
OR I G I N A L A R T I C L E

Where less is more: Limited feedback in formative online
multiple-choice tests improves student self-regulation

Richard Say1 | Denis Visentin1 | Annette Saunders1 | Iain Atherton2 |

Andrea Carr1 | Carolyn King1

1College of Health and Medicine, University of

Tasmania, Alexandria, New South Wales,

Australia

2School of Health and Social Care, Edinburgh

Napier University, Edinburgh, Scotland

Correspondence

Richard Say, College of Health and Medicine,

University of Tasmania, Locked Bag 5052,

Alexandria, NSW, Australia.

Email: richard.say@utas.edu.au

Abstract

Background: Formative online multiple-choice tests are ubiquitous in higher educa-

tion and potentially powerful learning tools. However, commonly used feedback

approaches in online multiple-choice tests can discourage meaningful engagement

and enable strategies, such as trial-and-error, that circumvent intended learning out-

comes. These strategies will not prepare graduates as self-regulated learners, nor for

the complexities of contemporary work settings.

Objectives: To investigate whether providing only a score after formative online

multiple-choice test attempts (score-only feedback) increases the likelihood of students

to engage in self-regulated learning compared with more directive feedback. Measurable

outcomes included deeper learning, collaboration, information seeking, and satisfaction.

Methods: Data in this mixed methods study were collected from nursing students

through surveys, test results, focus groups, and student discussion board contribu-

tions. A quasi-experimental design was used for quantitative data, and qualitative

data were analysed thematically against domains of self-regulated learning.

Results and Conclusions: Students receiving score-only feedback were more cogni-

tively engaged with the content, collaborated constructively, and sought out richer

sources of information. However, it was also associated with lower satisfaction. In

this study, minimal feedback created states of uncertainty, which resulted in the acti-

vation of self-regulatory actions.

Implications for Practice: Providing overly directive feedback for formative online

multiple-choice tests is conducive to surface-level learning strategies. By minimising

feedback and allowing for extended states of uncertainty, students are more likely to

regulate their learning through self-assessment and problem-solving strategies, all of

which are required by graduates to meet the challenges of real-world work settings.
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1 | INTRODUCTION

Undergraduate education must prepare students for the challenge of

transitioning to increasingly complex work settings. Stephenson

(1992) identified these challenges over 30 years ago when referring

to increasingly voluminous knowledge and information, changing

technologies, new techniques for disseminating information, more

complex and diverse work contexts, and growing interdependence in

workplaces. Decades later, these observations about complex and

uncertain workplaces remain relevant as ever and are epitomised by

the challenges faced by nurse graduates in healthcare settings.

Higher acuity patients, advancing technologies, growing specialisa-

tion, and shorter patient stays in acute environments are global phe-

nomena that add complexity to the work required of new graduate

nurses. One can only speculate how healthcare will continue to change,

and what the demands on future nurses will look like. Educationalists

can no longer teach a set of core competencies with an expectation

that a future career is set in stone. Rather, pre-registration nursing pro-

grams must support the development of a broad set of capabilities that

enable graduates to adapt and thrive in complex and uncertain health-

care environments (Christiansen et al., 2018; Harrison et al., 2019).

This paper examines how feedback in formative online multiple-

choice tests (MCTs) might promote the development of graduate capabili-

ties by using uncertainty. Formative feedback cannot simply aim to relate

information from expert to novice, facilitating nothing more than simplis-

tic rote learning. Rather, it must be carefully constructed to be meaningful

and lasting by supporting students to regulate their own learning (Boud &

Molloy, 2013). While repeatable online MCTs are widely used in higher

education, the main feedback approaches traditionally used on their com-

pletion tend to transmit information in a surface-level way that encour-

ages trial-and-error learning. The applicability of these learning

approaches has limited utility in contemporary workplaces.

With these challenges in mind and the goal of enabling learning

approaches that students can use throughout their careers, this study

aimed to assess the impact of score-only feedback on nursing students'

self-regulatory learning strategies. This feedback approach provides noth-

ing other than a score at the end of each MCT attempt. It removes any

indication of the correctness of individual responses and thus elicits a

state of uncertainty that the test-taker must resolve on subsequent

attempts. It was hypothesised that minimising feedback would require a

deeper cognitive engagement with the task and encourage learning strat-

egies such as information seeking and collaboration. Approaches that,

once embedded, can form the bedrock of a professional nurse's career. It

was posited that these actions in response to score-only feedback repre-

sent a more authentic replication of the capabilities required by graduate

nurses as they transition to challenging practice environments.

2 | BACKGROUND

2.1 | Online multiple-choice tests and feedback

Despite being labelled ‘yesterday's news’ over a decade ago

(Roberts, 2006), online MCTs continue to be used as formative

assessment activities. In a systematic review of formative assessment

and feedback, Morris et al. (2021) identified low-stakes quizzing1 (includ-

ing online MCTs) as a powerful formative assessment approach. How-

ever, they note that research supporting these tools is ‘limited and

patchy’ (p. 20).
Formative online MCTs are widely used in education, providing

efficiencies that significantly reduce the burden of large student num-

bers. Online MCT development and application to computerised envi-

ronments is relatively straightforward, allowing student performance to

be easily graded and collated. Once developed, students can use online

MCTs at times and places of their choosing without the requirement of

ongoing educator input. In addition to these efficiencies, the wide-

spread use of online MCTs is supported by their pedagogical merits.

Regular recurrent online MCTs (and online quizzes in general) have

been shown to promote skills such as self-pacing, independence, and

time management (Reime et al., 2008), build learner confidence and

improve exam performance (Say et al., 2022), and are effective in sup-

porting flipped classroom approaches (Hughes et al., 2020).

One of the key attractions of using online MCTs is their ability to

deliver immediate, private and nonintimidating individualised feed-

back to large cohorts (Kuklick & Lindner, 2021; Mason &

Bruning, 2001; Wilson et al., 2011). The power of feedback is ampli-

fied by the opportunity to repeat tests. This process was emphasised

by Buchanan (2000)—an early adopter of repeatable formative online

MCTs—who referred to the ‘test-learn-retest’ cycle. On completion

of an MCT attempt, the learner could use feedback to identify key

areas for further study before repeating the test. This approach has

since been used extensively in the design of online MCTs and is

endorsed because it allows students to ‘experience a closing of the

gap between desired and actual performance’ (Nicol, 2007, p. 59),

encapsulating the essence of formative assessment. Given the central-

ity of feedback to the success of formative online MCTs, the type of

feedback and how it is used warrants careful consideration.

2.2 | Feedback types

While many variables determine how students interact with online

MCTs, such as question difficulty, grading, and characteristics of

learners (Hughes et al., 2020; McNulty et al., 2015), feedback has been

the most extensively researched in computer-based learning literature.

Item-based, automated feedback in computer-based learning can

broadly be sorted into two categories. Verification feedback tells stu-

dents whether their answer is right or wrong (knowledge of results [KR])

and sometimes identifies the correct answers (knowledge of correct

response [KCR]) (Kuklick & Lindner, 2021; van der Kleij et al., 2015).

Elaborated feedback (EF) provides further information to the student on

the completion of a question or set of questions. For example, a stu-

dent may be given information about where to find an answer or pro-

vide an explanation about why a particular answer is correct (see

1Multiple-choice tests (MCTs) include a series of exclusively multiple-choice questions. For

the purposes of this paper, a quiz contains a variety of question types such as multiple-

choice, fill-in-the-blank, and matching questions.
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Mason and Bruning (2001) for other examples of EF). Elaborated feed-

back is almost always combined with verification feedback (Candel

et al., 2021) and is generally viewed as the most effective automated

feedback method (Mason & Bruning, 2001; van der Kleij et al., 2015).

As noted by Hao et al. (2022), hundreds of studies have adopted the

above feedback classification inclusive of KR, KCR, and EF.

However, despite decades of research and commentary on verifi-

cation and elaborated feedback in computer-based learning, there is

virtually no reporting on the use of a score-only approach. As the name

suggests, with score-only feedback, an overall score is provided on

the completion of each test attempt with no indication as to which

questions are right or wrong. Only two references were located in the

literature that discussed the use of score-only feedback for formative

online MCTs. Cook and Babon (2017) used score-only feedback in

their online MCT study on the basis that it required meaningful

engagement with learning materials. However, the authors did not

evaluate their feedback approach to student engagement or perfor-

mance. Anderson and McDaniel (2021) observed that students receiv-

ing score-only feedback, referred to as ‘minimal feedback’ in their

study, performed as well in a summative test as those receiving KR

and KCR (Experiment 1). However, as with much of the research on

feedback that is conducted in the field of cognitive psychology, the

study by Anderson and McDaniel (2021) took place in a controlled

setting and was limited in the extent to which it replicated formative

assessment in authentic learning environments. Thus, given the lim-

ited reporting on score-only feedback, further research on this feed-

back approach for formative purposes is justified.

2.3 | Formative feedback and self-regulated
learning

Feedback is central to formative assessment and is considered one of

the most powerful learning tools at an educator's disposal (Hattie &

Timperley, 2007). For formative feedback to have meaningful and last-

ing impacts on student development, it must be carefully constructed

to support students in regulating their learning rather than merely relay-

ing information from an expert to a novice (Boud & Molloy, 2013).

However, the three main feedback types used in repeatable online

MCTs—knowledge of results (KR), knowledge of correct response

(KCR), and elaborated feedback (EF)—tend to transmit information in a

way that may facilitate surface-level and trial-and-error learning. They

remove any requirement for the student to resolve uncertainty and

engage powerful learning processes. These limitations can be analysed

from a self-regulated learning (SRL) perspective.

Contemporary conceptions of SRL are complex, dynamic, and not

easily defined (Panadero, 2017). Core principles that have persisted

for decades have posited that SRL involves an interplay of cognitive,

metacognitive, behavioural, and motivational domains of learning that

the learner modulates to achieve learning goals (Panadero, 2017;

Pintrich, 2004; Winne, 1995). The self-regulated learner possesses

the metacognitive ability to monitor learning, the cognitive assets to

generate internal feedback (rather than solely relying on external

feedback), and a behavioural aptitude to seek feedback from reliable

sources (Hattie & Timperley, 2007). This paper considers student

engagement as measured against these SRL domains. Additionally, satis-

faction, which relates to the motivational aspect of SRL, is considered.

The domains of SRL are broadly defined, overlap and the roles of each

are emphasised differently by different theorists. Sinatra et al. (2015)

argue that these broad definitions are problematic when measuring stu-

dent engagement. Thus, the following definitions are used based on their

relevance to online MCTs and utility in measuring engagement.

The domain of cognition is described in most models of SRL. Cog-

nitive engagement can be defined as the psychological investment by

students to understand through problem solving and deeper cognitive

processing (Sinatra et al., 2015). This definition is well placed to

describe the low level of cognitive engagement that occurs when stu-

dents are told that an answer is right or wrong when completing

online MCTs. Such feedback allows students to narrow down the

available options systematically, failing to engage the deeper cognitive

processing synonymous with self-regulation. Information is essentially

transmitted to learners without requiring the student to process it

internally and construct their own understanding. As Nicol and

Macfarlane-Dick (2006) argued, externally delivered feedback that

merely involves telling is the antithesis of constructivist logic, negating

efforts to engage students in SRL processes. This adds weight to

broader criticism of multiple-choice style questions, for which the

selection of pre-determined options leaves little room for the con-

struction of answers (Nicol, 2007).

Similarly, being told whether an answer is right or wrong limits

the metacognitive action required by students. Metacognition sub-

sumes various domains of SRL (Panadero, 2017; Sitzmann &

Ely, 2011). However, metacognitive monitoring is particularly relevant

in highlighting the limitations of verification feedback. Metacognitive

monitoring includes error detection in cognition (Fernandez-Duque

et al., 2000), a process that is a critical antecedent to triggering cogni-

tive and behavioural actions required for change (Pintrich, 2004).

Where KR and KCR identify the correctness of answers on comple-

tion of an MCT, there is no requirement for the students to engage in

an error-detection process.

Verification and elaborated feedback are also limiting from a

behavioural perspective. While recognised as a strength of online

MCTs, providing immediate feedback and repeatability presents the

opportunity for trial-and-error, allowing students to circumvent

intended learning outcomes (Cook & Babon, 2017; Morrison

et al., 1995). The focus becomes passing with learning being of sec-

ondary, if any, consequence. Two examples of behavioural engage-

ment are information seeking and peer dialogue (Sinatra et al., 2015),

which are relevant to online MCTs. Information seeking, such as refer-

ence to textbooks, tests, notes and other subject resources, is recog-

nised as a self-regulatory behaviour (Butler & Winne, 1995;

Zimmerman, 1986, 2002) and is cited as a reason for using online

quizzes (Buchanan, 2000; Hughes et al., 2020). However, when a stu-

dent can rely entirely on feedback provided by the MCT to correct

errors or provide further explanations, there is no need to seek further

information to address a performance gap.

SAY ET AL. 3
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Seeking help from peers is also recognised as self-regulatory

behaviour (Pintrich, 2004). Feedback from other students can be

easier to accept and understand, and exposes students to different

perspectives and strategies (Nicol & Macfarlane-Dick, 2006).

Additionally, peer feedback is received with a level of caution and

uncertainty, leading to deeper learning (Draper, 2009). Thus, feedback

occurs not only in the absence of teachers, but can be more effective

when generated between students.

Nevertheless, despite empirical support for collaboration as a power-

ful learning approach, there are mixed views on whether it should be

allowed in asynchronous online quizzes. Literature reporting on students

working together to complete online quizzes often refers to ‘dishonesty’,
‘cheating’ and ‘collusion’ (Sullivan, 2016; Wideman, 2011; Woeste &

Barham, 2008). Literature elsewhere has reported on the value of peer

learning in completing online quizzes, including using discussion boards to

facilitate deeper learning through collaboration (Einig, 2013; Limniou &

Smith, 2014). These varied positions may pertain to the different intended

learning outcomes of online quizzes. However, where an objective is to

promote students' self-regulation, peer dialogue should be encouraged.

A final consideration discussed here, pertaining to how students

engage with online MCTs, is satisfaction. Satisfaction is a commonly

cited outcome for studies investigating online MCTs (Say et al., 2022),

and students have previously expressed greater satisfaction with

more directive MCT feedback (van der Kleij et al., 2012). Deci and

Ryan (2008) argue that satisfaction is a driver of intrinsic motivation

and, when driven by feelings of competency, autonomy and related-

ness, can lead to positive ‘psychological, developmental, and beha-

vioural outcomes’ (p. 15). However, satisfaction as a metric for quality

education has been widely critiqued. The language used to measure

satisfaction in surveys often describes feedback as a teacher-centred

process (Winstone et al., 2022). Students tend to favour didactic

teaching approaches over dialogic educational approaches; the latter

requiring students to engage deeply with materials and actively con-

struct their own understanding. This, argues Carpenter et al. (2020),

relates to an illusion where students incorrectly perceive greater

learning through being told information rather than the ‘disjointed,
less fluent experience’ of active learning (p. 140). Therefore, while

students may express satisfaction with directive feedback in online

MCTs, it does not necessarily equate to deeper learning.

In summary, the types of feedback used in online MCTs can

inhibit students' metacognitive, cognitive, and behavioural engage-

ment. It is also questionable whether students' expressions of satisfac-

tion with more didactic feedback types (such as KR, KCR and EF)

reflect learning outcomes that are synonymous with the actions of a

self-regulated learner.

2.4 | Work readiness

An impetus for this study was to consider how aspects of nurse edu-

cation prepare students with the capabilities required to work in con-

temporary healthcare environments. Supporting learners to develop a

disposition for self-regulation has implications for work readiness.

Contemporary workplaces, shaped by the demands of a knowledge-

driven economy and rapidly changing technologies, are complex and con-

stantly evolving (Coetzee, 2014; Winterton & Turner, 2019). A key argu-

ment for learning strategies that promote self-regulation is that self-

regulated learners are lifelong learners who can responsively direct their

learning to areas of need (Nicol & Macfarlane-Dick, 2006). Just as the

self-regulated student is an autonomous learner (Clark, 2012), the capa-

ble employee is an autonomous worker who can manage unfamiliar

problems in unfamiliar contexts (Stephenson, 2013). Despite their auton-

omous approach to learning, Zimmerman (2002) noted that self-

regulated learners are not defined by ‘their reliance on socially isolated

methods of learning’ (p. 70), but rather by their initiative to adopt behav-

iours that enhance learning – such as seeking help from others. Similarly,

work-ready graduates demonstrate the capability to problem solve, work

in teams, and effectively seek help as they adapt and thrive in real-world

settings (Bennett & Ananthram, 2022; Coetzee, 2014). Given these syn-

ergies between SRL and work readiness, it is incumbent on higher educa-

tion providers to consider how feedback promotes self-regulation and

places students at the centre of the learning process.

Nurse education provides an exemplar of this remit. Healthcare is

increasingly complex, requiring nurses to expand their skills and knowl-

edge as they adapt to rapidly evolving and specialised practice settings

(Bromley, 2017; Lin et al., 2016). Nevertheless, it has been argued that

student nurses are poorly prepared to manage the uncertainty pervasive

in healthcare environments (Thompson & Yang, 2009). A study by Cran-

ley et al. (2012) identified four distinct actions nurses undertook when

successfully managing uncertainty. Firstly, they needed to recognise their

uncertainty by assessing a situation and reflecting on their knowledge,

experience, and judgements. They then managed uncertainty by ‘figuring
it out’, collaborating, and seeking out reliable information. These actions

all correlate to the metacognitive, cognitive, and behavioural processes

of the self-regulated learner described above. Therefore, in this study,

measured outcomes were based on the processes used by practising

nurses to manage uncertainty, as observed by Cranley et al. (2012).

2.5 | Study purpose and research questions

The central purpose of this study was to determine if score-only feed-

back promotes self-regulatory patterns of learning compared with

knowledge of results plus elaborated feedback (KR + EF) when complet-

ing formative online MCTs. We hypothesised that the uncertainty cre-

ated by score-only feedback would place the onus on students to

engage in self-regulatory learning activities as they completed forma-

tive MCTs. The following research questions (RQs) were addressed:

RQ1. What impact does score-only feedback have on

metacognitive and cognitive engagement compared

with KR + EF?

RQ2. What impact does score-only feedback have on

behavioural engagement, including collaboration and

information seeking, compared with KR + EF?

4 SAY ET AL.
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RQ3. How satisfied were students with score-only

feedback compared with KR + EF?

3 | METHODS

3.1 | Overview

This was a convergent, mixed methods study; a design described by

Creswell and Clark (2017). As part of their completion of two

subjects—Nursing Practice 1 (NP1) and Nursing Practice 2 (NP2)—

students were required to complete weekly online MCTs (described

below). There was a total of 1082 students enrolled in the study. Four

data sources were used to answer the research questions (Table 1).

Ethics approval was gained from the Tasmanian Social Sciences

Human Research Ethics Committee (H0016050).

3.2 | Participants, intervention, and learning
context

Participants were 1st and 2nd year nursing students recruited from an

Australian university across four campuses between 2016 and 2018.

NP1 and NP2 prepared students for their respective clinical place-

ments, covering various clinical nursing skills and knowledge such as

infection control, manual handling, nutrition, patient hygiene, and

patient deterioration. A series of formative online MCTs were imple-

mented in both subjects. NP1 contained eight weekly MCTs, and NP2

contained five weekly MCTs. The MCTs were used to support a

flipped classroom design (see Hughes et al. (2020) for a quiz imple-

mented with similar intent).

The formative online MCTs were open for one week and tested

students on subject readings and online activities. Each MCT closed

immediately before the commencement of the weekly, face-to-face

practice sessions, which covered the related content. Students in both

groups were encouraged to collaborate, and an online discussion

board was opened for students to discuss the MCT questions. No

staff contributed posts to this discussion board.

Students had up to 10 attempts for each formative online MCT

(within the week timeframe), encouraging a ‘test-learn-retest’ cycle.

Each MCT consisted of 10 questions—targeting different levels of

Bloom's taxonomy—which were drawn from a bank of approximately

20 questions. Thus, students received a different combination of ques-

tions on each attempt. There was no time limit for each MCT attempt.

After each MCT attempt, students would receive feedback

immediately. The type of feedback was the independent variable in

our study and was the only variation in how the formative online

MCTs were delivered to different groups. Students assigned to KR

+ EF could see which questions were right or wrong (KR) and

received further guiding information (EF). The form of EF typically

resembled topic-contingent feedback. For example, in addition to

knowing if their answer was correct, students were told where to

find the answer or given hints on how to work the question out

(see Buchanan (2000) for more information on topic-contingent

feedback). For score-only feedback, students only received a score

out of 10. Unlike KR + EF, score-only feedback did not tell stu-

dents which answers were correct/incorrect or provide any further

information.

The aggregate weighting of the formative online MCTs was 10%

and 20% of the overall subject grades in NP1 and NP2, respectively.

This method meant that each MCT was worth less than 2% in NP1

and 4% in NP2. Only the highest-scoring attempt for each MCT

(within the week timeframe) contributed to the grade. After each

weekly MCT closed, the opportunity to score marks expired and the

answers were revealed (regardless of the feedback type initially

received).

As part of their assessment structure, each subject also had a

practical exam and a summative, invigilated paper-based test. The

questions in these closed-book summative tests assessed inferred

knowledge from the online MCTs. They were vignette-based and

single-best-answer questions aimed at testing higher-order cognition.

These summative test scores were compared between groups as part

of this study.

3.3 | Study design

3.3.1 | Quantitative data

The quantitative arm of this mixed methods study followed a quasi-

experimental design. Data were collected from two cohorts. Students

completing NP1 in 2016 (Group A) received score-only feedback on

the completion of each formative online MCT attempt. Students com-

pleting NP1 in 2017 (Group B) received KR + EF. This difference

aside, the delivery, content, and assessment structure of NP1 were

the same in 2016 and 2017. Summative test scores, survey responses

and the number of discussion board posts were compared between

groups.

TABLE 1 Data sources.

Participants (N = 1082)

RQ1: Metacognition

and cognition

RQ2: Collaboration

and information seeking RQ3: Satisfaction

Surveys n = 802 x x

Summative test scores n = 937 x

Discussion board n = 1082 x x

Focus groups n = 45 x x x

SAY ET AL. 5
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A crossover design was used for summative test scores and

discussion board posts to mitigate the potential impact of

sampling-error confounding induced by non-randomisation. Feed-

back types were flipped between each subject. Group A received

KR + EF for NP2 MCTs, which they completed in 2017. Group B

received score-only feedback for NP2 MCTs, which they com-

pleted in 2018. See Table 2. Feedback type aside, the delivery,

content, and assessment structure of NP2 were the same in 2017

and 2018.

3.4 | Qualitative data

A descriptive design was used as the overarching approach to the

qualitative arm of this mixed methods study. Data collected from

focus groups and discussion board posts were used to gain

insight into how students engaged in learning (metacognitively,

cognitively, and behaviourally) when receiving different types of

MCT feedback. Focus-group data were also used to better under-

stand participants' satisfaction with the different feedback

conditions.

3.5 | Recruitment and data collection

3.5.1 | Surveys

For the completion of surveys, all students (N = 1082) from Group A

and B enrolled in NP1 (1st year) were invited to participate. Of these,

802 participated in the study by completing the survey, representing

74% of the cohort. There were no significant differences between

Group A and Group B participating students in terms of age, English

as an additional language, and campus of study. There was a signifi-

cantly greater proportion of females in Group A (p = 0.03). Owing to

logistical challenges, survey data were not collected for either group

completing NP2.

Participants were recruited through convenience sampling,

with surveys distributed after the final NP1 class by staff not

involved in the study. Surveys consisted of 5-point Likert-type

scales (‘Strongly disagree’ to ‘Strongly agree’) asking students to

rate their agreement with statements on the extent to which they

engaged in behavioural SRL strategies of information seeking and

collaboration. Students were also asked to rate their satisfaction

with the online MCTs.

3.5.2 | Summative test scores

For comparison of summative test scores, only students who com-

pleted both NP1 and NP2 in consecutive years were included in the

analysis (n = 937). The scores of students who repeated NP1 or did

not complete both subjects were excluded. There was no significant

difference in demographics between Group A and Group B (Table 3).

3.5.3 | Focus groups

Participants were recruited for the focus groups using purposive sam-

pling through online noticeboards and lecture announcements. The

target participant size for each focus group was 6–10. Focus groups

were semi-structured and facilitated by researchers AS, CK and

RS. Themes explored included metacognitive, cognitive, and beha-

vioural engagement, as well as satisfaction and motivation. Forty-five

students from both groups participated in six focus groups: four

included participants from Group A, and two included participants

from Group B. The focus groups were conducted when

participants had completed NP1 and commenced NP2. At least one

focus group was conducted on each of the four campuses. The aver-

age age of focus-group participants was 34.7 years old (SD = 9.85),

80% were female, and 40% spoke English as a second language.

3.5.4 | Discussion boards

Data were also collected from online discussion boards, where stu-

dents were encouraged to collaborate while completing the formative

online MCTs. All enrolled students (N = 1082) had access to the dis-

cussion boards in their respective units. Discussion board data were

used to compare the frequency of student activity under each feed-

back condition and provided illustrative examples of how students

engaged with the content and supported each other.

3.6 | Data analysis

Unpaired t tests compared between-group summative test scores of

NP1 and NP2. A crossover design was used to compare summative

test scores. Carryover and treatment effects were assessed using t

tests. Normality assumptions were tested for parametric tests. The

survey responses were analysed using Wilcoxon signed-rank tests.

Analyses were performed in R Studio (version 3.6.0) and Excel (ver-

sion 16.0) using a 0.05 decision level. Discussion board data, used to

measure cognitive and behavioural learning patterns, were quantified

using deductive content analysis and reported descriptively to com-

pare group activity.

Qualitative data from the focus groups were analysed using the-

matic analysis. NVivo (version 12) was used to sort data into four a

priori themes. These themes were based on the research question,

which included the cognitive, metacognitive (RQ1), and behavioural

TABLE 2 Crossover design.

Group A (n = 501) Group B (n = 436)

Nursing Practice 1

(NP1)

Score-only feedback

(2016)

KR + EF (2017)

Nursing Practice 2

(NP2)

KR + EF (2017) Score-only feedback

(2018)

6 SAY ET AL.
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(RQ2) domains of SRL theory, as well as satisfaction (RQ3). See

Table A1 for the code manual used. Content analysis was used to sort

qualitative discussion board data with the intent to present illustra-

tions of the students' discussions.

4 | RESULTS

4.1 | RQ1: Metacognitive and cognitive
engagement

Students who received score-only feedback when completing forma-

tive online MCTs performed better in their summative assessment

than those who received KR + EF. In NP1, the mean summative

assessment score (57.64) of Group A, who received score-only feed-

back, was significantly higher than Group B (54.21), who received KR

+ EF feedback for their formative online MCTs (p < 0.01).

For the crossover experiment observing NP2, the mean summa-

tive assessment score (62.77) of Group B—who received score-only

feedback—was significantly higher than the mean summative assess-

ment score (56.27) of Group A, who received KR + EF feedback

(p < 0.01) (Table 4).

For the crossover experiment, the score-only feedback condition

had a positive treatment effect over the KR + EF condition (MD = 5.01,

p < 0.01). The carryover effect was not significantly different between

groups (p = 0.08). The treatment effect was observed between groups

at each time point.

Qualitative data from the discussion board supported these

findings. When students received score-only feedback, they asked

probing questions and provided lengthy dialogic, generative

feedback—reflective of higher-level cognition. When students

received KR + EF feedback, the posts were more transmissive with

surface-level questions and answers (i.e., identifying the correct

response to a question with no explanation). For example,

It ended up being C—but not before I got it wrong the

first time!

Data from the focus groups suggested that students who received

score-only feedback were more likely to engage higher-level cognition

while completing the MCTs than those who received KR + EF.

With feedback [KR+EF], I just looked into my phone …

There's no reasoning or understanding. But without feed-

back [score-only], it's more about the reasoning and

understanding which helped me.

With [KR+EF] feedback, we can study and apply trial-

and-error to score the marks. It wasn't necessary to have the

deep knowledge. But without feedback [score-only] it is

deeper.

Data from the focus group also suggested greater meta-

cognitive activation when students were given score-only feed-

back. In particular, their evaluation of their performance after

each MCT.

[With score-only feedback] if you're not sure about a

question, and why the answer is wrong, you have to look

for it more. Like, I'm pretty sure the answer to number

TABLE 3 Characteristics of crossover
cohort.

Group A (n = 501) Group B (n = 436) p value

Number of students 501 436

Study entry age (years) 27.62 (9) 27.23 (7.82) 0.48

Female (%) 82.04 76.83 0.06

English as a second language (%) 26.35 30.73 0.15

Campus (%)

Darlinghurst 9.98 12.84 0.20

Hobart 26.55 25.46

Launceston 39.72 42.66

Rozelle 23.75 19.04

Note: Includes only students who completed both NP1 and NP2, and excludes any repeating students. All

values are described as mean (SD), except where a percentage value is used. Percentages are

representative of the respective sub-group. χ2 or t tests were used to determine p values.

TABLE 4 Summative test scores of students in NP1 and NP2.

Group A Group B

p

value

Nursing Practice 1 2016

score-only

2017 KR + EF

Enrolled students (n = 501) (n = 436)

Assessment

task (%)

57.64 (15.6) 54.21 (14.74) <0.001

Nursing Practice 2 2017 KR + EF 2018

score-only

Enrolled students (n = 501) (n = 436)

Assessment

task (%)

56.27 (15.14) 62.77 (14.46) <0.001
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one is right, but question number two I'm not 100% sure

this is right, so I could look for the reasoning why my

answer is not right.

4.2 | RQ2: Behavioural engagement

4.2.1 | Collaboration

Self-reporting data from the surveys indicated that there was no

significant difference in collaborative activities when analysed using

Wilcoxon signed ranks test (p = 0.22) (Table 5).

Discussion board data did not support these findings (Figure 1).

There were substantially more topic-related NP1 discussion board

posts when students received score-only feedback (n = 88) compared

with KR + EF (n = 11). Similarly, there were more NP2 discussion

board posts when students received score-only feedback (n = 68)

compared with KR + EF (n = 4).

Data from the focus group highlighted different types of col-

laboration, dependent on feedback received. When score-only

feedback was received, students reported generative dialogue and

collaboration:

What's even better is when you disagree and you say ‘no

this is not right’, then that's a discussion, then you look

for the answer.

When students received KR + EF feedback, they engaged in more

transmissive, surface-level dialogue.

With [KR+EF] feedback, you know if it's correct or not, so

you can just take a picture with the phone and just pass

it on to everybody else … so there was no discussion.

With [score-only] feedback it's different because you can't

see which one is wrong, so you have to work it out.

TABLE 5 Survey responses: Nursing Practice 1.

Group A

2016 (n = 429)

Group B

2017 (n = 373)
Wilcox
score

(p value)

Score-only

feedback

KR + EF

feedback

Satisfaction 3.61 (0.96) 4.02 (0.8) 0.001

Textbooks/

resources

4.08 (0.9) 4.19 (0.79) 0.14

Collaboration 2.41 (1.19) 2.5 (1.15) 0.21

0

0

3

4

18

9

11

68

0 10 20 30 40 50 60 70 80

ENCOURAGEMENT/SUPPORT

RATIONALE AND DEEPER THOUGHT

REFERENCE TO RESOURCES

TOTAL RELATED TO QUIZ CONTENT

Nursing Prac�ce 2 Discussion Board posts

Score-only feedback (Group B) KR+EF  (Group A)

2

5

0

11

20

25

14

88

0 10 20 30 40 50 60 70 80 90 100

ENCOURAGEMENT/SUPPORT

RATIONALE AND DEEPER THOUGHT

REFERENCE TO RESOURCES

TOTAL RELATED TO QUIZ CONTENT

Nursing Prac�ce 1 Discussion Board posts

Score-only feedback (Group A) KR+EF  (Group B)

F IGURE 1 The number of discussion
board posts.
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4.2.2 | Information seeking

Quantitative data from surveys indicated no significant difference

between self-reported information-seeking between Group A and

Group B (p = 0.14) (Table 5).

Discussion board data did not support these findings. When

receiving score-only feedback, students were more likely to share or

direct their peers to relevant sources of information (such as govern-

ment guidelines and evidence-based literature).

Data from the focus groups indicated that students were more

likely to discuss the questions with clinical nurses and doctors not

affiliated with the University when score-only feedback was received.

I asked the nurses [while on clinical placement], and the

nurses had this debate about it and they were: ‘no, it's

not like this, it's like that’. Even they couldn't work it out!

And eventually they agreed on a consensus. I know that's

probably cheating.

4.3 | RQ3: Satisfaction

Data from surveys and focus groups indicated that participants who

received score-only feedback were less satisfied than those receiving

KR + EF (p < 0.01).

Qualitative data from the focus groups broadly supported these

findings.

You can't learn from your mistakes if you don't know

what your mistakes are.

And the problem is you never know what you're getting

wrong. That means you walk away, and you might get to

80% and have put five hours into it and you finally give

up … and you don't know what you've got wrong.

5 | DISCUSSION

To our knowledge, this is the first study testing the effectiveness of

score-only feedback for formative online MCTs in a real-life setting.

The results from this study indicate that students receiving score-only

feedback were more likely to use metacognitive, cognitive, and beha-

vioural strategies to resolve uncertainty. Students receiving verifica-

tion and elaborated feedback (KR + EF), on the other hand, could rely

wholly on feedback provided by the online MCT to identify correct

answers—often bringing premature closure to valuable learning

opportunities.

5.1 | Metacognitive and cognitive engagement

In this study, all data indicated that students were more cognitively

engaged in their learning when receiving score-only feedback. For

both subjects (NP1 and NP2), students who received score-only feed-

back performed better in the summative tests, which were designed

to test mid- to higher-order learning. Focus-group data revealed that

score-only feedback was associated with a need to self-evaluate,

understand and engage more deeply. Finally, discussion board data

revealed extensive dialogue between students—explaining concepts

and interrogating each other's rationale—under the score-only condi-

tion. When KR + EF was received, discussion board activity was mini-

mal, and posts were devoid of discussion or rationale for answers.

It is widely recognised in work-readiness literature that graduates

must possess higher-order cognitive skills, including problem solving

and critical thinking. This is notably pertinent to nurse education,

where cognitive capabilities including critical thinking, clinical reason-

ing, and decision making, are frequently used by nurses to navigate

uncertain, complex practice contexts (Christiansen et al., 2018;

Cranley et al., 2012; Kuiper & Pesut, 2004). However, the ability of

nurses to make crucial decisions that impact patient outcomes is often

undermined by inadequate cognitive skills (Andreou et al., 2014;

Thompson & Yang, 2009).

Similarly, metacognitive skills such as reflection and the ability to

self-assess performance are vital nursing capabilities (Kuiper

et al., 2010; Parker et al., 2014). The ability to evaluate or assess one's

current performance and differentiate this between desired perfor-

mance is a sine qua non to further self-regulatory actions (Pintrich &

Zusho, 2002). Without recognising performance gaps, the learner is

dependent on external sources to improve performance and, thus,

is not autonomous. Nurses require the ability to autonomously evalu-

ate knowledge, and the experience to recognise uncertainty and take

appropriate remedial action (Cranley et al., 2012). Nevertheless,

Thompson and Yang (2009) observed that, regardless of experience,

nurses tend to have difficulty calibrating confidence to assess the cor-

rectness of their actions. These critical cognitive and metacognitive

activities can be developed through educational programs (Kuiper &

Pesut, 2004; Thompson & Yang, 2009), as evidenced in this study's

focus groups:

Before [with KR+EF], when we used to score 9/10, I

wouldn't look at the nine [correct] questions. But now

[with score-only feedback] I have to go through all the

questions and answers again, and again, and again until I

get it right …

The above quote is illustrative of data that pointed to the deleterious

impact of KR + EF on metacognition. The tendency of students to

ignore feedback on questions identified as correct, as is the case for

KR + EF, has been noted elsewhere (van der Kleij et al., 2012) and

could be attributable to poor metacognitive calibration. The inclina-

tion to overestimate knowledge and have false confidence in incor-

rectly answered questions has been widely reported (see von Hoyer

et al. (2022) for a discussion and study on this effect). Thus, when

receiving KR + EF, not only are students told when they are wrong,

but there is no need to interrogate levels of understanding for correct

responses—which can represent anything from a complete guess to

thorough comprehension when completing multiple-choice questions

SAY ET AL. 9
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(Mason & Bruning, 2001). However, when receiving score-only feed-

back, students had to evaluate the plausibility of every answer if they

wanted to improve in subsequent attempts.

Data were also suggestive that KR + EF required less cognitive

engagement. Formative feedback for most learning activities guides

students on a continuum towards a more correct answer. Formative

online MCT feedback, on the other hand, identifies answers as

entirely correct or incorrect—a binary outcome near exclusive to

multiple-choice-type questions. Through the selection of pre-

determined answers, the active construction of knowledge is limited

(Nicol, 2007), with no requirement for dialogue or opportunity to con-

struct a unique understanding of the problem. Thus, the learner can

‘short-circuit’ the learning process by systematically narrowing down

the remaining options on repeated attempts through trial-and-error

learning (Morrison et al., 1995)—a process evident from the qualitative

data collected in this study. In reference to multiple-choice questions,

Clariana and Koul (2005) caution against overly instructive feedback,

which can result in a focus on the ‘question—correct response’ associ-
ation. This superficial approach to learning overlooks the deeper pro-

cessing required to understand the complex reasons behind why a

particular response is correct (Draper, 2009). Score-only feedback, on

the other hand, creates uncertainty requiring students to internalise

feedback and construct understanding—a more authentic representa-

tion of how formative feedback should trigger corrective cognitive

processes (Nicol & Macfarlane-Dick, 2006).

Encouraging SRL strategies in education settings, as evidenced in

this study, plays a crucial role in developing the cognitive skills

required of many professions, including nursing (Kuiper &

Pesut, 2004), and maintaining uncertainty is an important element of

capability-oriented education (O'Connell et al., 2014). Therefore, judi-

cious formative feedback approaches are required to prompt higher-

order cognitive processes in the completion of MCTs. Where these

internal cognitive processes cannot sufficiently resolve uncertainty,

the onus is on the student to decide when and how they will supple-

ment their reasoning with further information from external sources.

5.2 | Behavioural engagement

Participants in this study who received score-only feedback were

more likely to engage in collaborative activities and information seek-

ing to resolve uncertainty. Participants who received KR + EF, on the

other hand, were provided with certainty on completion of their MCT

and were able to score full marks through trial-and-error learning.

5.2.1 | Collaboration

While self-reported data in surveys did not show any significant

difference in how participants collaborated under the two types of

feedback, discussion board data identified that students receiving

score-only feedback engaged in more collaborative discussions than

those who received KR + EF. Data from focus groups indicated that

participants were more likely to engage in constructivist interactions

when receiving score-only feedback, as opposed to transmissive infor-

mation exchange when receiving KR + EF.

The evidence of autonomous, voluntary collaboration facilitated

by score-only feedback is an important finding. It highlights the vital

role uncertainty plays in generating constructivist discussions. While

causal links were not established in this study, discussion board activ-

ity positively correlated with higher summative test scores and quali-

tative data revealed examples of richer, dialogic exchanges when

score-only feedback was provided. The results also add weight to the

argument that students should be encouraged to collaborate in

the completion of formative online MCTs. Given the frequent citing

of student collusion and cheating in the context of online MCTs

(Sullivan, 2016; Wideman, 2011; Woeste & Barham, 2008), it is

understandable that educators may be hesitant to encourage peer col-

laboration. However, the power of peer feedback to elicit deeper

learning is widely accepted in formative assessment and SRL literature

(Clark, 2012; Nicol & Macfarlane-Dick, 2006). Thus, if the primary pur-

pose of online MCTs is learning, then peer collaboration should be

considered a valuable outcome.

5.2.2 | Information seeking

Evidence of information seeking as an outcome of feedback type was

less conclusive. Self-reporting surveys showed no difference in

information-seeking patterns between feedback types. Surface-level

information-seeking strategies were described in the focus group for

both feedback types. One common approach was using the search

function in digital documents to locate key, question-related words—a

behaviour reported elsewhere in online quiz literature (Cook &

Babon, 2017). Such information-seeking behaviour is synonymous

with what Pintrich (2000) called maladaptive help-seeking, where the

student is more intent on ‘seeking a correct answer without much

work’ (p. 468).
However, when score-only feedback was provided, the discussion

board showed a higher frequency of references to evidence-based

information from online sources. This finding is notable given the chal-

lenges students have seeking out reliable sources of information, and

evidence that online information-seeking activities can result in mis-

placed confidence in acquired knowledge (von Hoyer et al., 2022).

The fact that students in the current study were sourcing reliable

information and discussing their interpretation of this information

with peers is a positive outcome related to score-only feedback. Addi-

tionally, patterns of deeper searching, including seeking assistance

from clinicians, were more evident in the score-only group. These

learner activities were suggestive of a desire for a deeper understand-

ing of content, described by Pintrich (2000) as adaptive help-seeking.

Uncertainty underpins the extent and variety of information-

seeking behaviours in nurses (O'leary & Mhaolrúnaigh, 2012). How-

ever, Thompson and Yang (2009) noted a tendency for nurses, when

facing uncertainty, to forego evidence-based sources in favour of

intuition—which is prone to bias and poor decision-making. To
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address this trend, they suggest more emphasis on learning activities

characterised by uncertainty. It has been long speculated that learners

who receive less feedback in computer-based learning are more likely

to seek out information (Buchanan, 2000; Cook & Babon, 2017;

Pridemore & Klein, 1995). This study supports this sentiment insofar

that a greater variety of adaptive information-seeking was evident

when states of uncertainty, elicited by score-only feedback, existed.

5.3 | Satisfaction

Participants in this study were more satisfied with the MCTs when

KR + EF was provided. Participants reported frustration with score-

only feedback and the lack of direction or clarity it gave, which

appeared to negatively affect motivation levels for some students.

This finding is consistent with commentary on the importance of

feedback to, at the very least, verify the correctness of responses. As

asserted by Mory (2004), ‘If feedback is to serve a corrective function,

even in its most simple form feedback should verify whether the stu-

dent's answer is right or wrong’ (p. 29). Similarly, students in a study

by van der Kleij et al. (2012) reported a preference for more directive

feedback in the form of KCR + EF rather than KR alone. In the current

study, frustration with score-only feedback caused some students to

disengage, something Jaehnig and Miller (2007) caution against with

computer-based learning design.

However, the results on satisfaction stand in contrast with posi-

tive cognitive, metacognitive and behavioural outcomes, and there

were still participants who spoke positively of the score-only

approach, appreciating the challenge it presented and the subsequent

deeper learning that occurred:

But also, those questions where you research the hell

out of them, and you go ‘I know this is right’ and that's

going to stick in your head too. You're not going to for-

get it. If that question comes up in an exam, you'll go ‘I
know the answer to this because I got stuck on that for

three days.’

This statement reflected several comments that participants made

during focus groups, demonstrating great clarity of recall

(a significant time after the event) when describing ‘frustrating’
questions. Focus-group data reaffirmed anecdotal evidence that

students engage in classroom discussions on questions with great

depth and insight from a position of frustration. Students felt they

did not have the ‘correct’ answer, but their understanding of con-

cepts underpinning the answer—their ability to reason—was very

strong.

Some strategies may ease student frustration and improve satis-

faction, while maintaining the benefits of uncertainty when receiving

score-only feedback. Firstly, addressing the expectations of students

and providing ample rationale for the approach may have seen

improvements in satisfaction scores. The importance of focusing on

the process of learning (how to learn) to prepare nursing students for

complex and ever-expanding discipline knowledge has been long

recognised. As Sadler (1998) argued, the ultimate ‘intention of most

educational systems is to help students not only grow in knowledge

and expertise, but also to become progressively independent of the

teacher for lifelong learning’ (p. 82). Thus, the importance of learning

processes, not just what is being learnt, must be continually reinforced

with students.

Supporting students to adjust their expectations can be challeng-

ing. Sadler (1998) referred to the ‘temporal conditioning’ of students
exposed to particular ways of teaching, and the time it takes to

reverse students' expectations of a teaching environment. Sharples

and Moseley (2011) concluded in a study on self-directed learning

that a level of disengagement may have been attributable to an over-

emphasis on content at the expense of providing the rationale behind

the learning activity. Participants in our study expressed similar senti-

ments of disengagement when students felt that MCT designers had

not considered their learning needs. Mazur (1997) noted students'

‘deeply ingrained’ expectations of teachers in terms of transmissive

teaching, and the effort it takes to shift these expectations. This

observation is pertinent to the online MCTs discussed here. Partici-

pants expressed dissatisfaction with score-only feedback by referen-

cing their experience with other online MCTs for which they received

verification (KR) feedback.

The second determinant of satisfaction with score-only feedback

may relate to how advanced students are in the course. It has been

argued that feedback works best when students have a basic under-

standing of concepts. Where foundational knowledge is lacking,

instruction rather than feedback may be more appropriate (Hattie &

Timperley, 2007; Sadler, 2010). This point was supported by Winne

(1995), who suggested that where conditional knowledge is markedly

lacking, attempts by students to self-regulate can be detrimental to

learning. Rather, students should allocate cognitive resources to build-

ing domain knowledge. Thus, score-only feedback may be better

suited to more senior students with greater discipline knowledge to

draw on. This conclusion is consistent with literature on computer-

based learning, which indicates that less directive item-based feed-

back may be beneficial when targeting higher learning outcomes for

students with a more extensive knowledge base (Mason &

Bruning, 2001; van der Kleij et al., 2015).

Finally, while students were less satisfied with score-only feed-

back in this study, it is likely dissatisfaction would have been amplified

had peer collaboration not been facilitated and encouraged. The pre-

mise of the approach described in this paper is not that less feedback

is better, but rather that less teacher-centric feedback drives students

to richer sources of information, such as peer dialogue. Data in this

study not only indicated that students benefited from peer feedback,

but also that peer feedback was highly valued. Kibble et al. (2011)

asserted that enhanced learning outcomes would be achieved with

online MCTs where students are provided with structured support to

be self-regulated learners. In this study, structured supports were evi-

dent in the establishment of a devoted online discussion board to dis-

cuss online MCT questions and the active promotion of peer learning

by faculty.
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5.4 | Limitations

Educational interventions can be complex and challenging to measure

due to numerous confounding factors (Wilkes & Bligh, 1999). The

quasi-experimental design used in this study was prone to sampling

error confounding due to non-randomisation of participants. Random-

isation was not feasible as participants worked closely with each other

and, given that students were encouraged to collaborate, any attempt

to randomly allocate students would likely have seen contamination,

with the control group (KR + EF) sharing answers with the experiment

group (score-only feedback). Mitigation strategies for sampling error

included normative group equivalence testing and a crossover design.

However, students were not surveyed on the completion of NP2

(owing to limited accessibility), and thus the survey data were not

included in crossover observations.

The current study was performed using a cohort of undergradu-

ate nursing students, which may limit the generalisability to other

cohorts and areas of study. However, given the ubiquity of online

MCTs in higher education, the paucity of previous studies on score-

only feedback, and the broad applicability of self-regulation as a met-

ric for graduate work readiness, the current study provides evidence

for the benefits of the score-only approach regardless of setting and

discipline.

Finally, the survey was designed to address specific questions but

was not validated. There was a stark difference between the self-

reported behaviours of collaboration and information seeking in the

survey, and data from the focus groups and discussion boards. This

discrepancy can be partially accounted for by adaptive and maladap-

tive information-seeking approaches already discussed. However, it is

unclear why there was a discrepancy between self-reported collabora-

tion and evidence of actual collaboration.

6 | CONCLUSIONS

This study revealed that a score-only feedback approach for formative

online MCTs is more likely to promote SRL patterns for students than

a more standard approach of KR + EF. Students respond to the

uncertainty triggered when no verification is received by self-

evaluating their work, engaging higher-order cognition, and seeking

help from their peers, clinicians and evidence-based sources. Never-

theless, score-only feedback was associated with decreased satisfac-

tion, which appeared to impact motivation. Student dissatisfaction

may be alleviated by providing more information about the rationale

of score-only feedback, using this type of feedback for more advanced

students, and encouraging peer collaboration in completing

online MCTs.

This study is unique in its consideration of a novel, rarely-

reported score-only feedback approach. The findings of this study find

congruence with the two examples located in literature. The contrast-

ing patterns of reference to key sources of information on the discus-

sion board support Cook and Babon's (2017) untested premise that

score-only feedback encourages more meaningful engagement with

learning materials. The improved performance in summative assess-

ments by students receiving score-only feedback built on findings by

Anderson and McDaniel (2021), where there was no difference

between summative scores of students receiving score-only feedback

compared with verification feedback. Feedback containing higher vol-

umes of information is generally considered more effective

(Wisniewski et al., 2020). However, the findings of this study chal-

lenge long-standing assumptions that score-only feedback is an infe-

rior approach to verification and elaborated feedback in formative

online MCTs. Future research on this feedback approach should

consider how other variables, such as the characteristics of learners,

grading, and timing of quizzes, impact student engagement with

online MCTs.

The broader implications of these findings should not be over-

looked. Nursing is not unique as a profession in which individuals

need to appraise their current performance and problem solve

through cognitive and behavioural processes. Employers are increas-

ingly seeking graduates who can think deeply about problems and

seek out external feedback to test and expand their thought pro-

cesses through collaboration and information seeking. The onus is on

higher education providers to avoid an over reliance on transmissive

forms of feedback and consider using feedback that allows for

extended states of uncertainty, replicating the challenges of real-

world workplaces.
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APPENDIX A

TABLE A1 Code manual for focus-group data

Code name Research question Definition Example

Cognitive

engagement

RQ1: Cognitive and metacognitive

engagement.

Reflects levels of cognition engaged in

the completion of the exercise.

Participant describes the cognitive

processes used to complete the online

MCTs. This could include deeper

engagement with material or superficial

strategies, such as trial-and-error

learning

You try to understand what the question is

about and why the answer would be

what it is, rather than just passing and

getting the marks.

Metacognitive

engagement

RQ1: Cognitive and metacognitive

engagement.

Reflects metacognitive processes to

enhance learning. Participant describes

a process that specifically relates to

evaluation of their work. Alternatively,

the participant refers to an action that

does not involve metacognitive

engagement, such as guess work.

Then you go through it again. I got that one

right. I know that one's right! But really?

Am I reading it wrong? Do I need to re-

read it? And I think ‘that one's definitely
right’. And you do that with every single

question. And by the end you're like ‘so
which ones did I actually get wrong?’

Information seeking RQ2: Behavioural engagement Reflects autonomous regulation of

behaviour to enhance learning.

Participant describes an action of

seeking out information to complete

online MCTs. This can be from any

source other than peers, which is

categorised as Collaboration. Sources of

information include texts, online

resources, healthcare professionals in

practice, or academics.

You have to go onto MYLO, go through the

content, go through all the lectures,

readings. You can't escape because it's

every week.

Collaboration RQ2: Behavioural engagement Reflects autonomous regulation of

behaviour to enhance learning.

Participant describes an action of

working with peers in some form to

complete the online MCTs. This

includes working on the quiz together,

sharing answers, or engaging on the

discussion board.

And you work together, even though the

answer will be the same. When you

discuss it with a friend, they will tell you

a different way to understand it and

you'll remember it for a long time.

Satisfaction RQ3: Satisfaction Relates to how satisfied students were

with the online MCTs. Participants

describe either their satisfaction or

dissatisfaction with the feedback they

received in the online MCTs.

It might be something really important that

you've got wrong, and you don't know

what it is. So I remember getting a bit

upset once where I thought, this is such

fundamental nursing knowledge. I can't

get this wrong. I need to understand this

stuff.
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