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Evaluation of students’ performance and engagement using post-laboratory integrated
assessments within a pharmacy course in the United Kingdom: a pilot randomised cross-over study
Andrew Martin Lunn %, Louise S. Cogan, Andrea Manfrin

School of Pharmacy and Biomedical Sciences, Maudland Building, The University of Central Lancashire, Preston, Lancashire PR1
2XT, United Kingdom

Abstract

Introduction. This pilot study investigated the impact of practice integrated, post-laboratory assessment
on the scientific education and attitudes of first-year pharmacy students. Median performance in
assessment, achievement of full marks and engagement in laboratory classes was evaluated.

Methods. A pilot randomised cross-over study was conducted at the University of Central Lancashire.
Students were randomly assigned to two groups and after undertaking four identical pharmaceutics
laboratory classes, answered two science-based questions that were either integrated with practice using
a contextualizing scenario or had no integration. Their performance and engagement were subsequently
analysed. Un-paired dichotomous values were assessed using Pearson’s chi-square for independence or
goodness of fit, Fisher's exact test, Cochrane Q. Paired dichotomous values were assessed using
McNamara's test. Students’ scores of integrated and non-integrated assessments were analysed using
linear regression. Students’ engagement was also assessed, using the ASPECT questionnaire. Continuous
data were generated and analysed using descriptive statistics, Wilcoxon sing-rank test, Mann-Whitney U
test.

Results. Thirty students completed the study. Students performed better in the integrated assessment
(median=3.5; IQR=2.00-4.00) compared to non-integrated (2; 1.75-3.00) (p=0.003). Twenty-five students
(83%) achieved full marks with integrated assessment (p=0.006). R? for the integrated assessment was
0.90, for non-integrated 0.12. Students’ engagement was positive in both groups but significantly improved
in the domains of “Instructor contribution” and “Value of activity” (p=0.011) when receiving the integrated
assessment.

Conclusions. Integrated and contextualized assessment of science teaching as a lone intervention
increased pharmacy students’ performance and engagement in laboratory classes without any change to
the teaching session itself.
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Introduction

Background/Rational

Scientific laboratory teaching is incorporated across all Master of Pharmacy (MPharm) programmes
in the United Kingdom. Understanding the basic principles behind medicinal development is crucial to
ensure that the students are equipped with the knowledge required to understand future developments in
the area and become “medicines experts”.! The General Pharmaceutical Council (GPhC) suggest that the
initial education and training of pharmacists must include an integrated experience of relevant science,
where students must know and show how “the science of pharmacy is applied in the design and

development of medicines and devices?

Figure 1 Adaptation of Bloom’s taxonomy
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For this education to be truly effective, the teaching must achieve a fundamental understanding of
scientific concepts, which can be applied to practice. To achieve this, students must be able to: remember,
understand, apply, analyse and evaluate the material taught to them, representing 5/6 of Bloom’s cognitive
dimensions (Figure 1). Laboratory sessions are also particularly useful and valuable teaching sessions as
they incorporate many different learning styles, including Visual, Aural, Reading/Writing and Kinaesthetic
(VARK)3.

Evidence suggests that active learning methodologies such as those used in laboratory teaching, are
better than large group didactic teaching in fostering learning to achieve fundamental understanding.4-1°
Student satisfaction with active learning can vary, however the overall trend in healthcare teaching is an
increase in student satisfaction.’-13 The use of active learning has been shown to improve student
understanding and performance during assessments. Nevertheless, pharmacy student engagement in
science education (rather than active learning) is seen to be variable.514-16 A key challenge then is how to
increase engagement in science education, including laboratory sessions. One anecdotal reason for lack
of student engagement in laboratory sessions, is a difficulty seeing the relevance of learning the scientific
concepts for future practice.*1517 Effective integration of practice with laboratory science teaching is a
reasonable strategy to improve this.18-22 This will allow the information to be understood in context by the
student and ensure they have a fundamental understanding of the science behind their practice. Harrold
(2010) implemented the contextualization in various forms, using a workshop that related laboratory
teaching on genetics to practice relevant diseases on a doctor of pharmacy programme.?°21 The
contextualization of the information presented in laboratory sessions may be thought of as a “nesting” level
of integration, according to Harden’s ladder of integration.?? Integrated teaching has been adopted in all UK
MPharm courses as required by the GPhC, with the approach differing between schools.?425 Some schools
opted for a fully inter-disciplinary approach from year one, whilst other schools kept the earlier years of the
course less integrated and utilised levels such as “nesting”, where the teaching of one discipline is
enhanced by including material from other disciplines; and “temporal coordination” where each discipline
continues to be taught separately, but with relevant subjects across disciplines timetabled to co-inside with
each other. They then move towards inter and trans-disciplinary levels in later years, around themes such

as body systems or age.?>?” Evidence for how best to implement integration for science and laboratory



teaching to optimise learning and performance, and the impact of integrated assessment is however
lacking; this study, therefore, seeks to contribute to the evidence on the use of integration in the formative
assessment of pharmacy students and its impact on achievement and engagement in their science
education.?®

Objectives

The main objectives were to investigate:
e  Students’ median performance in formative assessment
e  Students’ achievement of full marks in formative assessment

e  Students’ engagement in laboratory classes

The key research questions were:

What was the impact of integrated post-laboratory assessment on:
a) Students’ overall performance in formative assessment?

b) Students’ achievement of full marks in formative assessment?

c) Students’ engagement in laboratory classes?

Three hypotheses, relative to the key research questions, tested in this study were:
a) Null hypothesis (H1o): There was no significant difference in achievement between integrated and non-

integrated assessment. The alternative hypothesis (H11): there was a significant difference in performance
between integrated and non-integrated assessments;

b)  Null hypothesis (H20): the integration of assessment has no impact on the achievement of full marks.
The alternative hypothesis(H21): the integration of assessment has an impact on the achievement of full
marks

c) Null hypothesis (H30): there was no significant difference in student engagement when taking the
integrated or non-integrated post-laboratory assessment. The alternative hypothesis (H31): there was a
significant difference in student engagement when taking the integrated or non-integrated post-laboratory

assessment.



Methods

Study design
This was a randomised cross-over study, with participants randomly assigned to two groups (A or B).

After completing four laboratory classes (identical for all participants), students received post-laboratory
assessments consisting of two questions, that were divided in two domains: calculation and knowledge
application (KA). The students took the assessments online using the web platform, Qualtrics©. Group A
received integrated assessments for laboratory classes one and two, and non-integrated assessments for
sessions three and four; group B received the reverse of this. After completing the assessment for session
two, all participants also completed an adapted version of the ASPECT questionnaire to determine student

engagement in the sessions (Figure 2)

Figure 2: Flow chart of study design. Numbered “T” letters indicate significant time points in the study, with cross-over
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Abbreviation ASPECT stands for “Assessing Student Perspective of Engagement in Class Tool”

The integrated questions were written such that the basic science principle was contextually presented
(put into a real situation) within and directly linked to a plausible real-world scenario easily showing why the
knowledge being tested was important to the students’ future practice. The non-integrated questions had
no real world contextualization, nor rationale as to why the information was important; an example of the
guestions can be seen in Figure 3.The framework of the study design in medical research outlined by
Dawson and Trapp informed the design of our study.28 A cohort cross-over study was chosen as it provided
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more robust evidence than a simple observational cohort study, and with subjects randomly assigned to
two cohort arms aiming to minimise bias.

Figure 3: Example of equivalent integrated (A) and non-integrated (B) questions
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Study setting

The study ran throughout a series of four laboratory sessions with each student completing a post-
laboratory assessment in the two weeks following a session.
Locations

The study was conducted at the University of Central Lancashire, Preston UK.
Relevant dates

The study was conducted during the spring term (February-March) of the academic year 2019/20.
Period of recruitments

Participants were recruited in January 2020.
Exposure

All students were exposed to integrated and non-integrated sessions according to the study design
(Figure 2).
Follow-up

All students were followed up according to the study design (Figure 2).
Data collection

Data was collected using an online web platform called Qualtrics®.



Participant eligibility criteria

Participants were enrolled in the first year of study on the Master of Pharmacy (MPharm) degree. After
the second laboratory session (T2, Figure 2), participants were invited to complete an adapted version of
the ASPECT questionnaire, in February 2020.

Variables and measurement
Primary outcome

The primary outcome of this study was the total scores obtained by the students in the integrated and
non-integrated questions, which was evaluated by comparing the medians and interquartile ranges (IQR)
of the respective total scores.

Secondary outcomes
Full marks

The number of students’ achieving full marks in formative assessment was investigated. A minimum
score of 0 (zero) and the maximum score of four (4) was possible. Therefore, we compared the number of
students who achieved the maximum scores in the integrated session versus the non-integrated sessions.
Student engagement

Student engagement was assessed according to the three domains of an adapted and approved
versions of the ASPECT questionnaire developed by Wiggins et al. (2017) which uses a five-point Likert
scale (e-Appendix 1).2° The three domains were: “Instructor contribution”, “Value of activity” and “Personal
effort”.

Bias
Due to practical constraints of laboratory size and timetabling, each of the four laboratory teaching

sessions was delivered in three separate sessions to a third of the cohort each time, divided by their
registration group. While these sessions were delivered to a protocol, there was the possibility that
attendance at different sessions would cause a bias. To minimise this effect, students from both groups A
and B were spread out across all three sessions, and the same member of staff delivered every laboratory
session. The questions received by group A and B vary, with group A receiving the integrated version during
the first two laboratories and group B the integrated version during the last two. This approach could have
introduced a potential bias based on the relative difficulty of the questions for each laboratory. To minimise

this, the questions for each laboratory followed a similar format. They were also independently verified for



equivalent difficulty by three academics within the school who teach on the pharmacy course. The total
scores achieved after receiving both integrated and non-integrated assessments were analysed to
determine if there was any significant effect between groups.
Ethics approval

This study was conducted following the Helsinki declaration of 1975 as reviewed in 2008 and received
ethical approval from Health Ethics Review Panel of the University of Central Lancashire on January 6th,
2020 (ref: HEALTH 0029).
Informed consent and GDPR

Informed consent was obtained from all individual participants included in the study. All data were
handled following the requirements of the Data Protection Act (2018) and/or the General Data Protection
Regulation (GDPR) 2016 according to European Union law; therefore, data were anonymised and stripped
of any identifiable references to the participants.

Participants, study size and power
Participants and descriptive data
An initial recruitment of 60 students was made from a cohort of 129 students, representing a sign-up

rate of 46.5% (Figure 4). Of those 60 students, 30 went on to complete the study and were included in the
final analysis, giving a response rate of 50% (30/60). The final sample of participants was represented by
10 (33.3%) male and 20 (66.7%) female (p=0.068) students, this ratio is reflective of the student cohort in

the MPharm degree at UCLan.

Figure 4. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) flow diagram

Identification Eligible students (n=129)
Refused to provide written
consent: n=69
Provided written informed consent:
n=60
Inclusion Included in study (n=30)
Analysis Analysed (n=30)




There are different approaches to sample size for pilot studies, and Lancaster et al. (2004)3° suggested
that a sample of 30 is acceptable. The power analysis was conducted for the primary outcome using a post-
hoc power approach.3! Thirty was the number of students who participated in the study. A power of 87%
was obtained using a two-tailed test, with Wilcoxon signed-rank test (matched-pair) for non-normally
distributed variables, a calculated effect size (Cohen's d) of 0.6, an alpha of 0.05, a critical t value of + 2.04,
a non-centrality parameter (8) of 3.21 and 27.64 degrees of freedom (DF). The power analysis was
conducted using G*Power version 3.1.9.4.32

Quantitative variables and statistical methods
Dichotomous variables

The answers to all the questions were dichotomous (incorrect=0 or correct=1). Pearson's Chi-square
for the goodness of fit was used to estimate a statistical difference between gender. Categorical unpaired
data (0;1), such as the responses of group A and B were compared and using Pearson's Chi-square for
independence, or Fisher exact test for items. Odds ratios and 95% confidence intervals were also
calculated. Adedokum and Burgess (2012) suggested that the pre-post differences in dichotomous items
(e.g., "correct=1" or "incorrect=0") needs to be tested using the McNemar's test.3 Still, many scholars have
noted the inappropriate use of Pearson's Chi-square test to evaluate this type of analysis. The McNamara's
(Chi-square) test is a 2x2 cross-classification of paired (match) data for a dichotomous item. In our case,
due to the small sample size in some cells (<10), we included the Yates correction when conducting the
McNamara's test. This correction is calculated as the sum of [(Jobserved — expected| — 0.5)%/expected],
where the 0.5 terms, called Yates' correction, is subtracted to adjust for the counts being restricted to
integers.3* The Cochrane's Q test, which is an extension of the McNamara's analysis, provides a method
for testing for differences between three or more matched sets of frequencies or proportions. Therefore, we
used this approach for comparing the results obtained during the four integrated and non-integrated
guestions in each group.

Continuous variables

Dichotomous variables representing the responses to the questions were computed, generating continuous
variables as two total scores, one for the integrated and one the non-integrated assessments. The normality
of continuous variables was assessed using the Kolmogorov-Smirnov test; all variables were non-normally
distributed. The differences between these two total scores were evaluated using the Wilcoxon sing-rank
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test (paired-data) and expressed using medians and interquartile (IQR) values. A Mann-Whitney U test was
conducted to assess the difference between group A and B using the total integrated scores, total non-
integrated scores. The data from the adapted version of the ASPECT questionnaire were analysed by
means of descriptive statistics, median and IQR, which were produced for every question. Questions were

” oo«

categorised by their domains (as set out by Wiggins et al. (2017)%° of “Instructor contribution”, “Value of
activity” and “Personal effort”. Responses between groups that had received integrated questions and non-
integrated questions were compared by domain, using the Mann-Whitney-U test.
Linear regression

Two linear regression models were built for assessing the relationship between the number of students
and their scores achieved in the integrated versus the non-integrated sessions, respectively. The general
equation of the linear model is yi= bo + bixi + €, which was rearranged according to our requirements using
the following values yi= student numbers, bo= intercept; bi= gradient; xi= scores; €= error. Therefore, our
equation was represented by student numbers= bo + biscores + &i. The model fit was assessed using the
coefficient of determination (R?>= SSw/SSt) obtained by dividing the sum of the squares for the model (SSwm)
by the total sum of the squares (SSt). R? expressed as a percentage, represents the amount of variance of
the outcome explained by the model (SSw) relative to how much variation there was explained in the first
place (SSt). So, R? represents the proportion of the variation in the outcome that can be predicted from
the model.3®
Missing data

The data set did not have missing data
Statistical significance

The results were considered statistically significant with a P-value <0.05.
Software used for the analysis
All the analyses were conducted with Excel for MS Office 16 and SPSS 26 (SPSS version 26; IBM Corp.,
Armonk, NY, USA).
Results

Primary outcome
Total scores obtained by the students in the integrated and non-integrated questions.
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The range of the total scores for the integrated assessment was 3 (1-4), and 4 (0-4) for non-integrated
assessment. The median of the total score for the integrated assessment was 3.5 (IQR=2.00-4.00), the
median of the total score for the non-integrated assessment was 2.00 (IQR=1.75-3.00). The difference in
total score achieved between integrated and non-integrated questions was statistically significant
(p=0.003).
Secondary outcomes
Assessment performance between integrated and non-integrated questions

The results of comparing student’s performance in each question, integrated versus non-integrated,
are shown in Table 1. Seven questions did not show statistically significant differences; only question six
had a statistically significant difference (p=0.026).

Table 1. Integrated versus non-integrated questions

Assessment
Question A- Integrated n (%) B- Non-integrated n (%) OR (95% CI) p-value
Correct 12(85.7) 11(68.8)
1 0.369(0.59-2.292) 0.399
Incorrect 2(14.3) 5(31.3)
Correct 13(92.9) 14(87.5)
2 0.538(0.043-6.668 1
Incorrect 1(7.1) 2(12.5) ( )
Correct 13(92.9) 10(62.5)
3 0.128(0.013-1.243) 0.086
Incorrect 1(7.1) 6(37.5) ( )
4 Correct 10(71.4) 7(43.8) 0.311(0.068-1.427) 0.159
Incorrect 4(28.6) 9(56.3) ' ' '
B- Integrated
A- Non-integrated n (%) OR (95% Cl) p-value
n (%)
Correct 9(64.3) 10(62.5)
5 0.926(0.209-4.108 1
Incorrect 5(35.7) 6(37.5) ( )
5 Correct 4(28.6) 12(75.0) 7.500(1.484- 0026
Incorrect 10(71.4) 4(25.0) 37.905)
7 Correct 10(71.4) 9(56.3) 0.514(0.112-2.359)  4.666
Incorrect 4(28.6) 7(43.8) ' ' '
Correct 12(85.7) 15(93.8) 2.500(0.202-
8 0.586
Incorrect 2(14.3) 1(6.3) 30.998)

OR: Odd ratios; Statistical significance was calculated using Pearson's Chi-square or Fisher Exact Test; p<0.05

Achievements of full marks
The scores possible for each student ranged from 0 (lowest) to 4 (full marks) in both integrated and
non-integrated assessment (each student received eight questions). Twenty-five (83.3%) students

achieved full scores in the integrated assessment, compared to only five (16.7%) to the non-integrated. A
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statistically significant difference was found between the integrated and non-integrated assessments

(p=0.006).

Figure 5 shows the difference between the integrated and non-integrated assessment according to

the frequency of the final score for each, with linear regressions fitted. The equation of the line for integrated

scores shows a steeper gradient (b1=3.4) and a higher R?than for the non-integrated assessment (b1=0.7).

The higher coefficient of determination (R?) of the integrated session shows a higher predictive power

(R?=0.903; 90.3%) compared to the respective one shown in the non-integrated sessions (R?=0.122;

12.2%).

Figure 5: Property fitting of the total score of integrated and non-integrated assessments
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Calculation questions

Two calculations questions were compared (Q4, Q7); the number of students taking the integrated

guestions who were correct was 19 (63.3%), while those who received the non-integrated was 17 (56.7%).

This difference was not statistically significant (p=0.804).
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Knowledge application questions

Four questions that tested the students’ ability to apply scientific knowledge were analysed, comparing
the integrated and non-integrated scores achieved by students. Table 2 shows a statistically significant
difference between the integrated and the non-integrated assessments (p=0.006).

Table 2. Applied knowledge in integrated versus non-integrated sessions

KA integrated KA non-integrated p-value?
Scores n (%) n (%) 0.006
0 2(6.7%) 4(13.3)
1 6(20.0) 10(33.3)
2 22(73.3) 16(53.3)

aFisher Exact test; p<0.05
Performance between cohort arms

Table 3 shows that in the integrated assessments, group (cohort) A obtained a higher median (4) score
compared to group B (3), but the difference was not statistically significant (p=0.166). A statistically
significant difference was found only in the total achieved in the non-integrated assessment. The median
value of the total integrated plus non-integrated scores did not show a statistically significant difference

between the two groups.

Table 3. Comparison of the three total scores

Group A Group B

uestion scores -value?
Q median (IQR) median (IQR) .
Total integrated 4.0(3.0-4.0) 3.0(2.0-4.0) 0.166
Total non-integrated 2.0(1.0-2.3) 3.0(2.0-4.0) 0.035

Total integrated plus non-

integrated 5.5(4.78-6.3) 5.5(4-7.8) 0.768

aMann-Whitney U Test; p<0.05
Student engagement

The median value to each question on the ASPECT questionnaire for groups A and B (who had at this
point only received integrated and non-integrated assessment, respectively) is shown in Figure 6. The
range of responses for the integrated and non-integrated groups was 4 (from 2 to 5). A difference was found
between integrated and non-integrated groups for “Instructor contribution” (p=0.011) and “Value of activity”

(p=0.011). No significant difference was found in Personal effort (p= 0.174), Table 4.
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Figure 6. Responses to ASPECT questionnaire
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Abbreviation ASPECT stands for “Assessing Student Perspective of Engagement in Class Tool”

Table 4. ASPECT’s domains scores

Integrated Non-integrated
Domain median score (IQR) Median score (IQR) p-value®
Instructor contribution 5.0 (4.0-5.0) 4.0 (4.0-4.0) 0.011
Value of activity 4.0 (4.0-5.0) 4.0 (3.0-4.0) 0.011
Personal effort 4.0 (4.0-5.0) 4.0 (4.0-5.0) 0.174

aMann-Whitney U Test; p<0.05

Discussion

Performance in post-laboratory assessment
The results of this study suggested that the integrated assessment had a positive and statistically

significant impact on student performance. A statistically significantly higher number of students achieved
full marks in the integrated assessment compared to the non-integrated. Also, a statistically significant
increase in the median score was observed from the integrated questions compared to the non-integrated
ones (3.5 out of 4, compared to 2 out of 4, p = 0.003). These results suggest that the use of integrated
guestions alone as post-laboratory assessment, can enhance students’ ability to understand a question
and potentially improve their overall performance. This was achieved without any changes in content or

14



level of integration in the laboratory teaching. This is of particular interest as laboratory classes are often
taught by non-pharmacist staff, who may struggle to integrate content past the “nesting” level of integration,
without professional staff being present during the session.

Pharmacy students have previously reported difficulty in interpreting multiple choice questions
(MCQ’s), so any technique that could improve question comprehension would be beneficial.®® The results
of the linear regression models demonstrated that the integrated questions had a higher predictability
power. The steeper gradient of the integrated regression compared to the non-integrated suggests that
students are more likely to gain full marks when taking an integrated assessment; a result that is supported
by the McNamara'’s test. These results suggest that overall understanding and comprehension of questions
was consistently improved when using a contextualized, integrated question style; therefore, adoption of
such a question style may help address the reported difficulty in MCQ comprehension.

These results are in agreement with those reported by Hansen et al. (2013)9; they showed a
statistically significant increase in pharmaceutics test scores in students who had received a workshop
integrating pharmaceutics and practice over those who had not. The key difference in this study being that
the intervention was the laboratory session and not in the assessment. Similarly, Autumn et al. (2011)%”
reported a significant increase in test performance after students had completed an essay and calculations
linking pharmaceutical concepts with patient safety. The interventions by Hansen et al., (2018)!° and by
Autumn et al.,(2011)3¢ are larger and harder to implement than what is presented here. However, the trend
of improved marks after and during integrated assessment remains the same. What is key here, is the
comparable improvement in student engagement and achievement shown with the smaller and more
reproducible intervention of a short, integrated formative assessment, whilst making no changes to the
laboratory session itself. This shows the value of effective integration of science and practice on student
achievement, not only in teaching but also in assessment.

Looking deeper at the results, the knowledge application questions when analysed alone showed a
statistically significant difference, while the calculation questions did not. One potential reason for this is
that knowledge application questions provide students with a relevant practice-based scenario which can
spark connections to other subject areas, enabling students to “sense check” their answer based on

practical experience. Calculation questions, however, generally require students to take given figures and

15



process them in a formulaic way; therefore, the benefit of context may be reduced in terms of achievement,
though not necessarily engagement.

Performance between cohort arms (bias)
The overall scores between groups A and B were not significantly different once they had both received

integrated and non-integrated assessments. This suggests that while there was an unavoidable difference
in how the groups were treated (receiving integrated and non-integrated questions at different points) the
student's allocation to group A or B did not advantage or disadvantage them. Some inconsistency can still
be seen in performance in non-integrated questions. However, it was not possible to assign this difference
to any one factor. Nevertheless, when adding the total scores of the integrated and the non-integrated
questions the median in both groups was the same (5.5), suggesting that the study did not advantage or
disadvantage one of the two groups.

Student engagement
Questions were categorised according to three domains: instructor contribution, value of activity,

personal effort. Here a significant difference in the distribution of responses could be seen, with those
students who had received integrated post-laboratory assessment giving more positive responses in the
domains of instructor contribution and value of activity (p=0.011 in both cases). This indicates that by
receiving the integrated post-laboratory assessment, students further appreciated the value of the
laboratory sessions. The personal effort domain did not show a statistically significant difference. The
results from the ASPECT questionnaire are broadly in agreement with previous studies, showing good
levels of engagement in active learning activities amongst pharmacy students. This was demonstrated
recently in a study conducted by Manfrin et al., (2019), showing that both students and staff at a UK school
of pharmacy valued active learning activities.'®> The results from this study, are of further interest, as they
show that integrated assessment alone as in intervention, without any changes to the laboratory session,
can increase student engagement and ability to see the relevance of laboratory classes.

Previous studies have shown a variable attitude towards science education amongst pharmacy
students (rather than active learning), particularly when related to their prospective careers.141617 Wehle
and Decker (2016)7 found, in German pharmacy students, that whilst student attitudes towards the
relevance of chemistry to their degree programme was good, their attitudes of its relevance for their career

were far worse and less consistent. A similar study by Prescot et al. (2014)%* surveyed 254 UK pharmacy
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students’ perceptions of the relevance of science and mathematics subjects to a career in pharmacy; and
found similar attitudes particularly in the earlier years of the pharmacy course. The improvement in attitude
observed in this study amongst first-year pharmacy students then shows the potential for integrated
laboratory assessment as an intervention in addressing the issue of early year pharmacy student attitudes
towards science education, without having to make large changes to the laboratory class itself.

Limitations
The main limitation of this study could be due to the sample size of 30 students. However, this was a

pilot study, which we intend to repeat with larger sample size. There is still the bias of performance based
on which cohort arm a student was placed in. This cannot be avoided in an observational study. However,
it could be mitigated by assessment for each laboratory session following a similar format and undergoing
independent review. Another option to avoid this bias is designing a cross-over randomised controlled trial,
as suggested by Dwan et al. (2019).38

Conclusions

The overall conclusions from this study are that the use of short, formative integrated assessment of
science teaching alone on a pharmacy course, increased the achievement of students without having to
make any amendment to laboratory classes. Contextualized post-laboratory assessments may also be of
use in improving student engagement in laboratory classes by integrating science teaching into practice.
This suggests that integrated post-laboratory assessment may be a simple and effective intervention to
improve pharmacy students’ achievement and engagement in science classes.

The department of mathematics of the Furman University (USA) is suggesting that a small cohort
analysis does not preclude generalizability.3® To add to this, the department of mathematical Science,
University of Bath (UK) is suggesting that small data is sometimes preferable to big data and that the high
guality of a small sample can produce superior inferences to a low-quality large sample.“° However, the
results of this study will inform the design of more extensive research involving pharmacy students in the
UK.

Other information
Funding
No external funding was received for this study.
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