer-based assessment on students. Advertisement of the
practice quizzes and graded tests was most effective at lectures and tutorials, each a face-to-
face medium. Most respondents attempted all practice quizzes and graded tests, consistent
with the proportion of students that have used computer-based assessment in other disciplines,
such as biology (Peat, 1996) or mathematics (Beevers, McGuire, Stirling & Wild, 1995).
Frequent reminders from lecturers and tutors could augment student use of computer-based
assessment since some respondents commented that an announcement of each graded-test
closing date should be made at lectures and tutorials each week and the most common reason
that respondents cited for missing a practice quiz or graded test was “no time”.



Almost all respondents endorsed the practice quizzes and graded tests, as was reinforced by
the most frequent comment that revision was inspired. Overall, student opinion of the practice
guizzes and graded tests corroborated student opinion of computer-based assessment in other
disciplines, such as electronic engineering (Sambell, Sambell & Sexton, 1999) or geography
(Proctor & Donoghue, 1996). The second most frequent comment was that some questions
were followed by or not covered in the relevant lecture or tutorial. However, closing dates for
all graded tests followed the relevant lecture and tutorial by at least two weeks and lecturers
constructed knowledge statements in reference to unit material. Some respondents made three
comments indicating a desire for assessment of higher-order thinking. The comments were
that repeated choices endorsed recall rather than understanding, short-answer questions should
be introduced and multiple-choice questions were ineffective. Although the practice quizzes
and graded tests were designed to assess knowledge rather than higher-order thinking, the
three comments prompted staff to consider implementing computer software for assessing
short-answer questions, such as E-rater or C-rater (Burstein, Leacock & Schwartz, 2001).
However, traditional assessment methods should be implemented where computer software
limits staff intentions (Bocij & Greasley, 1999).

Some existing concerns over computer-based assessment (Harvey & Mogey, 1999) were
supported to a small extent. Two respondents commented that group-work was unchecked,
indicating that some students may have collaborated on graded tests. The potential for student
collaboration is not eliminated with the provision of randomised, open-access, graded tests.
However, randomised tests are not identical and so student collaboration may be eliminated if,
for example, students sit supervised tests in groups of 20 staggered throughout a week
(Thelwall, 1999). Continuous supervision of computer-based graded tests would be practical
if students have a designated, computer-workshop session. Five respondents complained of
internet downtime, prompting staff to advise students to allow enough time before graded-test
closing dates in case computer troubles arise. Four respondents desired more feedback from
practice-quiz answers, other than “right” or “wrong”. Staff may want to expand the
educational use of the practice quizzes by creating multilevel feedback, a feature of
WebMCQ, an Internet-based assessment system (Dalziel & Gazzard, 1999). Multilevel
feedback may be in the form of links to information sheets, textbook references or web sites.
Only one student requested that the multiple-choice section of the final exam be computer-
based also. Hence, staff had little incentive to address the concern over having computer-
based continuous assessments but pencil-to-paper final examinations. No respondents
expressed difficulty using the computer-based assessment system. Hence, staff may assume
that prior computer experience was not an issue for students.

Severa respondents made two comments that mirrored the concern of students taking
computer-based assessment for Diagnostic Radiology at Sheffield Hallam University (Best,
2002). One comment was that the practice quizzes and graded tests should be accessible
outside the computer room and the other comment was that noise in the computer room was
disruptive. Since all graded tests were a minor component of the assessment structure for the
unit and video monitoring is inadequate for identifying students who collaborate over graded
tests in a general access, unsupervised computer room, staff should consider alowing students
external access to practice quizzes and graded tests.

Results of statistical analyses were consistent with previous evidence that increased use of
computer-based practice quizzes relates to higher performance on computer-based graded
tests (Sly & Rennie, 1999; Sy & Stace, 1999). A limitation of the present evaluation was that
ameasure of general ability external to the unit was not used. Therefore, the possibility that
more able students used practice quizzes more was not fully explored. However, a



multivariate analysis revealed that the relationship between use of practice quizzes and
graded-test performance existed despite general- unit performance and familiarity with the
conditions of graded tests. Further analysis should incorporate tertiary entrance score and/or
average grade for other units in the semester. Evidence supports the expectation that general
ability will not explain the entire relationship between use of practice quizzes and graded-test
performance. Tertiary entrance score did not correlate with use of practice quizzes among
first-year, Economics students at Curtin University (Sly & Western, 1998). In afirst- year,
mineralogy unit at Liverpool University, average performance on other units correlated better
with general- unit performance than with performance on computer-based multiple-choice
tests (Boyle, 2002). Since the relationship between use of practice quizzes and graded-test
performance existed in the present evaluation despite general- unit performance, average
performance on other units may not override the relationship. A possible factor affecting the
relationship between use of practice quizzes and graded-test performance is whether there was
intervening revision. The possible effect of intervening revision can be explored in a further
analysis since relevant information was obtained from the questionnaire.

Statistical investigations into whether use of practice quizzes and graded tests improved
general-unit performance were inconclusive. Pearson’s correlations suggested that
respondents who performed better on graded tests, attempted more graded tests and practice
guizzes and spent more time on practice quizzes overal, performed better in the unit.
However, multivariate analyses revealed that whatever factor(s) affected average test grade
reversed the association between general- unit performance and use of practice quizzes and
graded tests. Without a measure of general ability external to the unit, a question remains over
the effect of practice quizzes and graded tests on general- unit performance.

Conclusion

The present evaluation of computer-based practice quizzes and graded tests implemented in a
first-year, Human Biology unit at The University of Western Australia supported the
conclusions that al respondents were aware of the practice quizzes and graded tests, almost
all respondents used and recommended the practice quizzes and graded tests, minor
improvements to the computer-based system are warranted, increased use of the practice
guizzes seemed to have improved graded-test performance and use of the practice quizzes and
graded tests was associated with general- unit performance. Further investigation is required to
confirm the association between use of practice quizzes and graded-test performance and the
nature of the association between genera- unit performance and use of practice quizzes and
graded tests.
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