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Abstract

There is a large amount of research suggesting that traditional assessments in higher
education are outdated, and newer, more authentic assessment strategies should be pursued.
One such form of authentic assessment is a portfolio of learning evidence, and another is the
oral interview or oral assessment. However, the portfolio and interview are not simply
method of assessment, but also primary drivers of learning and creative thinking. In
mathematical education, the portfolio of learning evidence and interview assessment have not
been implemented widely, although some authors have considered the implications in terms
of assessmeant. This mixed-methods study examines the interplay between the use of
portfolios and interview assessments in a mathematical statistics module and Fink's
framework for significant learning, analysing a pre- and post-module survey including both
Likert-scale and open questions. The study finds that there are indeed numerous advantages
that can be gained from using these novel methods instead of traditional learning and
teaching methods. Through the use of the portfolios and interview assessments, significant
improvements appear in all facets of Fink’s framework, namely foundational knowledge,
application (and communication), integration, human dimension, caring, and learning how to
learn.
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1. Introduction

There is a large amount of research suggesting that traditional assessments in higher
education are outdated, and newer, more authentic assessment strategies should be pursued
(for a good overview, see Villarroel et al., 2020). One such form of authentic assessment is
associated with portfolios of learning evidence (see, for example, Marinho et al., 2021) and
another is the oral interview or oral assessment (see, for example, Kang et al., 2019).
However, the portfolio is not simply a method of assessment, but also a primary driver of
learning and creative thinking (see, for example, Barak & Doppelt, 2000; Habib & Wittek,
2007). In mathematical education, the portfolio of learning evidence has not been
implemented widely, although some authors have considered the implications of introducing
portfolios, mostly in terms of assessment (see, for example, Fukawa-Connelly & Buck,
2010). This paper examines the interplay between the use of portfolios and interview
assessment in a mathematical statistics module and the framework developed by Fink (2003).

Portfolio creation can be an engagement technique (Barkley, 2010: Chapter 19), especially
when students have choices in how they learn (Tosh et al., 2005). They are valuable tools for
deep learning (Tosh et al., 2005) and assessment (Fukawa-Connelly & Buck, 2010; Sole,
2012; Tosh et al., 2005). Portfolios encourage the development of skills in mathematics
(Fukawa-Connelly & Buck, 2010), which is in essence the competency needed to reach a
learning outcome, keeping in mind that the goals of the portfolio are clearly defined and
aligned with the learning outcomes (Tosh et al., 2005). Portfolios are excellent repositories of
writing assignments, which, even in mathematics, are linked positively with deeper
understanding and academic achievement (Fukawa-Connelly & Buck, 2010). They improve
communication skills and confidence, and aid students to recall and use the correct
mathematical terminology (Sole, 2012). Portfolios provide a rich, archived record of work for
sharing with peers and prospective employers (Sole & Weinberg, 2017). This research
suggests that portfolios of learning evidence, when coupled with oral interview assessments,
will more likely create significant learning experiences for mathematical statistics students
than traditional assessments. Research of this nature has not been performed in mathematics,
especially research linking Fink’s (2003) taxonomy to the benefits of these teaching and
assessment methods.

2. Research Problem

Portfolios were used as a method of instruction and assessment (with oral interviews
supplementing the assessment) in two mathematical statistics modules at second- and third-
year level for two years. The research objective was to confirm the informal observation of
the significant learning experiences witnessed. These changes occurred across student
understanding, retention of knowledge, self-directed learning, and critical cross-field skills
like communication, time management and self-reflection, all facets of Fink’s (2003)
taxonomy (see Figure 1). Thus, it was natural to develop and apply a questionnaire for
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students in one of these modules, exploring the link to Fink’s taxonomy, a taxonomy
established for “significant learning” experiences.
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Figure 1 Taxonomy of Significant Learning

Source: Fink (2003)

The main purpose of the research is the identification of where in Fink’s taxonomy (and
how) portfolios of learning evidence and oral interview assessments have an advantage over
traditional textbook-to-written-test methodologies experienced by students in their schooling
and in most of their first-year modules at university.

3. Learning, Teaching and Assessment Method

The module in question is STSM2616: Sampling Distribution Theory and Inference, at the
University of the Free State, South Africa. The method used for learning, teaching and
assessment was developed by the author since 2020. No literature was specifically used in the
development of this method, other than the texts mentioned in the introduction motivating the
move away from more traditional teaching and assessment methods. It is assumed that the
students in this module are generally not familiar with the creation of a portfolio of learning
evidence and have never had an oral / interview assessment. Therefore, much of the module’s
teaching time is reserved for the development of graduate attributes necessary to succeed in
these assessments.

The module’s teaching time is split into flipped classroom sessions, portfolio creation
training, and online portfolio critiquing sessions so that students can become familiar with the
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online learning management and classroom system. Students’ portfolios must include the
following:

e Textbook and module guide content, such as definitions, theorems and their proofs,
exercises/problems with solutions, module outcomes, etc.

e Understanding of content / evidence of learning. This is encouraged by telling the
students that if all “copied-and-pasted” (or re-written) content is removed, there must
be enough evidence of learning left over to suggest a journey towards understanding
of the module content.

e Assignments. These are singular problems from each of the sections of the module
content (four in total) that are chosen as display pieces for that section. The problem
and solution are typed out in word processing software with an equation editor, and
both the problem itself and the processes involved in creating the assignment are
reflected upon.

e Extra material, covering anything from tutorials found online, programming done by
the students themselves or from online sources, to appropriate tutorial or explanatory
videos from online sources, histories of the methods found online, to personal mind-
maps and answers to potential interview questions, etc.

e Reflections on the processes involved in creating the portfolio and in learning new
mathematical statistics skills, as well as on the student’s own understanding of certain
topics (or lack thereof).

One of the primary purposes of the implementation of these learning, teaching and
assessment methods was to stimulate the development of graduate attributes, including:
academic competence and research skills, through the processes involved in collecting,
valuing, curating and compiling information from multiple sources for the portfolio
instrument; written communication, through the creation of a portfolio of learning evidence;
oral communication, through class activities and online interview sessions; digital skills,
through the digital nature of the portfolio document and the assignment problems built into
the portfolio; and personal management skills, for example time management, backing up
of important data, etc.

The portfolios are assessed mid-semester and at the end of the semester, and in each case a
30-minute interview follows the portfolio assessment. A rubric is developed that encourages
the creation of a complete, organised and practical portfolio including multiple mathematical
and practical examples, as well as professional conduct and adequate knowledge display
before and during the interview. In the interview, the student is asked around 10 questions on
the module content. The interview questions are split into two groups — those that are given to
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the students beforehand in the course guide, and those that are not.! Interviews are recorded
so they may be queried after the assessment period, with this transparency contributing a
great deal towards the validity, reliability, and fairness of the assessment. During the
interview, the completed portfolio assessment rubric is also discussed, so that the student has
an opportunity to immediately receive assessment feedback and challenge any marking
errors.

The interview and portfolio assessment are critical to each other’s optimal functioning.
When there is a mismatch between evidence of learning (shown in the portfolio) and
understanding (shown in the interview), then intervention is required. When a student has a
deep understanding of the module content but is unable to display as much in their portfolio,
the student is given additional training in portfolio creation. Conversely, when a student has
managed to create what seems to be an excellent portfolio, but their understanding of the
module content is lacking, then the student either needs help with interview anxiety, with
communication skills, or with a fundamental understanding of the idea that only content that
can be defended should be kept in the portfolio. This intervention is arguably the more
serious of the two, since the problem of matching less knowledge with higher-quality
portfolio content could also bring to light potential cheating, plagiarising other students’
work, etc.

4, Study Methodology

Students in the 2022 cohort of the STSM2616 module were briefed on the study and its
purpose and were asked to anonymously complete two questionnaires containing both Likert
scale questions and open-ended questions based on aspects needed for significant learning
from Fink’s (2003) taxonomy. The first questionnaire, the “pre-module” questionnaire, was
completed at the start of the module and was concerned with significant learning experiences
in the respondents’ first-year mathematical statistics modules. This survey did not intend to
evaluate or criticise the first-year modules in any way, but rather to gauge the students’
comfort with mathematical statistics concepts going into their second year. It should be noted
that the first questionnaire was answered after a vacation period, a full three months after
having seen the first-year module content, which the questionnaire referred to. The “post-
module” was administered towards the end of the module. The questionnaire contained
identical questions to the first questionnaire, except this time it referred to significant learning
experiences with the second-year module.?

In addition to the pre-module questionnaire asking students what their first-year grade for
mathematical statistics was, both questionnaires included three or four Likert-scale questions

! In most instances, the same interview questions are asked in each student’s interview. However, variations
of the questions, as well as unique questions, are easily integrated into the interview if it is clear that a student
has been coached by another interviewee.

2 Both questionnaires received ethics approval from the institution’s General/Human Research Ethics
Committee, with clearance number UFS-HSD2022/0041/22.
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for each of Fink’s taxonomy’s six sections, and four open-ended questions (one for each of
foundational knowledge, application and communication, and integration, and one for
the remaining sections of the taxonomy). Foundational knowledge questions were
concerned with the student’s ability to remember content, concepts, terminology and
mathematical proofs. Application and communication questions asked whether students
could still apply the skills they learned, and whether they could explain or discuss concepts or
mathematical proofs in a conversation. Integration questions asked whether students knew
how the skills they learned are used in practice, in other modules, or potentially in their
futures. Questions on the human dimension were concerned with students identifying
strengths and weaknesses in their mathematical statistics studies, as well as identifying
similarities and differences between themselves and their peers. Caring questions probed
students on whether they developed statistics-related interests, or whether they cared about or
valued the subject. Finally, learning how to learn questions asked whether students became
better, more curious students, capable of self-directed learning. Details of the questions asked
are given in Appendix A.

From the class of 67 students, a total of 51 (76%) completed the pre-module questionnaire,
while only 27 (40%) completed the post-module questionnaire. While this is a large drop in
respondents, it is still well above the recommended 30% response rate required for such
research (Oates, 2006). The exact pre- and post-module questions are given in Appendix B
(Tables 3-9). All the Likert scale questions were asked in a positive manner, meaning that
responses were ordered such that positive sentiments concerning learning experiences were at
the top of the scale. Various reliability measures are calculated, including Cronbach’s a and
McDonald’s congeneric reliability measures wy ,w. and wy (McDonald, 1970, 2013).

Two-sample (unpaired) comparison tests are used to compare the aggregated quantitative
pre- and post-module responses. Since there is some debate between using non-parametric
and parametric tests for Likert scale data (de Winter & Dodou, 2010), both the Mann-
Whitney-Wilcoxon and two-sample t-tests are performed (with Holm-Bonferroni modified
test results accounting for multiple comparisons). Additionally, Vargha and Delaney’s A-
statistic (VDA) is calculated for each question, indicating the probability that a response
value from the post-module questionnaire would be higher than the corresponding response
from the pre-module questionnaire (Vargha & Delaney, 2000).

S. Analysis

5.1 Reliability

Before discussing the quantitative results, let us briefly consider the survey reliability
measures calculated in Table 1.
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Table 1. Reliability Measures

Measure Pre-Module Post-Module
a 0.89 0.95
Wy 0.45 0.68
Weo 0.49 0.70
wr 0.92 0.97

We have high a and joint reliability w; of the model factors underlying the data, with
lower general factor reliability, wy, and its asymptotic and less biased variant, w., (Trizano-
Hermosilla et al., 2021). This is not too concerning, as we are more interested in overall
reliability than the one-factor version for a data set that summarises multiple facets of student
learning.

5.2  Quantitative Results

Overwhelmingly, all tests suggest highly significant improvements in responses after the
module, which are detailed in Table 2. There is little difference in results between the
parametric (t-) and non-parametric (Mann-Whitney-Wilcoxon) tests. The VDA statistic,
indicating the probability that a response value from the post-module questionnaire would be
higher than the corresponding response from the pre-module questionnaire, is always above
65%.

The smallest increase in mean response is 0.582, evident in Question 16, concerning the
ability to identify weaknesses in statistics, which could be corrected in future. Still, this is a
highly significant increase, with a response from the post-module questionnaire almost 70%
likely to be higher than for the pre-module questionnaire. On the other end of the scale, the
largest increase in mean response was 1.933, for Question 3, concerning the ability to use
statistical terminology. This is also a highly significant increase, with a 91% chance that the
response from the post-module questionnaire is higher than for the pre-module questionnaire.

One might suspect that the most positive attitudes towards learning experiences are always
experienced by those at the higher end of the grade scale. While this is true for most elements
of the taxonomy, it is not universal in this research. More detail is given in Appendix B.

Visual analysis of the pre- and post-module responses are displayed in comparative bar
charts in Appendix C, and they seem to reiterate the quantitative findings. There is
overwhelming evidence to suggest that attitudes towards significant learning experiences
improved after the module. No anomalies seem to be present in the visualisations.
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Table 2. Pre/Post Quantitative Comparison

Vargha
Mann- and
Whitney- Delaney’s
Pre Post Wilcoxon  t-test p- A-
Mean Mean p-value value statistic
(SD) (SD) Increase (adj.) (adj.) (VDA)
Q2 3.000 4519 <0.001 <0.001
(1.149)  (0.643) 1519  (<0.001)  (<0.001) 0.869
Foundational 03 2.549 4,481 <0.001 <0.001
Knowledge (1.119)  (0.643) 1.933  (<0.001)  (<0.001) 0.914
Q4 1.902 3.000 <0.001 <0.001
(1.204) (1.074) 1.098 (0.001) (0.001) 0.753
Q6 2.980 4.074 <0.001 <0.001
(1.122)  (1.035) 1.094  (<0.001)  (<0.001) 0.767
Q7 2.804 4.407 <0.001 <0.001
Application and (1.184)  (0.931) 1.604  (<0.001)  (<0.001) 0.859
Communication 08 2.314 4.000 <0.001 <0.001
(1.029)  (1.074) 1.686  (<0.001)  (<0.001) 0.861
Q9 2.196 3.370 <0.001 <0.001
(1.233)  (1.275) 1.174 (0.001) (0.001) 0.746
011 2.765 4,222 <0.001 <0.001
(1.193) (0.974) 1.458 (<0.001) (<0.001) 0.822
Intearation 012 3.216 4,222 <0.001 <0.001
g (L172)  (0.974) 1007 (0.001)  (0.001) 0.750
013 3.157 4,556 <0.001 <0.001
(1.239)  (0.641) 1.399  (<0.001)  (<0.001) 0.832
Q15 3.647 4,259 0.005 0.011
(1.128) (1.059) 0.612 (0.0112) (0.019) 0.670
Human 016 3.863 4.444 0.001 0.009
Dimension (1.000) (1.013) 0.582 (0.006) (0.019) 0.696
Q17 3.118 4,296 <0.001 <0.001
(1.423)  (0.953) 1.179 (0.001)  (<0.001) 0.743
018 3.627 4,296 0.010 0.002
(1.199)  (0.724) 0.669 (0.011) (0.008) 0.654
Q19 3.451 4,259 0.004 0.002
(1.346)  (1.023) 0.808 (0.011) (0.008) 0.679
Caring
Q20 3.686 4.630 <0.001 <0.001
(1.191) (0.629) 0.943 (0.001) (<0.001) 0.746
Q21 2.961 4,222 <0.001 <0.001
(1.399)  (0.974) 1.261 (0.001)  (<0.001) 0.757
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022 3.19 4.185 <0.001 0.001
(1.265)  (1.178) 0.989 (0.001)  (0.004) 0.740
023 3.353 4.259 0.001 0.001
Learning How (1.246)  (1.059) 0.906 (0.003)  (0.004) 0.717
to Learn o024 3.078 4.333 <0.001 <0.001
(1.230)  (1.144) 1255  (<0.001)  (<0.001) 0.800
025 2.843 3.741 0.002 0.004
(1.347)  (1.403) 0.898 (0.010)  (0.013) 0.690

5.3  Linking Quantitative with Qualitative Results

5.3.1 Foundational Knowledge

Quantitatively, it is clear that students are more confident that they will be able to retain
the knowledge and skills learned using the portfolio and interview method. In the open-ended
pre-module question, Question 5, the most common theme identified is that of not retaining
the knowledge from the previous year’s module. No fewer than 21 students (37%)
commented on not retaining the previous year’s knowledge. Eight students (16%) mentioned
something about rote learning being a reason for their success. Only a single student
elaborated on their confidence to reproduce the knowledge from the previous year, and one
other student specifically mentioned the convenience and ease of written tests. One response
summarised the class’s negative sentiment towards the traditional teaching method:

“I never really understood anything we did in class or why we did it. We did
all these different types of distributions but I never knew what any of them
meant and what they are used for, | just memorized the name and its formula.
At the beginning | was worried because | didn't understand anything we were
doing in class but I realised that I don't have to know anything I just had to
know how to answer the questions in the test which is easy because they don't
really change anything they just change the numbers or variables in the
questions. So instead of learning the work | just learned the system and I got
distinctions and high marks so | honestly did not question it or think about it.
But 1 knew | didn't understand the work | just knew how to do the
calculations]...]

It is important to understand the difference in learning contexts between these students’
first and second years in mathematical statistics, moving from a large class environment
(120+ students) to a much smaller one (=70). In a large class, it may be that traditional
textbook-to-test teaching and assessment methods feel like the only efficient methods
available to lecturers. However, while there are both arguments for and against them,
especially within large-class environment, this student’s comment highlights the rationale for
this study, namely the proposal of a different teaching and assessment method within
statistics education.
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In the post-module open-ended response on foundational knowledge, no fewer than 12
students (44%) wrote something positive about their learning experience. The students found
the differences in the learning methods, mostly the research aspect, refreshing and effective
for knowledge retention. They also found the weekly opportunity to have their portfolios
critiqued very helpful, and the flipped classroom during lecture times more engaging. One
student made the connection between their foundational knowledge and communication, and
one uncovered a link between their foundational knowledge and their career. One student’s
eloquent discussion summarises the change in learning style:

“The teaching method being researched helped me to understand the module
content better than if the standard textbook and test method was used, because |
cannot just memori[s]e and regurgitate everything in an exam setting, | actually
have to understand the module content in order to do well. Your mark is now
linked to your understanding and not to your ability to memori[s]e information.
This teaching style incentive[s]es understanding rather than memori[s]ation,
which is a key part of why | think that I will retain more of what | learned with
this teaching style than | would have with the traditional style. The portfolio-
making aspect also forces you to spend a certain amount of time engaging with
the module content, leading to better understanding of the work being done.”

There is no doubt that constant revision of content while creating and maintaining a
portfolio, as well as engaging with the content both visually and verbally throughout the
module, assist in settling concepts in long-term memory. One drawback from the post-
module survey needs to be noted for this section of the taxonomy, namely that the post-
module questions were asked near the time of the final interview assessment, rather than
three months after having seen the content that is being referred to, as in the pre-module
questionnaire. Naturally, we can expect students to remember less content after a period of
time away from the module. However, when investigating this a little deeper, the data
provide interesting insights from the pre-module questionnaire. An example of this (for
Question 4) is given in Appendix D.

5.3.2 Application and Communication

Identifying themes in the qualitative analysis for application and communication is a more
complex task than for foundational knowledge.> Some students were still intent on
commenting on the teaching methods used in the previous year. However, it was clear from
13 (25%) students’ comments that they would have trouble communicating their knowledge
verbally, as mirrored in the ordinal responses for Questions 7, 8 and 9. Of these 13 students,
six mentioned that their (written) application of methods learned would be stronger than their
verbal communication of their knowledge. We might expect this, based on the written
methods used to assess these students. For example, one student wrote,

% In hindsight, an open-ended question concerning application of knowledge should have been distinct from
one on communication.

75

www.iaceducation.org info@iaceducation.org




O AE eoucATioN

th 1 ~ 1c e N
6™ International Academic Conference on 24 - 26 March. 2023
EDUCATION Oxford, The United Kingdom

“I can apply statistical properties to problems (because | memori[s]ed the
steps needed to solve the problem) , but I do not understand the content well
enough to engage in conversations with peers or experts.”

We can see a significant shift in the mode (and not only the means displayed in Table 2)
for the response distributions for Questions 6 to 9, with much more positivity concerning
application and communication after the STSM2616 module. In the post-module
questionnaire, students mentioned several positive aspects about the module, including
improvements in knowledge retention, self-directed learning, and effectiveness. Six students
(22%) mentioned improvement in statistical communication. For example:

“The fact that I am assessed with interviews, incentive[s]es me to be able to
discuss the module content verbally. This is useful because in the real world, |
will have to be able to talk about my understanding of certain topics (for
interviews and for collaboration with colleagues). The ablilit]y to discuss the
module content verbally is much more useful than being able to write an exam
on the work (because the real world does not give you exams to do for job
interviews, you are verbally assessed on your understanding of a certain field of
study.)”

Two students offered some insight into the drawbacks of this method of teaching,
suggesting that the module’s mathematics can be difficult to do independently, while another
required more detailed revision of the proofs. However, there were no overtly negative
comments from the respondents.

It is clear from both the quantitative and qualitative results that the portfolio and interview
method aids students in applying their knowledge in different contexts, and in
communicating their knowledge effectively. More than this, the students realise the
importance of these skills.

5.3.3 Integration

After the STSM2616 module, students also showed a significant increase in average
response about how mathematical statistics might be used in their futures. From the pre-
module open-ended question, Question 17, there were four students (8%) with positive
comments about recognising statistics as useful, and two students (4%) with neutral
comments. A total of 10 students (20%) admitted that they do not know where their first-year
mathematical statistics skills would be used in the future. One student was particularly
vociferous in their response:

“It completely moves past this part of studies. In a practical sense, The
module would teach me how to interpret data different datasets, such as gamma
or normal distributions, but I can't identify what data is which, and | wasn't told
what each will be used for, and what it means if data follows a certain
distribution. In essence, last year this aspect of learning was non existent in my
opinion, in just about any field. There's a reason the most common thing people
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experience once they enter the workforce is confusion and needing to learn
everything all over again.”

From the post-module open-ended responses, seven students (26%) indicated an
improvement in their ability to link their mathematical statistics knowledge to their other
modules, their future statistical modules, or even to their daily lives. There were no negative
comments concerning integration of statistical knowledge from the post-module respondents.

It is the author’s opinion that the diversity of sources that students must use when creating
a portfolio of learning evidence and incorporating statistical examples, leads a student to
discover where the skills they are learning are used in practice. It is a very natural process
when the source of examples is not a single teacher or textbook.

5.3.4 Human Dimension, Caring, and Learning How to Learn

Quantitatively, the same result, with significant increases in average responses, is evident
for the last three facets of Fink’s taxonomy. Question 16 had the highest pre-module mean,
with most students agreeing to some degree that after the first year in mathematical statistics
they had already identified weakness in studying mathematical statistics modules. It is the
author’s opinion, however, that these perceived weaknesses are completely different to the
perceived weakness at the end of the second-year module, since the method of learning is so
different. One student might have struggled with applying methods to unfamiliar problems
after the first year, and then may have struggled even more with learning concepts to be able
to discuss them verbally. This is where the open-ended question becomes so valuable to
qualify what strengths and weaknesses were identified and when they were identified.

The most pleasing qualitative result is the lack of low-scale responses paired with the
“agree completely” option always being the most popular category after the module. We are
clearly seeing students becoming more aware of their strengths and weaknesses in
mathematical statistics, being more interested in the subject, and becoming more confident
self-directed learners.

In the open responses for the last three categories of Fink’s taxonomy, there were 10
students (20%) responding with a positive review of the mathematical statistics from the
previous year, and 15 (29%) with a negative review, at least in terms of the prompt from
Question 26. On the positive side, one student wrote,

“Studying Mathematical statistics opens up your mind and it can help you
analy[s]e real life problems and solve them easily.”

However, some of the responses were positive in a rather convoluted manner — the
students being happy for passing perhaps while not deserving it. For example, one wrote,

“I became more confident, even though I didn't understand much, the fact |
got distinctions was really a confiden[ce] boost.”

Another student was pleased to have passed without engaging the lecturer:
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“I managed to tackle some of the problems without asking help from the
lecturer and it helped me a lot because | passed my examination test with
distinction and it will be an advantage to me in the future. I'm even enjoying the
stats way more.”

One student suggested the previous teaching method might be better than what was on the
horizon for them in the STSM2616 module, writing,

“I prefer not to speak, learning as I learnt last year was comfortable in that

2%

way .

However, amongst the negative responses, five of the students complained in particular

about the learning style from their first year. One such student described the perceived futility
of the learning style, writing,

“Last year’s statistics never gave me the opportunity to broaden my
understanding of the topic however gave me the impression that memorising
the proofs and formulas guaranteed me a pass however would not benefit me in
the long run.”

For some, rote learning (or “cramming”) caused particular stress:

“Mentally, second semester stats caused me to have anxiety attacks because I
was struggling to memori[s]e all those proofs, not knowing that they aren't that
important”.

Another student complained about the speed at which content was covered, to the extent
that they felt “dehumanised”:

“The method of learning crams content down your throat at astronomical
speeds without having much of any failsafe if the content is not understood. It
doesn't make you want to learn, which is the single most important factor
towards learning something in my opinion. It also feels dehumanising, making
you just another number in a system which has a percentage of passing, when
in a practical sense all that matters is passing or failing, not by how much you
do so”.

There seemed to be a mix of emotions displayed by the pre-module survey respondents.
However, looking at the pre-module qualitative and quantitative data together, it is clear that
some improvement could be made in terms of learning and teaching methods, or in
assessment structure, load or methodology, when considering these last three facets of Fink’s
taxonomy.

In the post-analysis open-ended question for this half of Fink’s taxonomy, a large
proportion of the respondents took the opportunity to write down their thoughts concerning
the development of graduate attributes and positive and negative changes in anxiety over the
semester. Respondents mentioned improvements in communication and self-expression,
problem-solving skills, knowledge retention, work ethic, time management, responsibility,
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digital skills, learning skills, and even inspiration to become a better student. In total, 13
students (48%) were positive about the module in terms of the human dimension, caring,
and learning how to learn. Four students (15%) mentioned that their anxiety about the
module started off as worse than the previous year, with the mystery of the teaching method
ahead of them. However, two students (7%) found the module less stressful compared with
mathematical statistics in the first year, as working consistently was preferable instead of
having to study (or “cram”) for tests or examinations. Take the following discussion, for
example:

"... I believe that method of learning through a portfolio was very effective in
retaining knowledge & better than the usual method of studying content which
involves cramming content. ... One of the main reasons as to why | thoroughly
believe that an assessment through a portfolio & interview is better is mainly
due to the decrease in pressure & stress that we would have [had] to undergo
during a test and/or exam. | can honestly say that the journey of producing my
portfolio & having to have been assessed through an interview has indeed been
beneficial as well as fun. 1 would definitely much rather prefer this method of
learning & assessing to be implemented or applied to all academic
subjects/modules instead of having to study vigorously for tests and/or exams.”

In creating portfolios and discussing and reviewing them continuously, students were
encouraged to self-reflect on mathematical statistics weakness/strengths, cares, interests, and
concerns. This represents a direct connection to Fink’s human dimension and caring.
Moreover, the use of a wide variety of sources for portfolio content ensured that students had
the opportunity to discover methods of learning that suited them as individuals, becoming
better self-directed learners in the process.

6. Conclusion

The following excerpt is taken from a student’s self-reflection at the end of their
STSM2616 portfolio:

“Last year | went through the motions, my marks decreased severely from
matric. I always wondered why I’'m doing this; the modules didn’t interest me.
| was bored.

However, when this module happened, | had a blast! I was completing
tasks beyond was what was expected of me. | was challenging myself. | was
asking myself difficult problems and using my problems|[-]solving skills and
the skills 1 have learned during this module to come up with solutions.[...] My
results drastically increased not just for this module but for all my other
modules. I star[t]ed enjoying the other modules because I didn’t just complete
the work that was expected of me, | was learning additional things for self-
enrichment. And | was enjoying the work that we were being assessed on
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because | knew how it would be used in the industry and how | can build upon
it.”

This reflection illustrates a drastic change in a student’s attitude towards academics when
shifting from traditional learning, teaching and assessment methods towards a method that is
built with Fink’s entire taxonomy in mind. The student has become a competent self-directed
learner, integrating skills from different modules to solve industry-related problems that she
chose to cover in her portfolio. | feel we could confidently say that she experienced
significant learning in this module.

This student’s experience is not unique. Thus, this research has provided both quantitative
and qualitative evidence to suggest that the portfolio creation experience, when coupled with
interview assessments in a foundational mathematical statistics module, leads to a richer and
more rewarding learning experience for most students when compared with traditional
methods of teaching and assessment. The results of this research are positive across all six
areas of Fink’s taxonomy, making the methods employed highly suitable for generating
significant learning experiences for students in a foundational mathematical statistics module.
This research expands on existing literature in the fields of mathematical statistics education,
portfolios for both summative and formative assessment, and interview assessments.
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Appendix A
Table 3. Questions for Foundational Knowledge
Foundational Knowledge
Pre-Module Question Post-Module Question
Q| My average for the mathematical statistics modules
1 | completed last year was: [90% or above, 75%-
P y [ 0, 0 [Not asked]
89%, 60%-74%, Below 60%, I don’t know / I would
prefer not to say]
Q I remember the content of the mathematical : belleve.l wil .re.member the content of the
2 - mathematical statistics (STSM2616) module |
statistics modules | completed last year. [1-5] .
completed this semester. [1-5]
. . I can use the terminology of the mathematical
Q I can use the terminology of the mathematical . 9y .
3 . . statistics (STSM2616) module | completed this
statistics modules | completed last year with . . -
. o . semester with confidence. [e.g. central limit
confidence. [e.0. conditional expectation, . . . .
. . . s theorem, confidence interval, density function,
correlation, covariance, density, distribution, | . . . - L
. . . . distribution ~ function, efficiency, estimation,
domain, histogram, independence, mean, median, | . .
. . . inference, law of large numbers, moment-generating
moment-generating  functions, order statistics, . . . .
. - . function, Monte Carlo integration, sampling
permutation, probability, quantiles, range, sample | . . . . e
.. . distribution, simple random sampling, stratified
space, standard deviation, variance.] [1-5] . ..
random sampling, sufficiency.] [1-5]
. I can reproduce the proofs of the mathematical
Q I can reproduce the proofs of the mathematical . P P .
4 . statistic (STSM2616) module | completed this
statistics modules | completed last year. [1-5]
semester. [1-5]
. . . Is there anything you would like to add concernin
Q Is there anything you would like to add concerning yt gy .. . g
5 . . . the acquiring and retaining of Foundational
the acquiring and retaining of Foundational X .
. . Knowledge from the mathematical statistics module
Knowledge from the mathematical statistics .
(STSM2616) you completed this year? [Open
modules you completed last year? [Open answer]
answer]
Table 4. Questions for Application and Communication
Application and Communication
Pre-Module Question Post-Module Question
Q - . . I can apply the probability and statistics skills |
| can ly the pr ili n isti kills 1 . . .
6 can apply the pobab .ty and statistics skills learned this semester in STSM2616 with
learned last year with confidence. [1-5] .
confidence. [1-5]
Q | can explain last vear’s mathematical statistics I can explain this semester’s mathematical statistics
7 P ¥ (STSM2616) module contents to a new student. [1-
module contents to a new student. [1-5] 5]
Q| I can discuss last year’s mathematical statistics | I can discuss this semester’s mathematical statistics
8 module contents with an expert in a conversation. | (STSM2616) module contents with an expert in a
[1-5] conversation. [1-5]
Q| I can discuss the proofs of the mathematical | I can discuss the proofs of the mathematical
9 statistics modules | completed last year in a | statistics module (STSM2616) | completed this
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semester in a conversation. [1-5]

10

Is there anything you would like to add concerning
the Application and Communication of the
knowledge from the mathematical statistics modules
you completed last year? [Open answer]

Is there anything you would like to add concerning
the Application and Communication of the
knowledge from the mathematical statistics
(STSM2616) module you completed this semester?
[Open answer]

Table 5. Questions for Integration

Integration

Pre-Module Question

Post-Module Question

11

I know how the skills I learned in the mathematical
statistics modules | completed last year are used to
solve practical (real-world) problems. [1-5]

I know how the skills I learned in the mathematical
statistics module (STSM2616) | completed this
semester are used to solve practical (real-world)
problems. [1-5]

12

I can connect the skills | learned in the
mathematical statistics modules | completed last
year with the other knowledge | gained in my first
year. [1-5]

I can connect the skills 1| learned in the
mathematical statistics module (STSM2616) |
completed this semester with the other knowledge |
have gained in my first and second year so far. [1-
5]

13

I can recognise where | might use the skills |
learned in the mathematical statistics modules |
completed last year in future, either in my career or
my studies or my life in general. [1-5]

I can recognise where | might use the skills I
learned in the mathematical statistics module
(STSM2616) | completed this semester in future,
either in my career or my studies or my life in
general. [1-5]

14

Is there anything you would like to add concerning
the Integration of the knowledge from the
mathematical statistics modules you completed last
year? [Open answer]

Is there anything you would like to add concerning
the Integration of the knowledge from the
mathematical statistics module (STSM2616) you
completed this semester? [Open answer]

Table 6. Questions for Human Dimension

Human Dimension

Pre-Module Question

Post-Module Question

15

Studying mathematical statistics last year, |
identified strengths in my abilities that will serve
me well in my later studies. [1-5]

Studying mathematical statistics (STSM2616) this
semester, | identified strengths in my abilities that
will serve me well in my later studies. [1-5]

16

Studying mathematical statistics last year, |
identified weaknesses in my abilities that | can
work on correcting in my later studies. [1-5]

Studying mathematical statistics (STSM2616) this
semester, | identified weaknesses in my abilities
that 1 can work on correcting in my later studies.
[1-5]

17

Studying mathematical statistics last year, | was
able to see similarities and differences in
viewpoints between myself and others studying the
same modules as | am. [1-5]

Studying mathematical statistics (STSM2616) this
semester, | was able to see similarities and
differences in viewpoints between myself and
others studying the same modules as | am. [1-5]
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Table 7. Questions for Caring

Caring

Pre-Module Question

Post-Module Question

18

Studying mathematical statistics last year, |
developed new statistics-related interests. [1-5]

Studying mathematical statistics (STSM2616) this
semester, | developed new statistics-related
interests. [1-5]

19

After studying mathematical statistics last year, |
care more about the mathematical statistics field of
study. [1-5]

After studying mathematical statistics (STSM2616)
this semester, | care more about the mathematical
statistics field of study. [1-5]

20

After studying mathematical statistics last year, |
recognise the value of mathematical statistics in
practice. [1-5]

After studying mathematical statistics (STSM2616)
this semester, | recognise the value of mathematical
statistics in practice. [1-5]

21

While (or after) studying mathematical statistics
last year, | would sometimes feel excited enough to
discuss something | had learned with my friends or
family. [1-5]

While (or after) studying mathematical statistics
(STSM2616) this semester, | would sometimes feel
excited enough to discuss something | had learned
with my friends or family. [1-5]

Table 8. Questions for Learning How to Learn

Learning how to learn

Pre-Module Question

Post-Module Question

22

Studying mathematical statistics last year helped
me become a better student. [1-5]

Studying mathematical statistics (STSM2616) this
semester helped me become a better student. [1-5]

23

My curiosity about statistics and probability has
increased since studying mathematical statistics last
year. [1-5]

My curiosity about statistics and probability has
increased since studying mathematical statistics
(STSM2616) this semester. [1-5]

24

After studying mathematical statistics last year, |
became better at self-directing my learning. [1-5]

After studying mathematical statistics (STSM2616)
this semester, | became better at self-directing my
learning. [1-5]

25

If I were to study this year’s mathematical statistics
modules without help from any lecturer, | believe |
would be able to master (understand and apply, not
memorise) the content. [1-5]

If I were to study this year’s mathematical statistics
(STSM2616) module without help from any
lecturer, |1 believe |1 would be able to master
(understand and apply, not memorise) the content.
[1-5]

Table 9. Open Question for Human Dimension, Caring, and Learning How to Learn

Human Dimension, Caring, and Learning how to learn

Pre-Module Question

Post-Module Question

26

Is there anything you would like to add
concerning any personal, psychological, or social
effects (advantages or disadvantages) of studying
mathematical statistics last year? [Open answer]

Is there anything you would like to add
concerning any personal, psychological, or social
effects (advantages or disadvantages) of studying
mathematical statistics (STSM2616) this year?
[Open answer]
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Appendix B

There is some argument that better students are more positive about their learning
experiences. While causality could be argued in both directions, it is at least worth
investigating to what extent this relationship holds in this data.

In Table 10, we consider only the Likert scale pre-module data as integer values and
calculate the averages, grouped by the mark the student obtained in the previous year for their
mathematical statistics studies. It is worthwhile to note that the most positive attitude towards
the creation of significant learning experiences is not always displayed by the best-
performing students. For example, it is evident that the best performing students do not retain
the knowledge of the mathematical proofs in the module (Q4), nor do they care most about
their peers (Q17), nor do they perceive the highest value for the subject (Q20). In general,
however, the relationship between positive attitude and high grades seems to be present.

Table 10. Response Averages by Performance

Average last year: Below_60% 60%-74% 75%-89% 90% or above
pre_Q2 2.40 2.30 321 3.43
F}:ﬁggﬁzé’gs' pre_Q3 2.00 1.90 2.79 3.14
pre_Q4 2.00 1.90 2.00 1.57
pre_Q6 1.80 3.00 3.04 3.57
Applicationand ~ Pre_Q7 2.00 2.80 2.82 3.29
Communication e (8 1.60 1.80 2.46 2.86
pre_Q9 1.80 1.80 2.25 2.71
pre_Q11 2.60 2.60 2.68 3.14
Integration pre_Q12 2.80 3.00 3.18 4.00
pre_Q13 2.60 2.80 3.25 3.43
pre_Q15 3.40 3.90 3.39 4.29
Human Dimension  pre_Q16 3.80 3.80 3.82 4.00
pre_Q17 3.00 3.40 2.93 3.29
pre_Q18 2.60 3.40 3.71 4.14
pre_Q19 2.00 3.20 3.68 371

Caring

pre_Q20 3.20 3.20 3.89 371
pre_Q21 1.40 2.90 3.07 3.71
Learning Howto  Pre_Q22 2.80 3.00 3.8 371
Learn pre_Q23 2.20 3.20 3.46 3.86
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pre_Q24 2.20 3.10 3.07 3.57
pre_Q25 2.60 2.30 2.96 3.57
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Appendix D

Question 4 of the pre-module questionnaire is worth noting. It is the author’s opinion that in
the traditional teaching and assessment methods, i.e., textbook-to-test, the best performing
students are those who have fine-tuned examination-writing skills to the extent that they are
merely “going through the motions” when a module is presented in this way. If we look at
this question on its own, we can see the exact cross-tabulations of responses.

Table 11. Cross-tabulation of Question 4 Responses by Performance

Question 4: 1T can reproduce proofs...

Disagree Disagree Agree Agree
completely somewhat Neutral somewhat completely
Average  90% or above 4 2 1 0 0
lastyear: 75048996 14 6 4 2 2
60%-74% 6 1 1 2 0
Below 60% 3 0 1 1 0
I don't know / |
would prefer not
to say 1 0 0 0 0

This table makes it clear that high-performing students are not retaining theorems and
proofs, but merely memorising them for the examination and forgetting them thereafter.
Three months after their first year examination, many students who performed well had
already forgotten the proofs they had memorised.
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