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1. Introduction

This study initially developed from the researcher’'s observations, along with those of a number of teaching
colleagues, that there were apparent differences between the observed students’ performances on the State
University Entrance Examination for Chemistry (the Victorian Certificate of Education examinations; VCE). This
examination is very high stakes as it forms the basis of selecting students for entry into tertiary courses. Students
were performing differently on the two semester examinations. Female students achieved better grades in the
second semester examination (November) whereas male students were much more successful in the first
semester examination (June). This difference was demonstrated in the grade distribution data released by the
examining authority see Figure 1 where the distribution of the A+ grade is significantly skewed in favour of male
students in both semesters though less so in semester 2.

Why should this be occurring? Were any observed differences actually significant? A number of factors were
relevant in considering this problem. Apart from the gender of the students the two other important factors were
likely to influence the performance of the students. These were: type of question, short-answer or multiple-
choice, and the content type of the question, recall or application.

The following research questions were addressed in the study:

1. Do multiple-choice or short-answer questions more positively emphasise student understanding?

2. Do students perform more effectively on recall type questions or on application questions?

3. Does students’ gender and ability influence performance in chemistry?
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Figure 1: Grade distributions for the 2005 VCE Chemistry Examinationland 2 [17]

2. Literature Perspectives

2.1 Question type and content

Multiple-choice questions generally have less scope and complexity than short-answer questions and therefore
are likely to be less difficult. This suggestion is supported in the literature [5] with the authors concluding that open
ended type questions are superior in assessing student understanding of concepts because the solution
methodology employed by the students in arriving at their answer can be examined whereas multiple-choice
question answers give no indication of how students arrived at their answer [5]. Student perceptions about
performance were also important. Students were generally more confident of their answers being correct when
answering multiple-choice questions than short-answer questions regardless of the fact that the actual
performance on the two types of questions was often almost the same. Students felt they would (or were going to)
perform better on multiple-choice tests [14].
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2.2 Gender Differences in Performance

The role of gender in chemistry performance, and other subject areas in general, has precipitated a variety of
studies over time and will no doubt continue to do so. A study by Boli, Allen and Payne [4] explored the reasons
behind the differences that were observed between the genders in undergraduate chemistry and mathematics
courses. Their exploration sought reasons behind why male students were tending to outperform the female
cohort, resulting in the suggestion that differences in mathematical ability were a very important consideration.
The most important factor, through an analysis of previous studies, was that the male students’ natural self-
confidence and belief in the importance and need for mathematics had a positive influence on male performance.
These findings with regard to mathematics can be fairly evenly transferred to the natural sciences [4]. Other than
mathematics, there appeared to be no directly gender-related reasons for the male students outperforming the
female students yet the evidence showed that this was the case. The study also showed that females were less
likely to choose mathematics and science courses at the undergraduate level, often because of lesser preparation
at the prior levels of schooling [3], [7], [16].

Many studies have agreed with the observation that male students usually outperform female students in
assessments particularly in the areas of mathematics and science. The analysis of a number of large
assessments has demonstrated that male students generally performed better than did female students [2], [11],
[13].

3. Methodology

3.1 Data Sources

The evidence was provided by the test results conducted by the researcher with 192 year 11 students from four
secondary colleges. The participation rate by the students was very good with few cases detected in the
subsequent Rasch analysis suggesting instances of students not attempting the tests in a purposeful manner.
The test results were analysed using both ANOVA and Rasch analysis. The Rasch analysis determined the
validity and unidimensionality of the trial tests and the ANOVA analysis provided summative data about the tests.

3.2 Sample testing Procedure

The researcher constructed short tests that asked essentially the same question but in both multiple-choice and
short-answer form. That is, pairs of questions were constructed so that the content loading of each was similar but
one presented as a multiple-choice question and the other as a short answer question. The student’s teachers
participated in a process of checking that the question pairs were as much as possible of equal content loading.
The equal loading of each question was later demonstrated by the excellent correlation found during the analysis
of the trial tests. The testing is a crucial part of this study as it seeks to examine an area of research that has not
been extensively studied. Whilst some researchers [1], [15], have made some assessments and conclusions
about the advantages and disadvantages of each type of question there has not been any study directed at
examining the effectiveness of each type of question in how well they assess student understanding in chemistry,
only a limited number have explored student performance where the questions are very similar in content but
framed in the two question types [8].

3.3 Results

The results from the trial test analysis involved ANOVA and Rasch analysis based on the classification of the
questions. An initial correlation analysis (plotting the item difficulty locations [logits]) importantly showed that the
premise of the trial tests, that the tests would be testing the same skills but in different formats was supported
(see Figure 2). This graph essentially showed that the easiest multiple-choice question was also the easiest short
answer question and so on. The Pearson’s r-correlation value of 0.72 supports this interpretation.

Correlation of item locations for matched questions
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Figure 2: Correlation between the difficulties of the multiple choice items and short-answer items
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The initial analysis of the trial papers was conducted using ANOVA. The result of this analysis is shown in Table
1. Summarising the trial test analysis, the differences in performance on different question types does occur even
when the questions are matched for difficulty.

Table 1: ANOVA analysis of question performance by question type and classification Chemistry trial tests

ANOVA results (N =368, df = 1)

Comparison variables Mean (%) Std.deviation. Sum of Squares F p (sig)
Multiple-choice 71.0 20.8

Short-answer 69.1 223 333.84 0.72 0.39
Application 74.8 253

Recall 66.4 228 6450.3 11.10 0.001

Question Type

The comparison of means in performance between multiple choice and short answer questions overall was small
(mean-multiple-choice=71.0, standard deviation = 20.8 and mean-short-answer = 69.1, standard deviation =
22.3). The difference was not statistically significant F (1,369) = 0.72; p > 0.05. It would thus appear that the
multiple-choice questions do not offer any particular advantage to students over short-answer.

Question Content

However, the content of the questions does raise issues. The content of the question does affect the outcome of
the response regardless of whether the question is presented as a multiple-choice or as short-answer. As
presented in Table 1, students’ performance on application questions (mean = 74.8 and standard deviation =
25.3) was surprisingly stronger than on recall questions (66.4 /22.8). The ANOVA results show a statistically
significant difference F (1,369) = 11.1; p < 0.001 in performance on recall questions compared to application
questions.

Gender Differences

Analysis showed that males performed significantly better in the examinations than did females, particularly at the
A+ end of the score range (see Figure 1). An initial analysis of the student performance in the trial tests showed
that the males again outperformed the females on the trial tests (Table 2).

The ANOVA results of the raw scores show that the males scored more highly (78.3%) than the females (68.9%)
and that difference was significant (F (1,181) = 15.9; p < 0.01). The distribution of scores in the trial tests (Figure
3) closely matches that of the VCE examination distributions (Figure 1).

Table 2: Gender differences on the trial chemistry tests (means)

Groups Count Sum Average s.d.
Male % 92 7364.2 78.3 15.8
Female % 90 6174.4 68.6 17.3
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Figure 3: Distribution of male and female scores in the Chemistry trial tests

Whilst the distribution is less uniform than the VCE distribution (the smaller sample size in the trial tests needs
would partly account for this) the significant aspects are the negative skewness and the peak in the performance
of the males compared to females in the 90 to 100% score range. This distribution demonstrates that the trial
tests are useful in that the tests appear to have reasonably mirrored the distribution of students’ abilities even
though the sample size was relatively small compared to that of the VCE examinations.

The trial tests, however, allowed a finer examination of student performance on the various category types of
question asked that was not possible on the VCE examination and was able to shed some light on where the
males were outperforming the female students. The following example analysis attempts to identify where, within
the test structure, the males performed differently to the females.

Gender and Performance: Multiple-choice and gender
The ANOVA test results show that there is a significant statistical significance (F(1,182) = 13.65; p < 0.001) in
performance on multiple-choice questions between the males and females. Male performance was better than
female performance on the multiple-choice questions as supported by the means (males) = 76.4, standard
deviation = 19.8 compared to mean (females) = 65.5/20.4. The Rasch graphical analysis difference shows,
however, that the difference is less marked when the scores are adjusted for latent student ability as measured by
RUMM2030.
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Figure 4: Multiple-choice questions showing gender difference against expected score and student ability

The graph (Figure 4) shows that the male students, within their ability ranges, find the multiple-choice questions
slightly more difficult than do the female students. In other words, in spite of the higher raw scores obtained by the
males they find them somewhat more challenging than expected. Put simply, the female students found multiple-
choice questions easier than did the male students for students of equal ability.

A significant inference is that it would appear that there may be more high ability male students than female
students in the trial test sample which could also account for the better performance of the males at the upper end
of the performance scales in the VCE examinations (see Figure 1).
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Comparisons between short answer questions, recall questions and application questions with gender all
revealed similar finding to those demonstrated in the comparison between multiple-choice and gender above [10].

4. Conclusion

The trial test analysis showed similar patterns to the VCE examinations in terms of grade distribution. However,
when gender difference analysis using RUMM2030 was performed the difference in performance was smaller.
The Rasch analysis compared student performance according to gender but allowed for student ability as
measured by the Rasch analysis. When this result was taken into account the performance by the students
differed little by gender even though the mean scores were significantly in favour of male performance. In some
instances, female performance (allowing for ability) was better than that of the male students even though the
mean scores suggested otherwise. For example, in comparing multiple-choice question performance, the mean
for males = 76.4 (s.d. = 19.8) was higher than that of the females, mean = 65.5 (s.d. = 20.4) (see Table 1).
However, when analysed using Rasch, the gender difference analysis showed that females generally performed
slightly better on multiple-choice than did males once student ability was allowed for (Figure 4).

Another important observation is implied in the trial test results. The initial findings of the trial test analysis support
the observations of other researchers [2], [6], [9], [12], in that male students achieve higher scores than do female
students (Table 1). When the performance allows for student ability however, the differences are quite small,
suggesting that perhaps the ability of the male students is (at the top end) greater than that of the female students
taking chemistry. It may well be that a greater proportion of high performing males are choosing chemistry than
are high performing females. The reasonable assumption is that significant numbers of high achieving females
are choosing to do other subjects and not chemistry. This would account for the skewed appearance of the
results. This proposition certainly warrants further investigation.

Overall, however, the clear outcome from this section of the analysis is that male students achieve higher grades
in chemistry than do female students, particularly at the top end of the grade scale.

The findings of this research show that there is not any underlying advantage of multiple-choice to short answer
questions. Performance on both is similar when the question content is similar. Performance on multiple-choice
questions was only slightly better than on short-answer even when allowances were made for the difficulty of the
items and abilities of the students. Further research with a larger, more extensive cohort is suggested to clarify
these findings.
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