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ABSTRACT

Poor performing students have been found to generally report unjustified high levels
of confidence in their academic performance. The aim of this study was to elucidate
the reasons students provide as justifications for their perceived academic performance
in a chemistry test. As part of a larger mixed methods study, students enrolled in a
foundation chemistry course (N = 91) were required to justify their level of confidence
in the accuracy of their responses during a pre- and posttest set on a specific chemistry
topic. The qualitative data was analysed for the purposes of the current study and is
presented in this paper. The students’ responses shed light on the explanations
students give as justifications for their confidence judgements and the influence of
teaching on these explanations.
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INTRODUCTION

When we are prompted to make judgements on how we perceive our ability or how well we know something or
how well we have performed in a particular task, the judgements we report are called metacognitive judgements
(Dunlosky, Serra, Matvey and Rawson, 2005; Fernandez-Duque & Black, 2007; Koriat & Bjork, 2005; Rosenthal,
2000). Metacognitive judgements are extensively investigated partially due to the fact that mastering the skill of
accurately making them, may result in the effective regulation of self-paced study which is necessary in a university
environment (Dunlosky et al., 2005). Nelson and Narens (1990) identified several types of metacognitive
judgements namely ease-of-learning judgements (EOL), judgements of knowing or judgements of learning (JOL),
feeling-of-knowing judgements (FOK) and confidence judgements. The current study is part of a larger study
focusing on metacognitive judgements in an academic development programme, particularly confidence
judgements about mastery of a difficult chemistry topic (Mathabathe & Potgieter, 2014).

An academic development programme is an intervention by a tertiary institution to address under-
preparedness of incoming students for the mainstream programmes offered by that institution. The context of the
current study was an academic development programme offered with the goal of ultimately widening access to
mathematics and science-related careers (Potgieter, Dawidowitz, & Mathabatha, 2007). South Africa has a school
system that largely produces students who are under-prepared for tertiary science studies. Teaching in the
academic development programmes is specialised to give students the necessary support to address under-
preparedness. However, many of the students in these programmes have been found to report unjustified
exaggerated confidence judgements in their mastery of foundational chemistry concepts and skills (Potgieter et al.,
2007). Some scholars have argued that overly optimistic confidence judgements may be necessary to motivate
students to tackle the more difficult tasks but some have argued that not knowing what they do not know may put
students at risk of failure by negatively influencing decisions regarding study time management and self-regulated
learning (Ehrlinger, 2008; Mathabathe & Potgieter, 2014). A lot has been reported about the tendency of students to
make inaccurate judgements about their performance in various domains (Beyer, 1999; Ehrlinger, 2008; Nowell &
Alston, 2007; Schaefer, Williams, Goodie, & Campbell, 2004).
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Contribution of this paper to the literature

e  This study contributes to the growing literature on bias in self-evaluation in teaching and learning contexts.

e  While many studies reported from the perspective of educational psychologists have focused on quantifying
the level of bias in self-evaluation this study contributes to the field of chemistry education by reporting on
the impact of tertiary teaching and feedback on the quality of judgements made by students to justify their
academic performance.

e Few studies have focused on determining the reasons given by participants as justification for their
judgements of academic performance and how these are influenced by teaching.

THE LARGER STUDY

The larger study was conducted to determine how students in an academic development programme evaluate
their competence to solve chemistry problems and to determine the impact of tertiary teaching and feedback on the
quality of judgements made. The larger study took place in the second semester of a South African university’s
academic development programme. The study received ethical clearance from the institution where data was
collected. The purposively selected sample consisted of 91 multiracial participants who voluntarily participated in
the study and for whom complete records were obtained, i.e. 35 male students (38%) and 55 female students (60%)
and one record with gender information omitted. The ages of participants ranged between 17 - 25 years (M = 19).
Pretest data were collected before a 3-week period of instruction on stoichiometry and posttest data after instruction
and ample opportunity for guided and unguided problem-solving. The students shared commonalities in that they
were all taught stoichiometry by the same lecturer in the large group lecture setting. The students received further
support by way of small group tutorial sessions with plenty of problem-solving and constant feedback
opportunities. Even though they had different instructors with different teaching styles in the tutorial sessions, the
instructors worked collaboratively in terms of the material used as well the quantity, format and content of tests
and tasks given to the students.

Stoichiometry was chosen on the basis that it was part of the chemistry curriculum for the programme and it
had been identified to be amongst the topics that pose the most difficulty for first year chemistry students (Huddle
& Pillay, 1996; Potgieter et al., 2007). A decision to give a test on a difficult topic prior and post instruction was
deemed appropriate to deliberately investigate bias in performance evaluation before and after instruction. Pretest
and posttest data were collected through a 19-item test instrument with acceptable reliability (Mathabathe &
Potgieter, 2014). Each item in the instrument consisted of three tiers to enable the simultaneous collection of both
quantitative and qualitative data. For each item the first tier consisted of a multiple choice question on stoichiometry
followed by a Likert scale from 0% to 100% with 10% intervals on which participants were asked to indicate their
confidence in the accuracy of the chosen response in the first tier. Lastly, in the third tier participants were asked
to explain their choice of confidence indicators, this constituted qualitative data reported in this paper. For a student
who was 80% certain that the answer was correct, we assumed that he/she expected that there was an 80%
likelihood of the answer actually being correct. The average of all of the confidence ratings that were chosen by a
student gave a good indication of expected or perceived performance in the test. To determine accuracy of
performance evaluation, actual performance (test scores out of 19 converted to a percentage) were subtracted from
the perceived performance (percentage average confidence scores).

Taking into consideration the difficulty of the topic, the level of preparedness of the students in our sample and
the format of the test (multiple-choice) an acceptable margin of error was determined and set as the equivalent of
three out of 19 answers judged incorrectly which translates into a judgement error of 15.8%. Subjects whose average
confidence scores exceeded the test scores by more than 15.8% were labelled as overconfident (OC). The realistic
group (R) were subjects whose average confidence scores were between 15.8% and -15.8% (-15.8% and 15.8%
included). Subjects whose test scores exceeded their average confidence scores by more than 15.8% were labelled
as under-confident (UC). Using these criteria the majority of students were found to be overly optimistic about
their performance in both the pretest (69%) and the posttest (71%). With only 31% and 26% being realistic about
their performance in the pretest and posttest respectively and only two students emerging as underconfident in the
posttest.

The global view of results obscured the finer details about students who were able to show an improvement in
terms of accuracy in performance evaluation after instruction and those whose ability to do so deteriorated. Five
performance evaluation subgroups were defined on the basis of accuracy of evaluation in the pre- and posttests.
The five subgroups were labelled first by their pretest and then their posttest category. A large percentage of the
students showed no improvement in their accuracy of performance evaluation (OC-OC subgroup, 55%).The
number of students who acquired the skill of reporting accurate self-evaluations of their performance (OC-R
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subgroup, 14%) was similar to the number of students who reported overly positive self-evaluations of their
performance upon exposure to teaching (R-OC subgroup, 16%). Only two of the 28 students who were realistic in
their pre-test performance evaluation became underconfident in the posttest (R-UC subgroup, 2%). The R-UC
subgroup was deemed too small for meaningful inferences to be made and was therefore excluded in the
comparative analysis of performance evaluation subgroups.

Important to note from the findings of the larger study and relevant for the purpose of the current study is that
although the four subgroups could be assumed to be comparable in terms of prior knowledge in stoichiometry the
students in the four subgroups differed significantly in terms of learning gain (Hake, 1998). Students in the R-R and
OC-R subgroups distinguished themselves by demonstrating the quality of being able to gain from the teaching
and learning process and realistically evaluate their performance in the posttest. The OC-OC subgroup never
mastered the metacognitive skill of accurate performance evaluation, yet they demonstrated moderate learning
gain while the R-OC subgroup did not gain anything from the teaching and learning experience yet became
excessively confident in their mastery of stoichiometry. It became necessary therefore to understand how students,
who were consistently overconfident or became overconfident in the posttest, differed from the realistic students
in terms of the factors they cited when motivating their choice of confidence ratings. We also wanted to explore the
influence of teaching on these factors. The research literature was consulted in order to formulate a theoretical
framework that offers an explanation for the factors students rely on when constructing metacognitive judgements.

THE CURRENT STUDY: FACTORS STUDENTS RELY ON WHEN MAKING
METACOGNITIVE JUDGEMENTS

Modern education research was introduced to the construct of metacognitive experiences through the
publication of Nelson and Naren (1990)’s theory of monitoring and control. The theory focused on the interaction
between metacognitive monitoring and control. Metacognitive monitoring entailed processes that enabled
individuals to observe and reflect on, their own cognitive processes (Flavell, 1979) whereas metacognitive control
could be observed in the decisions and judgements individuals consciously or unconsciously made based on the
outcome of their monitoring. Monitoring is revealed by asking participants to make judgements about their
memory, knowledge, learning or comprehension. Control on the other hand is revealed by the actions an individual
engages in as a result of the monitoring, for example decisions about which items to study and the amount of time
allocated to study (Schwartz & Perfect, 2002). Accurate monitoring is therefore necessary because it informs the
decisions taken for corrective measures. A learner who possesses metacognitive abilities should then be able to plan
and select relevant strategies, monitor the progress of learning, make metacognitive judgements about progress
towards desired outcomes, correct errors, evaluate the effectiveness of learning strategies and change strategies
and learning behaviours when necessary (Ridley, Schutz, Glanz, & Weinstein, 1992). However, when faced with
solving a problem, novice learners often times do not try to examine a problem in depth; they are satisfied just to
scratch the surface. They do not try to reflect on the reasons for their success or failure and use this feedback to
improve performance.

The theoretical framework of Nelson and Narens (1990) gives an overview of different factors that guide the
monitoring and control processes that occur when a student studies for an upcoming examination and when a
student retrieves information during an examination. The framework consists of three stages, namely the
acquisition, retention and retrieval stages. The acquisition stage takes place prior to studying for the examination.
The retention stage occurs when a student is busy studying for the test and the retrieval stage is when the student
is taking the test and information is being retrieved. The current study focuses on factors students refer to or rely
on when making confidence judgements during the retrieval stage, i.e. test-taking.

Consistent with Nelson and Narens (1990)'s framework we propose that the metacognitive monitoring
processes students may experience while taking a test are as follows: a question asked in the test elicits either a
feeling of knowing (FOK) or feeling of not knowing (FOnK) (Jing, Kazuhisa, & Yuejia, 2003; Winnie & Nesbit, 2010).
When an FOK is elicited the students may claim a judgement of knowing (JOK), proceed to search their long-term
memory (LTM) for an answer, report the answer as correct and make a positive confidence judgement based on
recalled information or alternatively the student may give an answer and positive confidence judgement based on
how they feel (FOK). Failed attempts to retrieve a potential answer from memory should lead to no output. Lack
of or negative confidence in the accuracy of response should be based on reasons that a tip-of-tongue experience is
not elicited by the question or information given in the question or lack of knowledge. A JOK made without
consulting information in the LTM is based on merely a subjective conviction while a JOK made after searching
LTM should be substantiated with objective evidence such as possession or demonstration of task-related
declarative, procedural or conditional knowledge. JOKs based on feelings or incorrect information may lead to
incorrect outputs. Positive confidence judgements indicated for incorrect answers reported based on perceived JOK
or subjective conviction may result in bias in performance evaluation.
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Nussinson and Koriat (2008) make a distinction between two factors people may rely on when making
metacognitive judgements. When making metacognitive judgements people may rely on the knowledge or
information they retrieve from their LTM (information-based judgements) or on subjective feelings (experience-
based judgements). People, however often make metacognitive judgements based on subjective feelings rather than
on the information they retrieve from memory (Koriat, 1993; Koriat & Bjork, 2006; Nussinson & Koriat, 2008). In
their study of calibration accuracy of college students in classroom contexts, Hacker, Bol and Bahbahani (2008: 101)
observed “differences by performance level in open-ended explanations for calibration judgements”. Higher-
performing students compared to lower- performing students relied less on subjective factors when making
metacognitive judgements of performance.

Investigating the nature of justifications students make to substantiate their confidence judgements is important
because if the judgements are substantiated with objective evidence this gives an indication that students know
what they know and what they do not know. This is necessary if they are to identify areas for improvement.
However, if judgements are substantiated with vague evidence this may be an indication of the Kruger-Dunning
effect (Kruger & Dunning, 1999) that students may be unskilled and unaware. Thus not able to draw from the
experience, the information necessary to improve their future performance. In the current study we set out to
determine factors students allude to when justifying confidence judgements. The findings reported in this paper
represent our attempt to answer the following research questions:

e What are the factors that students in the performance evaluation subgroups allude to rely on when making
performance evaluations?

e What shifts, in terms of reliance on these factors, are observed, for each performance evaluation subgroup,
after the teaching of stoichiometry?

METHODS

Research Design

An embedded experimental mixed methods approach (Harrits, 2011; Leech & Onwuegbuzie, 2011; Maxwell &
Loomis, 2003) was followed for the larger study. Quantitative data was required to measure performance and to
determine accuracy of performance evaluation. Qualitative data presented in this paper, was collected to enrich
our understanding of the factors underlying metacognitive judgements (Nelson & Narens, 1990).

Analysis of Free-Response Explanations

Students were required to explain their choice of confidence judgement rating in each third tier of the
stoichiometry test instrument. Providing students with this opportunity enabled us to collect data which could
assist in shedding light on the factors informing metacognitive judgements of performance. The fact that one
subgroup achieved a learning gain significantly higher than the rest (OC-R) and one subgroup did not achieve any
gain at all (R-OC) highlighted the need to probe further for information that could explain the strengths and
deficiencies in metacognitive skills that gave rise to such a difference. The qualitative data proved to be a rich
resource for this purpose.

A software package called ATLAS.ti was used to systematically organise the students’ free responses according
to their pre-post performance evaluation subgroups. Following thematic analysis representations of patterned
responses or meaning were inductively identified within the data set (Braun & Clarke, 2006). Four hermeneutic
units were created, namely OC-OC, OC-R, R-R and R-OC. This was done to make it possible to separately analyse
the students’ responses according to their pre-post performance evaluation subgroups.

Qualitative data analysis entailed reading, re-reading and systematically coding responses in each hermeneutic
unit. To avoid multiple assignments of codes to the same response, each response had to be carefully read to find
the message it conveyed and coded accordingly. To reduce the codes into a reasonable number of categories, the
researchers first read through the codes to find themes that were recurring in the data. Related codes were
combined into themes. Each theme was assigned an identifying name using descriptive words from the text to
establish a category. In this way categories were identified and allowed to emerge from the codes. For greater
conceptual clarity categories that were linked to the same concept were grouped together to create super-categories.
The researchers clustered the responses by themes and created a total of twenty-seven categories which were
further grouped into eight super-categories. Table 1 shows the categories and super-categories that were generated
from the emerging codes. In order to demonstrate the nuances of statements in each super-category examples of
typical responses are provided for each category. Two additional super-categories were added resulting in ten
super-categories. Super-category nine (SC 9) labelled “No explanations’, covered all the entries where students
omitted explanations for their choice of confidence judgement ratings. Super-category ten (SC 10) labelled as
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Table 1. Super-categories and categories generated from emerging codes

Super category (SC) Categories (C)
DECLARATIVE C7: What the person thinks is required to solve a problem. E.g. ‘used conversion factor method’
KNOWLEDGE (SC1) C9: Uncertainty due to deficit in general declarative knowledge. E.g. ‘Not sure of theory’

C19: Perceived possession of declarative knowledge required to solve the problem.
E.g. '’know theory’
PROCEDURAL C8: Uncertainty due to deficit in general procedural knowledge (approach and method).
KNOWLEDGE (SC2) E.g. ‘not sure how to work out’
C15: Certainty based on the perceived possession of specific procedural knowledge that can be
named and demonstrated — (balancing/calculations).
E.g. ‘sure of calculation’ or student has shown how answer has been worked out or
provided a balanced equation.
C22: Lack of specific procedural knowledge. E.g. ‘don‘t know how to intermingle particles’
C23: Perceived possession of relevant skills to solve the problem.
E.g. ‘Can calculate limiting reactants’
C27: Perceived possession of test-taking skills. E.g. ‘used process of elimination’
GLOBAL EVALUATION OF  C1: Estimation of chance. E.g. '50% chance of getting answer right’
ANSWER (SC3) C2: Subjective feeling of doubt or uncertainty. E.g. ‘Doubtful’
C3: Informed guess. E.g. ‘Guess’
C5: Lack of confidence. E.g. ‘don’t feel confident’
C6: Vague judgement of how answer looks in comparison with given responses. E.g. ‘it's right’
C10: Certainty due to a subjective, vague feeling not based on any evidence.
E.g. ‘'sure of answer’
C11: Certainty due to a subjective feeling based on perceived correctness of answer.
E.g. ‘believe answer is correct’
C12: Estimation of confidence in approach or answer. E.g. ‘confident with work’
C13: How own answer compares with given multiple choice options.
E.g. ‘closest value to own answer’
C14: Certainty due to an appeal that answer makes sense or is logical. E.g. ‘Answer makes sense’
C17: Unreflective, almost defensive evaluation. E.g. just know’
C18: Global feeling that answer is right. E.g. ‘this is how [ feel’
FEELING OF C4: Feeling of general inadequacy and unpreparedness. E.g. ‘haven't studied yet’
UNPREPAREDNESS (SC4)
EXTERNAL FACTORS (SC5) C20: Deficits of the question. E.g. vague question’
C24: Familiarity with question or concept. E.g. ‘done in high school’
C25: Unfamiliarity with question or concept. E.g. ‘never seen such question before’

METACOGNITIVE C16: Metacognitive strategy. E.g. ‘double checked solution’
STRATEGIES (SC6)
MATH SKILLS (SC7) C21: Uncertainty due to inadequate mathematical skills. E.g. ‘No idea how to calculate’

LACK OF MEMORY (SC8)  C26: Lack of memory. E.g. ‘Forgot how to work out’

‘Others’ represented all the responses that could not be coded such as incomplete sentences, incomplete equations
etc. To ensure reliability of the method of coding and the validity of the designated codes, the researcher and an
independent coder coded the responses to the open-ended third tier items and solved their coding discrepancies
by mutual agreement. The inter-rater reliability reached 0.83 in the pretest and 0.91 in the posttest. The two kappa
values fall within a range of values indicative of strong agreement (Fleiss, 1981).

RESULTS

While data is being coded, ATLAS.ti counts the frequency with which the codes occur. For each performance
evaluation subgroup, the number of times a category emerged was first determined. These numbers were
converted into percentage values. The frequencies of occurrence of responses in the categories belonging to a single
super-category were added together to represent the frequency of occurrence of responses in that super-category.
During the analysis of qualitative data it emerged that some categories had very low incidences of occurrence and
therefore in deciding whether the frequency with which a specific category or super-category was cited was
significant or not, an arbitrary cut-off value of 5% was adopted. Based on this criterion, the super-categories labelled
Declarative knowledge (SC1), Procedural knowledge (SC2), Global evaluation of answer (SC3), and External factors
(SC5) emerged as major super-categories. The incidences of occurrence of super-category 4 (The feeling of
unpreparedness) were of marginal prominence while those of Metacognitive strategies (SC6), Mathematics skills
(SC7) and Lack of memory (SC8) super-categories showed incidences of occurrence which were too scarce to be
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Table 2. Frequencies of occurrence of super-categories of performance evaluation subgroups in the pre- and posttest

Super-categories (SC) 0C-0C (50) OC-R (13) R-OC (15) R-R (11)
Pre (%) Post (%) Pre (%) Post (%) Pre (%) Post (%) Pre (%) Post (%)
SC1 Declarative knowledge 5.1 7.9 4.5 5.7 6.0 6.0 5.3 11.0
SC2 Procedural knowledge 40.2 34.6 441 344 37.2 274 431 359
SC3  Global evaluation of answer 33.8 38.7 35.6 31.6 344 43.9 383 32.1
SC4 Feeling of unpreparedness 1.1 2.5 2.8 6.1 3.5 2.5 2.0 3.8
SC5 External factors 7.6 7.8 10.1 17.4 10.5 9.5 3.8 6.2

considered in our discussion of qualitative data. In Table 2 all percentage values for response prevalence are
rounded off to one decimal place to simplify comparisons.

Stoichiometry is a very mathematical part of chemistry, dealing with calculations of masses and sometimes
volumes of reactants and products involved in a chemical reaction. In stoichiometry students are not only required
to demonstrate understanding of chemical reactions, but they must also be able to apply a thorough understanding
of the principles involved in ratio and proportion calculations (Ben-Zvi, Eylon, & Silberstein, 1988; Huddle & Pillay,
1996). Solving stoichiometry problems usually requires predominantly procedural knowledge. Stoichiometry has
a very minimal component of memory and recall problems. It is for this specific topic necessary to go beyond recall
of declarative knowledge. In fact it was not surprising to find the prevalence of responses in the SC1 (Declarative
knowledge) to be so small across all subgroups in both the pre- and posttest. The prevalence of this super-category
stayed at a level of 5 or 7% and only for the R-R subgroup did it ever attain a level of 11%.

How students in the four subgroups justified their choice of confidence indicators in the pre- and posttest

The discussion that follows will focus only on responses with a prevalence of 5.0% or higher. In the
interpretation of frequency data it will be helpful to bear in mind that some super-categories clearly reflect a
subjective judgement (SC3 and SC4); some are rationally motivated (SC1 and SC2), whereas a single super-category
seems to be based on external factors such as feelings of not knowing due to unfamiliarity with the question or the
features of the question itself and cognitive feelings (SC5).

OC-OC Subgroup

The results for the OC-OC subgroup indicate that judgements made on the basis of declarative knowledge (SC1)
and those made based on external factors (SC5) increased marginally in the posttest (SC1 - Pre: 5.1%, Post: 7.9%;
SC5 - Pre: 7.6%, Post: 7.8%). Examples of typical SC1 responses are “Because I know about limiting reactants” and “I
just think so, but I know nothing about a mole”. The following statements are typical examples of SC5 responses:
“Because the diagrams are a bit confusing”, “I have not encountered such a question before so I find it hard to answer this
one”. The prevalence of objective judgments based on procedural knowledge (SC2) observed in responses like “I
actually performed the calculations to find the exact answer” decreased from 40.2% in the pretest to 34.6% in the posttest
and the global evaluation of answers observed in explanations such as “I chose 80% because I am not fully sure of the
answer but I believe it is so”, indicating subjective feeling of doubt and uncertainty, increased in the posttest as
compared with the pretest (SC3, Pretest: 33.8%, Posttest: 38.7%).

OC-R Subgroup

The prevalence of judgements based on procedural knowledge decreased by almost 10% (SC2 - Pretest: 44.1%;
Posttest: 34.4%), while that of subjective judgements remained stable. An example of a typical SC2 response is,
“Because I did calculations to find the correct answer”. The prevalence of judgements based on a global evaluation of
the answer (SC3 - Pretest: 35.6%; Posttest: 31.6%), observed in statements like “Just a feeling I have”, decreased by
roughly the same margin as the increase documented for the feeling of unpreparedness (SC4 - Pretest: 2.8%;
Posttest: 6.1%), observed in statements such as “We didn’t do this section in detail yet”. This subgroup showed the
largest increase in the prevalence of SC5 responses, i.e. from 10.1% in the pretest to 17.4% in the posttest. Several
examples are included for this super-category, External factors, in order to demonstrate the nuances of these

A

statements: “Question not clearly understandable”, “Because we have done such questions in the small group lecture and 1
understood”, “Did almost the same question this morning and I got it right”, “Quite sure about my answer, learnt it in high
school as well as here” and “Answer was simple to find”. The increase in SC5 responses may indicate that after teaching
the students in the OC-R subgroup, being the subgroup that showed the highest learning gain, were able to
recognise and reveal when they were or were not familiar with the question, when they did or did not understand
what was being asked or when the question was easy to solve. This awareness may have placed them in a position

to better evaluate their performance during the posttest.
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Figure 1. Shifts observed in the prevalence of super-categories for the OC-OC, OC-R, R-OC and R-R subgroups

R-OC Subgroup

The prevalence of judgements based on procedural knowledge decreased (SC2 - Pre 37.2%; Post: 27.4%) and
the global evaluation of answers increased by a similar margin (SC3 - Pre: 34.4%); Post: 43.9%). Examples of typical
SC2 and SC3 responses are, “Balancing of that equation gives 4Cu,O” or “Can balance the equation” and “I am doubting”
or “I am guessing” respectively. The prevalence of judgements based on external factors was fairly stable (SC5 - Pre:
10.5%, Post: 9.5%). Examples of typical SC5 responses for this subgroup are “Because two possible answers are present.
They both have equal chance” and “There are just so many numbers to work with”.

R-R Subgroup

The following shifts were observed in the super-categories of this subgroup. The prevalence of judgements
based on declarative knowledge more than doubled in the posttest (SC1 - Pre: 5.3%; Post: 11.0%). Examples of
typical SC1 responses were “I know the definition” or “Because I know the law of conservation of mass and I also know how
to balance an equation”. The large increase in SC1 responses was unique to the R-R subgroup. A small increase was
also observed for judgements based on external factors (SC5 - Pre: 3.8%; Post: 6.2%), evident in responses such as
“I am not familiar with reactions in diagrams” or “Because that is what I learned so far in my chemistry classes”. The
prevalence of judgements based on procedural knowledge decreased by 7% (SC2 - Pre: 43.1%; Post: 35.9%) and so
did the prevalence of judgements based on a global evaluation of the answer (SC3 - Pre: 38.3%; Post: 32.1%).
Examples of typical SC2 and SC3 are “I balanced the equation before looking at the given options and I found the answer I
worked out” or “I balanced the equation first and therefore calculated the moles of reactants using the moles of the product”
and “Because I have a feeling that it’s correct” respectively.

Shifts in the factors students relied on when making confidence judgements

Information on the frequency with which codes per categories occurred enabled us to determine which super-
categories and categories were prevalent or dominant in each pre-post performance evaluation subgroup first in
the pre- and then the posttest. This was also helpful in tracing changes in the factors students in the different pre-
post performance evaluation subgroups relied on when judging their performance after instruction. Figure 1 shown
below gives an indication of the shifts in the prevalence of super-categories after instruction for the students in the
OC-OC, OC-R, R-OC and R-R subgroups, respectively.

The two super-categories that feature most prominently for all subgroups are SC2 which is rationally based and
SC3 which is not. It was confirmed through the use of the McNemar statistical test (Adedokun & Burgess, 2012) that
the differences between frequencies of occurrence of responses in the SC2 and SC3 super-categories were highly
significant (p = 0.000) for all four subgroups. Overall, students in all four subgroups were less inclined to motivate
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their choice of confidence judgement ratings based on perceived possession of procedural knowledge (SC2) in the
posttest. It seems that with exposure to teaching, students were more aware of what they did and did not know
and were thus not too quick to claim the possession of procedural knowledge. However, mixed trends were found
for SC3. Students who stayed or became realistic in their performance evaluation (R-R, OC-R) were less inclined to
motivate their choice of confidence judgement ratings in the posttest in terms of vague, subjective feelings of
certainty or uncertainty (SC3) observed in statements such as “don’t feel confident”, “it’s right” or “just know”. An
opposite trend was observed for the students who remained or became overconfident in their judgements of
performance (OC-OC, R-OC). The largest increase in the prevalence of SC3 responses was recorded for the R-OC
subgroup. This increase was almost twice that of the increase observed for OC-OC. This is significant, especially in

the light of the poor performance of the R-OC subgroup.

Two features identified in the posttest responses of the OC-R subgroup revealed metacognitive processes
unique to this subgroup of students. The first unique feature was their inclination to admit when they felt
unprepared in the posttest (5C4, 6.1%), which represented the highest incidence of SC4 responses recorded for any
of the subgroups. This was evident in statements like “Never really understood in class” or “We did not do this section
in detail yet”. Secondly, their inclination to make judgements based on external factors (SC5) was high in the pretest
and it almost doubled in the posttest. Several examples are included for this super-category in order to demonstrate
the nuances of these statements: “Question not clearly understandable”, “Because we have done such questions in the small
group lecture and I understood”, “Did almost the same question this morning and I got it right” and “Quite sure about my
answer, learnt it in high school as well as here”. Considering that the students in this subgroup showed the highest
learning gain, the type of SC4 and SC5 responses provided by this subgroup suggest that they acquired a more
differentiated knowledge of the topic during teaching. The increase in SC4 and SC5 responses may indicate that
after teaching the students in the OC-R subgroup improved in their ability to recognise and reveal when they were
or were not familiar with the question, when they did or did not understand what was being asked or when the
question was easy to solve. This awareness could have enabled them to apply more effective metacognitive
monitoring during the teaching and learning of stoichiometry, resulting in a mastery of the content that was
superior to that of all of the other subgroups.

DISCUSSION

The interpretation of qualitative results provided another basis for comparing students in the subgroups and it
confirmed the finding that we were dealing with four distinct groups with unique properties. The qualitative results
assisted in the identification of the factors, whether rational or subjective, that students relied on in making
confidence judgements. Observation and analysis of shifts in the prevalence of response categories across all
subgroups between the pre- and posttests provided valuable information on changes in metacognitive monitoring
after the chemistry content had been taught. These findings complement those derived from the analysis of
quantitative data by providing insight into the metacognitive processes associated with performance evaluation,
especially those that are associated with higher learning gain.

With the help of relevant literature we were able to understand that responses such as “I believe that I am correct”
may be an indication of judgements made by students on the basis of feelings of knowing characterised by an
intuitive feeling or a hunch which requires no justification. Feelings of not knowing observed in statements like “I
don’t know”, may be observed when little or no information could be retrieved. The danger here is that people may
be quick to make an “I don’t know” judgement when they find the information in the question unfamiliar. This may
be the instance when a student would state that he/she does not know the answer to a question because he/she
has never come across a stoichiometry question with a pictorial presentation of atoms or molecules as part of the
problem statement and then make a statement like “I am not familiar with the reactions in diagrams”. Affective feeling-
based judgements were observed in responses such as “this is how I feel” or “I am not confident at all “cause I have never
done this. I don’t even know how to calculate the answer”.

Koriat (2000) labels judgements made on the basis of information in metamemory as information-based
metacognitive judgements. Judgements made on the basis of experience or how an individual feels at the time of
making the judgement he labels experience-based metacognitive judgements. Therefore subjective responses given
as motivations for the confidence judgements made in the test, i.e. responses listed under SC3 labelled “Global
evaluation of answer”, and SC4 - Feeling of unpreparedness, indicate that those judgements were more experience-
or feelings-based than information-based. Responses listed in the Declarative knowledge and Procedural
knowledge super-categories (SC1 and SC2) imply that the confidence judgements were informed by content
information retrieved from metamemory. Responses listed under SC5 labelled “External factors” consisted of a
mixture of judgements which were experience and information-based. According to the free-response explanations
of the students in the pre- and posttests the frequency with which students in the OC-R and R-R subgroups
motivated their choice of confidence indicators based on subjective judgements (SC3) decreased while that of the
students in the OC-OC and R-OC subgroups increased. This is a significant finding in the sense that the teaching
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and learning experience was most productive for the R-R and OC-R subgroups. They were not only able to
acknowledge that they did not know what they did not know but they based their confidence or lack thereof on
objective factors. The danger with the tendency of the OC-OC and R-OC group to base their confidence or lack
thereof on subjective external factors is that, that which needs to be corrected in order to improve performance is
beyond their control.

It seems that during their construction of a confidence judgement students try to search and retrieve information
which they can use as evidence that a task will be successfully executed or a question accurately answered.
However, in the absence of such information, students may resort to feelings as reference. The trends observed in
our sample showed that students who, in spite of teaching, still over-estimated their performance, relied more
heavily on feelings whilst answering the test questions rather than on their possession or lack of information to
guide their choice of confidence judgement ratings. This probably explains why they remained (OC-OC subgroup)
or became (R-OC subgroup) biased in their performance evaluation even after teaching.

Implications for the Teaching and Learning of Chemistry

Intuitively a science educator would expect students to apply logical reasoning when required to motivate their
confidence in the correctness of an answer in a science test. Solving stoichiometry problems usually requires
predominantly procedural knowledge. Stoichiometry has a very minimal component of memory and recall
problems. It is for this specific topic necessary to go beyond recall of declarative knowledge. Solving a typical
stoichiometry problem requires both formal reasoning and the use of multistep mathematical operations. When
stoichiometry problems include pictorial representations at the atomic or molecular level in their problem
statements, students would also have to demonstrate the successful manipulation of the sub-micro and symbolic
levels of thinking as described by Johnstone (1991). Solving such stoichiometry problems will require students to
demonstrate representational competence and would challenge them to reveal their conceptual understanding.
Furthermore it was expected that the nature of the topic, and hence the type of questions on the topic would elicit
rational rather than subjective responses. We expected that students would base their choice of confidence
indicators on the possession or lack of formal reasoning, mathematical skills, conceptual understanding, declarative
knowledge, or the procedural knowledge that may be required to solve the problem. Instead, our results revealed
that even in a science test in the specific format that we used, students believed an answer to be correct based on
feelings rather than on rationally motivated judgements. A super-category which clearly reflects a subjective
judgement, SC3, (Global evaluation of answer) constituted a substantial 30 to 40% of all the confidence judgements
in the pre- and posttest responses for all the subgroups and this was unexpected (OC-OC - Pre: 33.8%, Post: 38.7%;
OC-R - Pre: 35.6, Post: 31.6%; R-OC - Pre: 34.4%, Post: 43.9%; R-R - Pre: 38.3%, Post: 32.1%).

Our findings suggest that increasing content knowledge alone may not be enough to raise the metacognitive
ability of students. Chemistry educators should be aware that students often make vague subjective judgements of
performance even on a topic like stoichiometry, which requires predominantly procedural knowledge and formal
reasoning. Our study has shown that this deficiency, when associated with poor accuracy of self-evaluation, may
hamper learning gain. The pattern observed in the quantitative and qualitative results of the OC-R subgroup seem
to suggest that the ability to metacognitively think about one’s performance may be a critical ingredient for
successful learning. It seems that an attempt to increase metacognition among university students instruction
should amongst other things focus on the teaching of self-regulatory skills such as specific monitoring and
regulatory strategies that students can use in different academic tasks like during test-taking. Such an approach
may prevent the damage caused by failure and preserve the positive contribution of confidence, albeit excessively
positive.
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