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within a peer-assessment setting and whether this approach can be used as a means of improving
performance in chemical calculations. The study involved a small cohort of students, of two

levels, who carried out a simulated peer-assessment as a classroom activity and their
improvement in performance and attitude towards the activity was measured. The results
demonstrate that a simulated peer-assessment approach can be successfully used in lieu of
standard peer-assessment and that student attitudes favour the simulated approach.

Introduction

Mathematical Deficiencies Review

Mathematical proficiency is fundamental to be able to
understand and describe a plethora of scientific phenomena. The
lack of it in high school education, and its impact on science, has
been the focus of much media attention of late (Royal Society of
Chemistry, 2009a, 2012a-b); furthermore, a recent report from
SCORE (Science Community Representing Education), a
collaboration of leading science organisations, has revealed that
a significant proportion of the mathematical requirements of high
school science courses are not assessed, propagating the problem
(Science  Community Representing Education, 2010). The
importance of this has led to the development of several
initiatives by the Royal Society of Chemistry to address this
concern (Royal Society of Chemistry, 2009b-c).

Student mathematical proficiency is frequently commented on
within the field of chemistry education due to the direct impact
it has on the global curricular theme of “chemical calculations”.
It has been noted by Obande (2003) that issues that students have
in mathematics are transferred to the chemistry classroom and
with this, difficulties in chemical calculations ensue.
Furthermore, research on the difference in performance between
the genders in the area of chemical calculations has been
attributed to differing mathematical ability. Williams and
Jacobson (1990) demonstrate that there are no differences in the
achievement of boys and girls in the early years of education;
however, in the later stages, boys outperform girls in calculation
based curricular areas because of better mathematical
understanding. A study by Lazonby, Morris and Waddington
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(1982) into the impact of problem solving skills in chemistry
calculations indicates that students’ inability to perform a series
of basic mathematical operations is significantly damaging to
their overall performance. Leopold and Edgar (2008) have
similarly demonstrated the relationship between mathematical
ability and success at undergraduate level chemistry. They note
that the basic mathematical ability of non-calculator skills is
particularly important. These research findings begin to highlight
the criticality of basic mathematical proficiency.

There is an opposing camp of thought who argue that the major
contributory factor is not student mathematical ability. When
examining stoichiometric calculations, Gabel and Sherwood
(1984) commented that underachievement was linked to poor
understanding of the basic concepts of the topic. They identified
that the use of the word “mole” was a confusing factor for
students due to a lack of understanding of its meaning. A
linguistic argument was put forward by Novik and Menis (1976)
in that they identified the phonetic similarity between the word
“mole” and “molecule” or “molecular” to be a significant source
of confusion. The lack of understanding of the mole concept is
not just restricted to students; it has been suggested by
Stromdahl, Tullberg and Lybeck (1994) that through TUPAC’s
(International Union of Pure and Applied Chemistry) numerous
alterations to the definition of the mole, even scientists and
educators possess misconceptions.

Peer-Assessment Review

Peer-assessment is defined as the process of evaluating the
quality or success of the outcomes of a peer or peers (Topping
1998) and is followed by the provision of feedback (Van Den
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Berg, Admiraal and Pilot, 2006). Whilst feedback is of great
benefit to a student who wishes to improve, the evaluation
process that a student must participate in to provide feedback is
arguably the most important aspect of peer assessment. In
evaluating a peer’s work, a student is exercising the skills
required to examine their own work; peer assessment and self-
assessment are thus intrinsically linked.

There are many proponents of the importance of peer and self-
assessment. Boud (1995) and McDonald and Boud (2003, p 210)
have argued that the development of these skills is of great
importance, not just at isolated levels of a curriculum, but
throughout all stages of education. Moreover, after a thorough
review of the literature, Black and William (1998) posit that self-
assessment is “not an interesting option or luxury: it has to be
seen as essential” (p54-55). These opinions are held up in
practice: Rust et al (2003) and O’Donovan et al (2004) have
shown that students who had participated in a peer-assessment
programme at the beginning of a course of study demonstrated
an enhancement in performance over those who did not
participate.

O'Donovan, Price and Rust (2004) report that by involving
students in the marking process, they can expand the assessment
of learning into an effective learning tool and generate a
technique of assessment for learning. Peer and self-assessment
techniques thus enable a student to become more autonomous in
their learning and help to develop a student’s ability to identify
their own learning needs (Brown and Knight, 1994, Elwood and
Klenowski, 2002). The skills gained through peer and self-
assessment are therefore crucial to the developing student as only
through identifying their own learning needs can they efficiently
improve and engage fully with education. Without such skills, a
student’s attainment, in education and beyond, will suffer.
Harlen (2007) describes the necessity of a student becoming
responsible for their own learning due to the benefit it brings on
their life after school and, more broadly, society as a whole.
Crebert and O’Leary (1994) attest to the importance of peer and
self-assessment in stating that diagnosis of educational needs is
fundamental to successful lifelong learning.

The benefits of peer-assessment techniques are also appreciated
by the students receiving their education through such
techniques. Bryant and Carless (2009) investigated the views of
primary school students to peer-assessment and found that the
facility to learn from each other whilst taking responsibility for
their own work resulted in a very positive reception. The students
from this study were particularly aware of the advantages peer-
assessment brought in identifying errors they were likely to make
which could then be avoided in future exams. In a study into
perceptions of secondary school students, Peterson and Irving
(2008) discovered that students believed that the feedback
provided through peer-assessment was a motivational tool that
encouraged them to seek out new information to correct their
errors. High school students are even aware of the broader
benefits; White (2009) reports that students found peer-
assessment a positive experience due to the opportunity to
enhance skills which they believed were helpful for their future
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career. Perhaps most importantly, students find peer-assessment
fun (Peterson & Irving, 2008).

The advantages that peer assessment brings to students are both
numerous and significant; however, it has been argued that there
are some potential issues that need consideration before
implementation. A study by Wen and Tsai (2006) looked into
university students’ attitudes towards peer assessment. This
investigation revealed that students had a generally positive
attitude towards peer assessment; however, there was a lack of
self-confidence with respect to marking their classmates’ work
and, reciprocally, they were apprehensive about being criticised
by their peers. These findings are supported in a study by Karaca
(2009) into teacher trainees’ opinions of peer assessment in
which it was suggested that students might not be capable of
evaluating their peers effectively, leading to the generation of
deleterious feedback. This study also indicated that students’
evaluations could be influenced by their social relationships with
others in the class; friendly students would be prone to being too
generous with positive feedback whilst rivalries enhanced the
provision of negative feedback. A study by Ballantyne, Hughes
and Mylonas (2002) has also reported that students can be
apprehensive about peer-assessment due to it being excessively
time-consuming.

Bostock (2000) and White (2009) have further investigated the
potential problems in peer assessment. They assert that validity
and reliability of assessment by students may be an issue as the
feedback provided may not be accurate or valuable and even that
students may not take the assessment process seriously.
Moreover, they agree with Karaca (2009) that students may not
be qualified enough to be able to evaluate each other and that
students may be influenced by friendships and solidarity among
themselves. Bostock (2000) and White (2009) also note that the
lack of teacher input to the evaluation process may lead to
students providing mis-information.

It has been found by Bryant and Carless (2009) that a
student’s perception of peer assessment can differ depending on
their language proficiency and that of their peer. Those students
who were assessed by peers with greater language proficiency
commented that it was difficult to assess their peer’s work due to
the ability difference; contrariwise, more able students found that
their peers could not provide useful feedback. Teachers were
identified as a more reliable source of feedback.

The Purpose of This Study

This study aimed to investigate a method of utilising a peer-
assessment method to improve high school student performance
in chemistry calculations. The chemistry calculations that have
been chosen are those expected from candidates sitting
Chemistry courses at the National 5 and Higher levels of the
Scottish education system. It is the author’s view that one of the
main factors affecting performance in these calculations is the
poor mathematical ability of students (Scott, 2012); however,
methods are sought to ameliorate this problem that can be
utilised in a chemistry classroom. Completion of a calculation
based peer-assessment activity was thought to be an appropriate
method to improve student performance. In an effort to reduce
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the negative aspects of peer-assessment, this study explores the
use of a simulated peer-assessment design. In this guise, the
students are provided with an example of an incorrect solution to
a question and their goal is to analyse and provide feedback.
Through removing the students’ own work from the assessment
proceedings, the negative aspects such as apprehension about
being criticised; provision of deleterious feedback; influence of
social relationships; and, differing peer abilities should be
removed. The simulated design is not thought to detract from the
positive aspects of peer-assessment as it still allows for the
students to participate in the evaluation process.

Research Questions

The purpose of this study was to utilise a mixed-methods
research design to examine the usefulness of a simulated peer-
assessment activity in improving student ability in high school
chemical calculations. Three research questions were identified:

(1) Does participation in the simulated peer-assessment activity
increase student performance in basic chemical calculations?

(2) Would students’ attitudes to the activity be different if the
activity was not simulated but instead a straightforward peer-
assessment?

Research Methodology

Activity Design

Two activities, similar in design, were developed. One for use
with students sitting the National 5 Chemistry course and one for
those sitting the Higher Chemistry course. These activities
provide students with a series of questions as would be expected
of those sitting the appropriate course and, along with each
question, a sample solution is also provided (fig. 1). The solution,
however, is incorrect and the aim of the activity is for students to
identify any errors present, write a comment beside the solution
to explain why there is an error (like a teacher might) and to
provide a correct solution to the question.

Q3 Calculate the mass of 0.5 moles of calcium chloride.

GFM a£ Call is 4043S-§
B 75'5_3

Call,

1 mde Cacl &> 73»5"3
05 mles Gl &> S\

Figure 1: Example of a simulated solution a student would analyse (error present).

The activity for the students sitting the National 5 chemistry
course contains questions of three types, arranged in increasing
order of difficulty, and of each question type there are three
examples, to give nine questions in total. The first type of

This journal is © The Royal Society of Chemistry 2012
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question involves the calculation of the mass of a given number
of moles of a substance. The second type of question requires the
students to find the number of moles given the mass of a
substance. The last type of question provides the students with a
balanced reaction equation and requires the students to calculate
the mass of one substance given the mass of another. These are
commonly encountered calculations for students at this level
(fig. 2).
| Q1 Calculate the mass of 2 moles of sodium chloride.

Q4 Calculate the number of moles in 108 g of water.

Q7 Calculate the mass of water produced upon burning
11.6 g of butane completely in oxygen. The balanced
equation is provided below.

CaHlio + 12—3 0y =4 COz + 5 H,0

Figure 2: Examples of questions for the National 5 Chemistry activity (no solutions
shown). First type of question, top, second type, middle, third type, bottom.

The activity for the students sitting the Higher Chemistry course
also contains questions of three types and there are three of each
to give a total of nine questions. The first type of question
requires the students to calculate the mass of a substance given
the concentration and volume of another and a balanced reaction
equation. The second type of question involves the use of the
molar volume of gases at STP and calculating the number of
moles, or volume, of a gas. The last type of question involves the
use of Avogadro’s constant to calculate the number of ions or
atoms present in a given mass of a substance. Again, these style
of questions are commonly encountered by students at this level

(fig. 3).
Q1 2.7 g Aluminium reacts with 200 cm? of 2 moll hydrochloric

acid according to the equation below. What mass of AlCl3 would
be produced?

A|+<Ht\—'AItI;+§H_~

Q5 100 cm? of ethane was combusted with 300 cm? of oxygen.
Calculate the volume of carbon dioxide produced. The equation is
provided below.

CoHs + 3022 CO2 + 3 H0
Q7 How many positive ions are present in 2 g of (Mg?*)3(PO4>),?

Figure 3: Examples of questions for the Higher Chemistry activity (no solutions
shown). First type of question, top, second type, middle, third type, bottom.

The simulated solutions to the questions provided to the students
include a spread of common errors that students often make and
are solved using a variety of common strategies, as identified
through personal experience and through discourse with
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multiple, practising chemistry educators. The simulated peer-
assessment activities for both levels can be found in appendix 2.
The participants of these activities were arranged into pairs or
groups of three and were given the question sheets to work
through one at a time. Working in groups was an important
aspect of these activities as it promoted discussion and idea
sharing within the pair in order for them to discover the error and
provide feedback. The discussion throughout the activity
allowed the students to become more aware of the common
errors they are likely to make in their own work and thus prevent
them from making them in the future. As the students carried out
the activity, the teacher roamed the classroom to answer any
queries; however, minimal interaction with students was
necessary as in most cases the groups were able to identify any
errors present and provide a correct solution.

Study Setting and Participants

This study was carried out in a high school in Scotland during
the run up to the national exams thus none of the content of each
activity would be considered new to the participating students.
Three National 5 Chemistry classes, of student age 15/16, and
three Higher Chemistry classes, of student age 16/17,
participated in the study. This gave a total of 47 students for the
National 5 level activity and 54 for the Higher level. The classes
were of mixed ability and sex and had different teachers within
the same level of activity; the author was one of the teachers
participating in administering the simulated peer-assessment
activities.

Permission was obtained from the head teacher of the school
before this research was carried out. Pupils were required to sign
a research consent form to allow the data generated to be
analysed; however, every pupil in the classes participated in the
activity.

Data Sources

A mixed-method research design was utilised during this study
in order to extract a variety of information. The data sources
included a pre-test, post-test and a student attitude questionnaire.

Pre and Post Tests

For each level of activity, two sets of three questions, which were
analogous to the types found within the simulated peer-
assessment activities, were developed to measure the prior
knowledge (pre-test) and resultant knowledge (post-test) of the
participants before and after the activities were carried out. These
questions were designed to eliminate as many as possible purely
chemical errors from students such as incorrect formulas or
equations by providing such information in the question. The
questions in the pre-test and the post-test were analogous and so
formed three matched pairs which could be used to assess any
increase in student ability due to the completion of the simulated
peer-assessment activities. The full test scripts can be found in

4| J. Name., 2012, 00, 1-3

appendix 1. In order to ensure content validity of both the pre
and post-tests multiple, practising chemistry educators
contributed to the final design.

Student Attitude Questionnaire

This is a self-reported questionnaire that consists of three Likert-
scale items. Students were asked to respond using a scale of 1 to
5, where 1 = strongly disagree and 5 = strongly agree. The
questions posed to the students were as follows:

(1) Did you enjoy this activity?

(2) Would you have preferred to have been marking one of your
classmate’s work, rather than some simulated work?

(3) Would you have been happy to have your work assessed by
others in your class?

Research Procedure

The pre-test was carried out by the students at the beginning of
the lesson in which they completed the simulated peer-
assessment activity. There was not a time limit put on the
students as they completed this but it was completed by all within
approximately 15 minutes. Students were not made aware of
their performance on this test until after the entire research
activity had been completed. The students then participated in
the simulated peer-assessment activity for the remainder of the
lesson which lasted another 35 minutes, approximately (lessons
are 50 minutes each). The students were informed that they did
not need to complete all of the example questions and were
encouraged to work at their own pace; however they were guided
to ensure they had attempted all the different types of questions.
Very few students did not complete all the questions in the
activity. During the next lesson the students carried out the
student attitude questionnaire and this was followed by the post-
test which again was not subjected to a time limit but was
completed in approximately 15 minutes.

Data Analysis

Students’ responses to the pre and post-tests were scored in a
binary fashion as either correct or incorrect. This generated a
correct answer rate for each student on each test and a paired t-
test was run to examine any overall difference in performance.
The pre and post-test combination also made a series of three
matched pairs; as such, a McNemar test was employed. The
student’s mathematical ability was estimated from their working
grade in Mathematics, which was made available by the
mathematics department within the school. This was used as a
factor in an ANOVA calculation to determine its influence on
student performance. Students’ responses to the questionnaire
were analysed by plotting histograms.

This journal is © The Royal Society of Chemistry 2012
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Results and Discussion

Pre-test and Post-test

First the data for the National 5 Chemistry course are analysed
below. The mean correct answer rate for student performance on
the pre-test was 56.7% (SD = 31.0%, Table 1) which indicates a
fairly wide range of performances on this test. The mean correct
answer rate for student performance on the post-test was 79.4%
(SD =22.6%, Table 1) and the result of the paired t-test indicated
that there was a significant improvement of 22.7% on the post-
test compared to the pre-test at a 95% significance level (t =5.96,
P-value < 0.001, Table 1).

Table 1: Comparison of the mean correct answer rate between
the pre-test and the post-test of National 5 students

Chemistry Education Research and Practice

Table 3: ANOVA results using mathematics working grade as a
factor of National 5 students

Mathematics N  Mean SD F-value  P-Value
Working Grade Gain
A 1 9.1% 15.6% 4,53 0.008
B 15 37.8% 27.8%
C 15 26.7% 22.5%
D 6 5,6%  25.1%

Pre-test Post-test
N  Mean SD Mean SD t-value  P-Value
47 56.7% 31.0% 79.4% 22.6%  5.96 <0.001

To provide further insight, the pre-test and post-test were
subjected to a McNemar test to examine the increase in
performance on individual questions (Table 2). It can be seen
from table 2 that there is strong evidence to indicate that there
has been a significant improvement in performance in the first
and third questions in the post-test compared to the pre-test (P-
value = 0.004 and <0.001, respectively). Whereas, for question
2 there is slightly less strong evidence of improvement (P-value
= 0.0.021). These data suggest that the increase in performance
is across all the questions encountered in the pre and post-tests
rather than just localised to improvement in a single question.

Table 2: McNemar analysis of pre-test and post-test of National

5 students
Question 1 2 3
P-Value 0.004 0.021 <0.001

Each student’s overall gain in performance between the pre and
post-test was subjected to an ANOVA using their Mathematics
working grade as the factor within the analysis. The working
grades are scored as A through to D with A being the highest
working grade. The results of this analysis are shown in table 3.

This journal is © The Royal Society of Chemistry 2012

The P-value for this ANOVA shows a significant difference in
the mean gain in performance between the different Mathematics
working grades. Those students who were of intermediate
mathematical ability, i.e. working grades B and C, demonstrated
the greatest increase in performance after taking part in the
simulated peer-assessment activity. For those of working grade
B there was a 37.8% increase (SD = 27.8%) and those of working
grade C showed a 26.7% increase (SD = 22.5%). Contrariwise,
the students with a working grade A and those with a working
grade of D demonstrated a much smaller increase in
performance. Those students with a working grade of A had a
mean gain of 9.1% (SD = 15.6%) and those of working grade D
displayed a 5.6% increase in performance (SD = 25.1%).

The data for the Higher Chemistry course was subject to the same
panel of statistical analyses. The mean correct answer rate for
student performance on the pre-test was 46.9% (SD = 37.5%,
Table 4) and the mean correct answer rate for student
performance on the post-test was 68.5% (SD = 35.1%, Table 1)
The result of the paired t-test indicated that there was a
significant improvement of 21.6% on the post-test compared to
the pre-test at a 95% significance level (t = 6.10, P-value < 0.001,
Table 4).

Table 4: Comparison of the mean correct answer rate between
the pre-test and the post-test of Higher students

Pre-test Post-test
N  Mean SD Mean SD t-value P-Value
54  46.9% 37.5% 68.5% 35.1% 6.10 <0.001

As before, the pre-test and post-test were subjected to a
McNemar test to examine the increase in performance on
individual questions (Table 5). It can be seen from table 5 that
there is strong evidence to indicate that there has been a
significant improvement in performance in all of the questions
individually in the post-test compared to the pre-test (P-value =
0.001, 0.002 and 0.008, respectively). This result is similar to
that seen in the analysis of the National 5 Chemistry students; the
increase in performance is across all the questions encountered
in the pre and post-tests.

J. Name., 2012, 00, 1-3 | 5
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Table 2: McNemar analysis of pre-test and post-test of Higher
students

Question 1 2 3

P-Value 0.001 0.002 0.008

The ANOVA results on the gain in score from pre to post-test
using Mathematics working grade of the Higher Chemistry
students are shown in table 6.

Table 6: ANOVA results using mathematics working grade as a
factor of Higher students

Mathematics N  Mean SD F-value  P-Value
Working Grade Gain
A 15 2.2% 8.6% 20.97 <0.001
B 16 479%  24.2%
C 16 229%  20.1%
D 7 0.0% 0.0%

The P-value for this ANOVA again shows a significant
difference in the mean gain in performance between the different
Mathematics working grades. The students who were of
intermediate mathematical ability, displayed the greatest
increase in performance between pre and post-tests. Those of
working grade B showed a 47.9% increase (SD = 24.2%) and
those of working grade C showed a 22.9% increase (SD =
20.1%). This is in contrast to the other students: those with a
working grade A had a mean gain of only 2.2% (SD = 8.6%) and
those of working grade D displayed absolutely no increase.

The statistical analyses of the effects of the simulated peer-
assessment activity at National 5 level and at Higher level
demonstrate similar outcomes. At both levels there is a
significant improvement in student ability to perform chemical
calculation across the spectrum of type of question that were
encountered in the pre and post-tests. Of particular interest are
the results of the ANOVA calculations using Mathematics
working grade as the factor for analysis. At both levels of activity
there was a significant increase in mean gain of score for those
students with a working grade of B or C; however, there was a
much less significant or negligible increase in mean gain of score
for those with a working grade of A or D. The small increase in
performance of the working grade A group of students can be
explained due to their score on the pre-test being particularly
high. The average pre-test score for the National 5 students was
91.0% (SD = 15.6%) and that for the Higher students was 93.3%
(SD = 13.8%) and thus there is little room for improvement on
chemical calculation for these mathematically capable students.
It is still thought that participation in this activity is useful for
this set of students as their understanding of the chemistry
involved is reinforced. Students who were of intermediate
mathematical ability, as defined by a Mathematics working

6 | J. Name., 2012, 00, 1-3

grade of B or C, exhibited the greatest improvement in
performance between the pre and post-tests. Their possession of
at least a basic grasp of mathematics allows this group of students
to engage with the simulated peer-assessment activity, through
discussion of the simple mathematical steps involved, and allows
them to improve. For both the National 5 and the Higher set of
students there is a greater mean gain in score for those of a higher
mathematics working grade across grades B through D (see
tables 3 and 6). This correlation between mathematical ability
and improvement in performance in chemical calculations, after
participating in the activity, highlights the significance of
mathematical proficiency to chemical calculations. It is thought
that a lack of basic mathematical skill is the reason that those
students of working grade D exhibit negligible increase
performance between the pre and post-tests. If this set of students
are not proficient with using basic mathematical skills such as
the use of ratios, which are essential for answering most chemical
calculations, then they will not be able to engage in discussion
with others in order to locate and solve the errors presented to
them in the simulated peer-assessment activity. This feature of
the data suggests that there is a group of students who could
benefit from explicit instruction in simple mathematical
techniques before contextualising these within chemistry. This
author has previously asserted that students struggle with
applying simple mathematical skills in a chemistry setting due to
being taught in an algorithmic fashion in mathematics classes
(Scott, 2012).

Overall, the analysis of these data suggest that the simulated
peer-assessment activity had a positive effect on student
performance in basic chemical calculations.

Student Attitude Questionnaire

The responses from the Likert-scale items were collated and have
been displayed as histograms. Students were asked to respond
using a scale of 1 to 5, where 1 = strongly disagree and 5 =
strongly agree. Responses to the question “Did you enjoy this
activity?” are presented in figure 4.

B National 5 Higher
—
(a2}
<
o (o]
w
s =9
)
4
< < I » <
o o
[ | [ ]
1 2 3 4 5

LIKERT RESPONSE

Figure 4: Student responses to question 1: “Did you enjoy this activity?”

It can be seen that the responses for “did you enjoy this activity?”
are slightly left-skewed and indicative of an overall enjoyable

This journal is © The Royal Society of Chemistry 2012
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activity. This is rather pleasing as it is often difficult to find a
worthwhile learning activity that students actually enjoy.

The student responses to “Would you have preferred to have
been marking one of your classmates work, rather than some
simulated work” are presented in figure 5.

B National 5 Higher

<
[o\]

NUMBER

LIKERT RESPONSE

Figure 5: Student responses to question 2: “Would you have preferred to have
been marking one of your classmates work, rather than some simulated work”

The responses for both the National 5 and Higher students are
both right-skewed, the Higher slightly more so, which indicates
an indifference to this statement leaning towards disagreement.

The student responses to “Would you have been happy to have
your work assessed by others in your class?” are presented in
figure 6.
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Figure 6: Student responses to question 3: “Would you have been happy to have
your work assessed by others in your class?”

The final question on the student response questionnaire shows
an overall right-skewed data response; however, the data are
bimodal, with modes appearing at “disagree” and “agree” on the
Likert-scale.

The students’ responses to question 3 of the questionnaire
indicate that the majority of the students would not be happy
about their peers assessing their work. This is in alignment with
the previously asserted disadvantages of peer-assessment. This
serves to illustrate the usefulness of a “simulated” approach to

This journal is © The Royal Society of Chemistry 2012
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peer-assessment and validates the activity used in this study.
Furthermore, the students’ responses to question 2 of the
questionnaire indicate that the use of simulated material does not
result in dissatisfaction for the students. It would be interesting
to find out why the students would not have preferred to be
marking a peer’s work. Perhaps this is evidence of conscientious
students not wanting to risk providing a peer with a quality of
feedback that is not as good as that a teacher could provide; or,
possibly, it demonstrates feelings of inadequacy with regards to
their abilities. The bimodal distribution from the students’
responses to question 3 of the questionnaire is an interesting
feature of the data. It is worth noting that of the 24 students across
both levels who responded positively, i.e. were happy to have
their work assessed by another, 75% of them achieved full marks
on their pre-test with the remaining 25% gaining two out of three
questions correct. Thus this may be due to a sub-set of the
students being particularly confident in their ability at
performing calculations and hence they are happy for others to
assess their work.

Conclusions

This study has demonstrated that a simulated peer-assessment
approach can be utilised effectively to promote student
performance in the area of chemistry calculations which is in
alignment with the first research question of this study. After
participating in the activity students were able to avoid common
sources of error and hence improve their performance as
measured by a coupled pre-test and post-test. The simulated
peer-assessment activity has been found to provide the greatest
boost to those of intermediate mathematical ability. Students of
lower mathematical ability would benefit from direct instruction
in simple mathematical skills to allow them to benefit from
participation in this activity.

The second research question was to find out how students’
attitudes would be if the activity was not simulated but instead a
straightforward peer-assessment. This was included in order to
investigate whether a simulated approach can the address
concerns over the negative aspects of peer-assessment. This
study has confirmed that the majority of students would be
unhappy to have their peers assessing their work, perhaps due to
the poorer quality of feedback that would likely be provided.
Moreover, this study has demonstrated that the replacement of a
peer’s work with simulated work does not result in a negative
attitude from the students undertaking the activity. Simulated
peer-assessment therefore provides a mechanism through which
the benefits associated with peer-assessment can be provided
without having to deal with the negative aspects such as poor
quality of feedback or inconsistent feedback due to social
networks within a class.

The utility of a simulated approach to peer-assessment is not
confined to chemistry calculations but could easily be adapted to
other relevant areas of the chemistry curriculum or, indeed, other
subjects entirely.
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Appendix 1: Pre and Post Tests

National 5 Pre-test

Carry out the following calculations, remembering to show all your working.
Q1 Calculate the mass of 4 moles of calcium chloride (CaCl.).
Q2 Calculate the number of moles in 4 g of methane (CHa).
Q3 Methane burns in oxygen to form carbon dioxide and water:
CH4 + 20; — CO: + 2H:0
Given that 12 g of methane is burned, what mass of oxygen would be required?

National 5 Post-test

Carry out the following calculations, remembering to show all your working.
Q1 Calculate the mass of 3 moles of magnesium fluoride (MgF>).
Q2 Calculate the number of moles in 3.4 g of ammonia (NHs).
Q3 Propane burns in oxygen to form carbon dioxide and water:
CsHg + 50, — 3CO; + 4H,0
Given that 11 g of propane is burned, what mass of oxygen would be required?
Higher Pre-Test
Q1 Given 188 g of magnesium chloride, MgCls, calculate the number of chloride ions present.
Q2 10 g of zinc is reacted with 400 ml of 1 molL hydrochloric acid. Calculate the mass of ZnCl, produced.
Zn + 2 HCl — ZnClz + H>

Q3 Calculate the mass of calcium carbonate required to form 2.8 litres of carbon dioxide when the calcium
carbonate is reacted with an excess of dilute hydrochloric acid. Take the molar volume of a gas, under the
conditions of the experiment, to be 22.4 Lmol 2.

CaCOz +2 HCl — CaCl,+ CO;, + H,O

Higher Post-Test

Q1 Given 188 g of lithium oxide, Li-O, calculate the number of lithium ions present.
Q2 1g of magnesium is reacted with 200 ml of 2 molL"* hydrobromic acid. Calculate the mass of MgBr. produced.

Mg +2 HBr — MgBI‘z + H,

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 9
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Q3 Calculate the mass of beryllium carbonate required to form 2.8 litres of carbon dioxide when the beryllium
carbonate is reacted with an excess of dilute hydrobromic acid. Take the molar volume of a gas, under the
conditions of the experiment, to be 22.4 Lmol .

BeCOs3; + 2 HBr — BeBr+ CO, + H,0

10 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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Appendix 2: National 5 and Higher Simulated Peer-
Assessment Activities

National 5 Chemistry Mole Calculations Activity

Students often find chemistry calculations one of the most difficult areas of
the curriculum to master due to their complexity; similarly, teachers and
exam markers often find them challenging to mark because student’s
solutions are rarely clear and easy to follow.

nstructions

In the following pages you will find a series of questions, along with a
solution to each; however, the solution is incorrect. In your pairs, you are to
read through the solution, locate the error(s), discuss how the error as
occurred and then re-write the correct solution in your own way. Whilst you
do this it is important that you discuss the good and bad features of each
solution, such as how clear the layout is or how easy it is to follow the
working, and try to improve your own solutions accordingly. Remember to
ask your teacher for their opinions and to check your solutions.

Hopefully, by the end of the activity you will have increased your
understanding of how to perform chemistry calculations and be able to
write an easy to follow solution.

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 11
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Q1 Calculate the mass of 2 moles of sodium chloride.

N
‘]:orMUl& : lo\%C\k

NaCl iZC(G\,I’\\/’( 'F; rmu(c\

MQ.SS: q-FM MA_}S — SXSA
= gi = 24 7’5—3
2.

Q2 Calculate the mass of 4 moles of CHa.
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Q3 Calculate the mass of 0.5 moles of calcium chloride.

Catl,  &EM A Gl is 40438

1 Mo\t Call. &=> 73'5}3
0.5 mles Gl &> \5\ 4

—

Q4 Calculate the number of moles in 108 g of water.
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AQEM 1?3
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\ A& pdes &7 0¥

e——
pR—
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Q5 Calculate the number of moles in 14 g of nitrogen.

ZFM ,,Q v\(-l-raaev\ is \&
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23 Q6 Calculate the number of moles in 13.2 g of ammonium sulfate.
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Q7 Calculate the mass of water produced upon burning 11.6 g of
butane completely in oxygen. The balanced equation is provided
below.

CaH1o + 1?3 O, -4 COy + 5 HO

1\/"\0\{ C‘fH\o > 5 noles HzO

|| ({3 & 5*11'0’3

p—
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Q8 Lithium carbonate reacts with excess hydrochloric acid to form
lithium chloride, carbon dioxide and water. If 10 g of lithium
carbonate is produced, how much lithium carbonate was required?

©CoO~NOUTA,WNPE

The balanced equation is provided below.

. Li,CO5 + 2 HCl = 2 LiCl + CO; + H,0

+ 4 o

- Li, €O + ZWCL —D2 Liel ¥ €% * %
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27 Ma-s /( \Ofl
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Q9 Butadiene is a molecule which contains two double bonds, this
means it can participate in two addition reactions. The equation for
the reaction of butadiene with hydrogen chloride is outlined below.
What mass of butadiene is necessary to react with 3 moles of
hydrogen chloride?

C4H6 + 2 HCl - C4H8C|2

GHe + Znee —= GHpCy

ol 3 Mo(%

Ma>S = \Wx FM

=8 x 36§

=1oA-§ .
. J
| &— 2
- 2 P
~ )= O

7——~
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Higher Chemistry Calculations Activity

Students often find chemistry calculations one of the most difficult areas of
the curriculum to master due to their complexity; similarly, teachers and
exam markers often find them challenging to mark because student’s
solutions are rarely clear and easy to follow.

nstructions

In the following pages you will find a series of questions, along with a
solution to each; however, the solution is incorrect. In your pairs, you are to
read through the solution, locate the error(s), discuss how the error as
occurred and then re-write the correct solution in your own way. Whilst you
do this it is important that you discuss the good and bad features of each
solution, such as how clear the layout is or how easy it is to follow the
working, and try to improve your own solutions accordingly. Remember to
ask your teacher for their opinions and to check your solutions.

Hopefully, by the end of the activity you will have increased your
understanding of how to perform chemistry calculations and be able to
write an easy to follow solution.
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Q1 2.7 g Aluminium reacts with 200 cm? of 2 moll™* hydrochloric acid
according to the equation below. What mass of AlCls would be produced?

Al + 3 HCl = AICI3 +§H2

-3
e - ZF weew
73
s I x0 \
= O -| Mtieg :O'Z MO\@)

3 wdes AL 1 mele Mei
So O‘ZMJ@ i\'me/b 0-067 mlen A/\C\,5

s 5. QO06FEX 13FS

= Rk,

—
p——
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Q2 Calculate the mass of water produced upon reacting 0.6 g of calcium
carbonate with 24 cm? of 0.5 moll™ hydrochloric acid.

©CoO~NOUTA,WNPE
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Q3 What mass of ammonia is needed in the reaction with sulfuric acid to
produce 132 g of ammonium sulfate? The equation is provided below.

2 NH;; + H2SO4 - (NH4)2SO4

'W\/\ 4‘2 AMMan i 1S ,? /MOL

P (MO ,80 5 3 (aa)s 32 4 @db)
- \(? S{Mo\

\F —> ¢,
R \&93
|3 — |
Mg O 3
|7
e Z & > \324\
g %87 1 J
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Q4 At a certain temperature and pressure, the molar volume of hydrogen is
224 Imol™. Calculate the volume of 0.04 moles of hydrogen.

©CoO~NOUTA,WNPE
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Q5 100 cm? of ethane was combusted with 300 cm? of oxygen. Calculate

the volume of carbon dioxide produced. The equation is provided below.

C2H6+§oz—>2coz+3Hzo

\1? 000«« '\’\iﬁt/( ZSOCM
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Q6 An excess mass of zinc was added to 100 cm? of 0.3 moll™* hydrochloric
acid. What volume of hydrogen was produced, given that the molar volume
of hydrogen is 24 Imol™. The equation is provided below.
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/n + 2 HCl - ZnCl> + H;
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Q7 How many positive ions are present in 2 g of (Mg?*)3(PO4*),?

Mw s 200
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Q8 How many sodium atoms are found in 46 g of sodium?
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Q9 Calculate the mass of glucose, CeH1206, which contains 1.204 x10%
atoms.
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