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Delayed instructional feedback may be more effective, but is this contrary to learners’ preferences?
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Abstract
This research investigates learners’ preferences for the timing of feedback provided to multiple-choice questions within technology-based instruction, hitherto an area of little empirical attention.
Digital materials are undergoing a period of renewed prominence within online learning and multiple-choice questions remain a common component. There is evidence that a delay in the provision of feedback following a learner’s response to multiple-choice questions leads to an increase in subsequent performance.   However, the learner’s perspective on delayed feedback is yet to be explored. Learner preferences are pertinent as learning designs that run contrary to preferred learning behaviours can have a negative affect on motivation and therefore engagement.
During a series of formative tests, subjects were presented with a choice of viewing either immediate or delayed feedback and their choices were recorded.  Over a two-year period data were collected relating to 599 subjects.  Qualitative interviews were also conducted to investigate why subjects made their choices.
In this research, subjects expressed a marked preference for immediate feedback, 95.33% chose to view feedback immediately following their response to a question.  The reasons for this preference are explored and the implications for learning design are considered.

Practitioner Notes
What is already known about this topic:
· Feedback has a powerful affect on learning
· Prior research suggests that a delay in the provision of feedback within technology-based instruction (TBI) following a learner’s response can lead to improved subsequent performance. 
What this paper adds:
· An insight into learners’ preferences for the timing of feedback provided within TBI
· An explanation for this preference
Implications for practice and/or policy
· Educators considering a pedagogical design in which the provision of feedback is delayed should note that this may contrary to their learners’ preference and incorporate appropriate strategies to avoid a potential reduction in learner motivation and engagement   

Background
The ability of technology-based instruction (TBI) to provide feedback (TBI feedback) to learners is perhaps its most valuable educational feature (Gagne, 1974: 8) and multiple-choice questions remain a common vehicle via which such feedback is provided.  They are present within the majority of virtual learning environments (LMSs) and are a common feature within massive open online courses (MOOCs).
The format of TBI feedback can be considered in terms of content, load and timing (Lefevre, Cox 2014).    Prior research investigating the timing of TBI feedback has generally viewed timing as a dichotomous variable.  Studies focus on whether differences arise between providing feedback immediately following a response and following a delay.  
Behaviourist notions of the role of feedback (For example: Skinner 1954) generally focused on the provision of immediate feedback.  However, consideration of the cognitive aspects to learning in the 1960s prompted research that considered the role played by feedback beyond that of simply reinforcing correct behaviour. Brackbill and Kappy (1962) found that delaying the provision of instructional feedback on a multiple-choice test by a day or more improved learners’ scores in a subsequent retention test.  In 1977 Raymond Kulhavy supported the use of delayed feedback due to a phenomenon termed the ‘delay-retention effect’ (Kulhavy 1977: 214).  Following Kulhavy’s paper, the performance benefits of the delay-retention effect were corroborated by further studies with the positive effects for delayed feedback generally being attributed to a reduction in interference from initial incorrect responses (Mory 2003). 
Research has not always supported the existence of the delay-retention effect and studies also propose the use of immediate feedback to be generally more effective (For example: Dihoff et al. 2003; Brosvic et al. 2006). Since the identification of the delay-retention effect, particular conditions under which a delay may be beneficial have been explored. Roper (1977) suggests that learners’ prior ability in a subject may be relevant. Roper found delayed feedback to be more effective for learners with existing knowledge of a subject than for those studying that subject for the first time. In a 1988 meta-analysis of 53 studies, Kulik and Kulik (1988) found that the delay-retention effect usually occurred under experimental test conditions and was usually not found when tests were performed under the conditions found in typical educational contexts.  However, this proposition has been regularly contradicted in studies since Kulik and Kulik’s analysis. (For example: Brosvic et al. 2006, Metcalfe et al., 2009, Mullet et al. 2014, Sinha and Glass 2015).
Studies continue to emerge that support the use of delayed feedback  (For example (Butler et al. 2007; Metcalfe et al. 2009; Smith and Kimball 2010; Carpenter and Vul 2011; Mullaney et al. 2014; Mullet et al.  2014; Sinha and Glass 2015) and research that has considered both short and longer term retention has found that a delay in feedback leads to improved longer term retention of the correct answer.  Brackbill and Kappy (1962) found that immediate feedback leads to faster immediate acquisition but subjects who received delayed feedback achieved higher grades in subsequent tests.  Such a result has been replicated in more recent studies (For example: Schroth 1992, Mullaney et al. 2014). 
Empirical research thus provides evidence that may lead educators to consider the provision of learning designs in which feedback is delayed.  However, learners in a study conducted by Mullet et al. (2014) reported a preference for immediate feedback and also believed this option to be more effective than delayed feedback.  The present research further explores learners’ preferences for the timing of TBI feedback by observing learners’ behaviour when presented with a choice of both immediate and delayed feedback. 
‘Schema theory’ (Anderson, Spiro et al. 1978) is adopted in the discussion section of this paper when interpreting results. This theory, which emerged from the field of cognitive psychology, makes a distinction between long term and working memory.  Knowledge is stored in long term memory in the form of schemas.  In order for new knowledge to be acquired, relevant schemas need to be activated and loaded into working memory (Derry 1996: 167). This activation, refinement and generation of schemas is proposed to form a significant part of the cognitive mechanisms that result in learning.   More recent research has identified the neuronal processes that facilitate the encoding of new conceptual information via schemas (See: Van Kesteren et al. 2014). Van Kesteren et al. (2014) revealed how such processes operate in the context of knowledge acquisition within a university setting.
Methodology and methods
This research was conducted at a single Business School and observed students conducting learning tasks within a formal programme of study in management education. The primary method of data collection was to provide subjects with a series of multiple-choice questions within technology-based instruction and a choice whether to view feedback immediately following their response to a question or following a delay.  
Data were collected over a two year period as the technology-based instruction was used with different cohorts of students. Table 1 below shows the profile of the research subjects. ‘UG’ refers to undergraduate students,  ‘Pre-Ex PG’ to pre-experience and ‘Post-Ex PG’ to post-experience taught postgraduate students. 
TABLE 1: IDEAL POSITION
It was necessary to define what should comprise immediate and delayed feedback. Immediate feedback was determined to be that provided immediately following a subject’s response to a question and delayed feedback to be that provided after a learner has responded to all questions forming a single grouping of questions within the TBI being studied. 
TABLE 2: IDEAL POSITION
Subjects studied one of the three items of technology-based instruction. A course on ‘Ethics and strategy’, an introductory course on ‘Accounting’ and a remedial course on ‘Mathematics’.  Formative tests in the form of multiple-choice questions, were provided within each course.  The ‘Ethics and strategy’ course contained one test comprising 50 questions. All questions tested qualitative concepts from the course material and were roughly evenly split between those testing recall and those testing application of the study material. An example is as follows:
(From ‘Ethics and Strategy’ test) A classic ethical dilemma is the hypothetical case of a man stealing from a grocery store in order to feed his starving family. If one used the Utilitarian Principle to evaluate this situation, you might argue that:
a. stealing the food is acceptable, because the grocer suffers the least harm.
b. stealing the food is acceptable, because the higher value is the survival of the family.
c. stealing the food is wrong, because the man would not want the grocery to steal from him.
d. stealing the food is wrong, because if everyone were to do this, the concept of personal property is defeated.		Taken from Laudon and Laudon (2005)

The ‘Accounting’ and ‘Mathematics’ courses contained a series of tests each comprising between 4 and 7 questions. The majority of questions in the ‘Accounting’ tests tested qualitative concepts from the course material and a majority tested recall of course concepts. All questions in the ‘Mathematics’ course were quantitative and all required application of course concepts. Examples are as follows
(From ‘Accounting’ test) Which of the following is not a "current liability"?
a. Long term loan 	 
b. Creditors 	 
c. Provision for tax 	 
d. Accrued expenses

(From ‘Mathematics test) If a person will receive a return of £ 1200 in three years’ time, what is the present value of that return? Assume an annual discount rate of 20%.
a. £ 666.66 
b. £ 1130.79 
c. £ 694.4 
d. £ 333.33

During these tests subjects were given the choice either to view feedback immediately following their response or after having responded to all of the questions. Subjects were required to make this choice prior to starting the test but could amend their decision during the activity. A software tool recorded each decision subjects made relating to the timing of TBI feedback.  The following screenshots demonstrate this functionality from the subjects’ perspective.  
Screen 1: The registration screen
At this screen, presented prior to commencing a test, subjects elected to view feedback either after each question or at the end of the test.
FIGURE 1: IDEAL POSITION
Screen 2: The question screen
The software tool then presented the multiple choice questions to the subject in a linear sequence. At this stage subjects were able to amend their decision regarding the timing of feedback.
FIGURE 2: IDEAL POSITION
Screen 3: The provision of immediate feedback 
If students have elected to view immediate feedback then the feedback options are presented upon a student submitting their answer.
FIGURE 3: IDEAL POSITION
Feedback items are revealed when students click the relevant button.
FIGURE 4: IDEAL POSITION
FIGURE 5: IDEAL POSITION
In the delayed feedback mode, feedback is revealed upon students submitting their response to the final question. The question panel on the right hand side of the interface reveals which questions have been answered correctly and which incorrectly. Students click on a question number to reveal the question text and the feedback options,  both presented as under the immediate feedback condition shown in figure 3. Feedback under each mode was presented in as similar a manner as possible in order to minimise the possibility that subjects would express a preference for a particular presentational style rather than timing.  
The research was conducted in two phases.  First quantitative data were gathered relating to choices made by the cohort of 145 students studying the ‘Ethics and strategy’ course.   Semi-structured interviews were conducted with a random sample of 10 subjects from this initial cohort in order to investigate why subjects had made their choices.  In the second phase, quantitative data relating to a further 454 students were gathered over a two year period.  In this second phase, quantitative data relating to a further 454 students were gathered over a two year period.  No interviews were conducted with these additional students.
The semi-structured interviews conducted with the initial cohort took place approximately one month after the test and were conducted over two days, individually, with the activity available to both interviewer and interviewee for reference.  Subjects were told in advance they would be asked questions relating to the test within the TBI activity and were instructed to repeat the test prior to the interview.  The interviews were semi-structured using a topic guide. Questions first asked subjects the primary reason for their choice and then to state any other reasons.  In the same manner, subsequent questions asked students their reasons for not selecting the remaining option.  Respondents were also encouraged to explore tangential comments and discuss issues around the topic. Data were analysed using the ‘explanation building’ approach proposed by Yin (2002: 143).  On completion of this process, 10 interviews were deemed sufficient as common patterns in the responses had been identified and a point of saturation was assumed to have been reached (Guest et al. 2006).
Results
Quantitative data
The results are shown in table 3 below.
TABLE 3: IDEAL POSITION
Table 3 shows that 28.21 per cent of subjects elected to view delayed feedback at the registration screen stage prior to starting a test.   However 207 subjects (34.56%) changed their decision at least once during the activity.  156 of the 169 subjects who initially chose delayed feedback ended the activity selecting immediate feedback and 15 of the 430 subjects who initially chose immediate feedback ended the activity selecting delayed feedback. As a result, 95.33 per cent of subjects ended the activity electing to view feedback immediately after responding to a question. Thus subjects in this research expressed a strong preference for immediate feedback.  
As shown in table 3, subjects studying the ‘Ethics and Strategy’ exercise where noticeably more likely to initially select the delayed feedback option than other subjects. An explanation for this is that all these students were encountering the test format for the first time. 281 of the 417 students studying the ‘Accounting’ exercise and 25 of the 37 studying the ‘Mathematics’ exercise had previously studied similar exercises and therefore may have maintained preferences from this prior experience.  This effect is shown in table 4 below which presents summary data only for subjects encountering the test format for the first time and in which the difference in initial selections is less marked.
TABLE 4: IDEAL POSITION
Qualitative interviews
Three subjects stated that they had elected to view delayed feedback and all stated that their reason for doing so was a concern regarding the time required to read the feedback. These students indicated a focus on task completion.
Of the subjects who stated a preference for immediate feedback, two subjects were unable to explain their rationale beyond using synonym terms such as ‘prefer’, ‘want’ and ‘better’.  Three subjects were able to elaborate further stating that viewing feedback immediately was the more efficient learning approach.  These subjects felt that receiving feedback immediately after responding to a question was the efficient choice as they would already be holding the detail of the question in mind.  Receiving feedback at the end of the exercise would require them to re-read and re-analyse the question text in order to recall the reasoning behind their original response and this required additional effort.
“I would choose after each question… because at the end of the whole exercise you might forget what the question is and why you chose a specific answer.”  [Subject #9]
 “I always choose after each question because for me it’s very important to get instant feedback from each question so that I don’t forget.  …If I get all the answers or feedback at the end of the exercise I have to go back and I have to rethink why I chose this instead of the right answer.   It’s not as efficient and … it takes double time.”  [Subject #8]
No other rationales supporting a preference for immediate feedback emerged during the interviews and it is concluded here that seeking an efficient approach to learning was the main driver behind subjects’ preference.
Discussion and conclusion
In this research, subjects expressed a strong preference for the immediate rather than delayed TBI feedback option.  Subjects studying the ‘Ethics and Strategy’ test considered immediate feedback to be the more efficient approach to resolving any knowledge gap as they would already be holding the detail of the question in mind.  Receiving feedback at the end of the exercise would require them to restudy a question in order to recall the thought behind their response and therefore required more effort.  
The mechanics of ‘Schema theory’ (Anderson, Spiro et al. 1978) provide a theoretical explanation for this behaviour. It is assumed that schemas relating to a question’s topic and to the analysis of a question were required to be activated and loaded into working memory in order for learners to interpret a question and to determine a response.  New knowledge relating to the reasoning that lead to the response is itself stored by learners via the generation of new schemas.  It is proposed here that all these schemas must also be activated in order to interpret and process the instructional feedback associated with a question.   When feedback is presented immediately, these schemas have already been activated.  However, in the delayed feedback mode these schemas may need to be reactivated and it is this that constitutes the additional effort reported by subjects in this study in reference to delayed feedback. 
Subjects expressed a strong preference for immediate feedback across all tests so it may appear reasonable to apply this explanation to the subject cohort as a whole.  However, the “Ethics and Strategy’ test comprised 50 questions while the tests in the ‘Accounting’ and ‘Mathematics’ courses were much shorter so caution should be applied. 
The results of this research are of interest to educators looking to create learning designs that incorporate delayed feedback options. Doing so may contrary to students’ preferred learning behaviours and this can negatively impact motivation (Keller and Suzuki 2004).  It is therefore suggested here that such learning designs should incorporate strategies that account for any disparity. For example by educators clarifying the rationale for any delay to students in advance of the exercise.
The context of this research was learners studying courses in management subjects at a single business school.  Additional research focusing on learners studying different subject matters and within different types of institution would be informative. In addition, learners’ ability in a subject was not included in the design of the present research. Prior ability may affect the relative effectiveness of delayed feedback (Roper 1977) and thus a further avenue for future research would be to investigate whether this also impacts of learners’ preferences for the timing of feedback.
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Tables

Table 1: Profile of research subjects
	 
	 
	Gender
	Level of Study

	Item
	n
	Female
	Male
	UG
	Pre-Ex PG
	Post-Ex PG

	Ethics and Strategy
	145
	74
	71
	0
	145
	0

	Accounting
	417
	209
	208
	53
	339
	25

	Mathematics
	37
	13
	24
	21
	0
	16

	Total
	599
	296
	303
	74
	484
	41


[bookmark: cadn0][bookmark: jhcb0]

[bookmark: _Toc224751248]Table 2: Representation of timing attributes
	Attribute
	Possible values
	Representation in testing instrument
	Notation

	Timing
	Immediate
	Provided following a learner’s response to a question.  
	I

	 
	Delayed
	Provided after a learner has responded to all questions forming a single grouping of questions.
	D



[bookmark: _Toc224751299]Table 3: Preference for the timing of feedback
	 
	Delayed or Immediate
	Ethics and strategy
	Accounting
	Mathematics
	Total

	Position prior to starting the test
	D
	70
	48.28%
	94
	22.54%
	5
	14%
	169
	28.21%

	
	I
	75
	51.72%
	323
	77.46%
	32
	86%
	430
	71.79%

	Position at end of test
	D
	9
	6.21%
	19
	4.56%
	0
	0%
	28
	4.67%

	 
	I
	136
	93.79%
	398
	95.44%
	37
	100%
	571
	95.33%

	 Total
	
	145
	 
	417
	 
	37
	 
	599
	 






Table 4: Preference for the timing of feedback: Only subjects encountering the test format for the first time
	 
	Delayed or Immediate
	Ethics and strategy
	Accounting
	Mathematics
	Total

	Position prior to starting the test
	D
	70
	48.28%
	42
	30.88%
	3
	25.00%
	115
	39.25%

	
	I
	75
	51.72%
	94
	69.12%
	9
	75.00%
	178
	60.75%

	Position at end of test
	D
	9
	6.21%
	10
	7.35%
	0
	0.00%
	19
	6.48%

	 
	I
	136
	93.79%
	126
	92.65%
	12
	100.00%
	274
	93.52%

	 Total
	
	145
	
	136
	
	12
	
	293
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[bookmark: _Toc224751155]Figure 1: The registration screen
[image: ]
Figure 2: The question screen
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Figure 3: Question screen with feedback options presented
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Figure 4: Question screen with item of feedback revealed (From ‘Ethics and Strategy’ exercise’)
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Figure 5: Selection of question screen with item of feedback revealed (From ‘Accounting’ exercise)
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