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Abstract 

 Words that are spoken aloud are remembered more effectively in relation to words that are 

read silently; this is known as the production effect. This study investigated what effects 

cognitive demand has on the production effect, in order to explore the limits of this robust 

effect. Additional cognitive demand was introduced by using mirror-reversed words. A 

convenience sample of 19 participants was recruited for this study (7 females and 12 males). 

The mean age of participants was 29.9 years (range 18 to 50, SD = 11.1). All participants 

studied mixed lists of words; half that were to be read aloud and the other half to remembered 

silently. Some participants saw these words normally (a ‘Standard group’), while others saw 

them mirror-reversed (a ‘Mirrored’ group). All participants were then tested on these words 

using a recognition test, once after study and once more the day after. Results show a clear 

production effect both on the day of study and after. However, there was no significant 

difference between the Standard and Mirrored groups, suggesting that cognitive demand had 

no significant effect on the production effect in this study. However, this may be due to a lack 

of a large enough sample size. 
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Introduction 

Reading. An activity that most humans who have learnt this often under considered 

skill participate in virtually automatically. A fascinating aspect of reading is that it can be 

done covertly within the confines of the mind, or overtly through speech and a variety of 

other ways. But what happens to memory when reading occurs both covertly and overtly, and 

is there a difference between the two in the amount of material retained? In 1972, Hopkins 

and Edwards undertook a study to determine whether memory for words read aloud was 

better than that of words read silently. When testing groups that either read aloud all words 

within a study list, or silently read them – a pure list design – there was no meaningful 

difference. However, when employing a mixed list design – having participants read half of 

the words aloud and silently read the other half – they found that participants remembered 

more words read aloud than words read silently. This suggests that words read aloud are 

remembered more effectively, providing benefits to memory over reading words silently.  

Begg and Snider (1987) also found this to be the case, but not because the words that 

were read aloud were remembered more effectively, but rather because there was a cost to 

memory of the words read silently in comparison to pure list controls that read all words 

silently. Gathercole and Conway (1988) conducted several similar experiments in their study, 

having participants not only read words both silently and aloud, but also mouth or write them. 

In tandem with Hopkins and Edwards (1972), they found that reading words aloud provided 

the most consistent and meaningful boost to memory performance. From these initial and 

early studies, it was clear that there was some memory effect at play that provided words that 

were read aloud an advantage over their silently read counterparts, marking a distinction 

between the covert and overt. This effect would later come to be known as the production 

effect. 

The Production Effect 
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The production effect was popularised and defined by MacLeod et al., (2010), and 

refers to the finding that verbally producing words aloud enhances memory when compared 

to silently reading words. In one experiment, MacLeod et al. (2010) used nouns ranging from 

five to ten letters long, drawn from a pool of 120 words. For study, 80 of these words were 

used and randomly presented for 2000ms with a 500ms interstimulus interval, 40 to be read 

silently and the other 40 to be read aloud. For testing, 20 words from each condition as well 

as an additional 20 unstudied words were used. The spoken words were recognised 16.2% 

more than silently read words (76% compared to 59.8%, respectively). Additionally, 

MacLeod et al. (2010) also found in additional experiments that the production effect extends 

to silently mouthing a word (i.e., physical production without actual speech), and even for 

nonwords. This demonstrates that the production effect is widely applicable and encompasses 

production more broadly.  

Expanding upon the production effect’s benefit to memory, the production effect is 

robust and consistently shown to improve memory by 10% to 25% across various studies 

(Bodner, Taikh, & Fawcett, 2013; Hourihan & MacLeod, 2008; MacLeod et al., 2010) in 

terms of correct recognition between silently read and produced words. Outside of 

recognition, the production effect also occurs in designs where memory is tested via free 

recall (Jones & Pyc, 2014), or rather remembering in the absence of any external cues. This 

demonstrates that the production effect occurs across differing methods of memory retrieval, 

increasing its applicability as a study tool. This is particularly relevant when considering the 

production effect in an educational context, as material can be tested using recognition (e.g., 

multiple choice) or recall (question-answer) based designs. However, the production effect is 

not limited to benefits between spoken and silently read words, but occurs in more broader 

contexts as well. 



5 
 

 
 

As previously mentioned, the production effect occurs when words are silently 

mouthed, but also in contexts where some words are written (Dewhurst, Rackie, & van Esch, 

2016), typed (Forrin, MacLeod, & Ozubko, 2012), sung (Quinlan & Taylor, 2013), and even 

when the read aloud words are spoken to the participant by someone else (MacLeod, 2011). 

Moreover, it also shown to be useful for improving memory in young children (Icht & Mama, 

2015), and adding onto this, the production effect occurs in cases even when individuals have 

some motor-control difficulties in physically producing speech, such as those with dysarthria 

(Icht, Bergerzon-Biton, & Mama, 2019). This demonstrates that the production effect is not 

only useful for healthy adult populations, but also for those with speech difficulties and in 

younger populations, further increasing its applicability as a study tool. Looking beyond 

simple reading contexts, the production effect also improves memory in regard to picture 

naming (Zormpa et al., 2019).  Additionally, there is a similar effect dubbed the enactment 

effect, whereby words that are physically enacted provide massive boosts to memory 

compared to those just read (Blowfield, 2018). While this particular effect does generally 

provide more impressive boosts to memory over the standard production effect, it is 

practically limited to words that are verbs i.e., words that can be physically acted out. 

Nonetheless, this suggests that the production and related effects are widely applicable tools 

in improving memory for selected material across a range of modalities. 

Competing Theories for the Production Effect 

There are two main theoretical views that attempt to explain why the production 

effect occurs. The first, and perhaps most generally accepted, is the distinctiveness account. 

The fundamental idea behind this theoretical account is that words that are spoken or 

produced in some other fashion, are relatively more distinctive than the words that are silently 

read or unproduced (Ozubko & MacLeod, 2010). That is, the spoken words have an element 

that distinguishes them in relation to the silently read words because they inherently 
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incorporate multiple modes of interaction. They are not only read but spoken and heard as 

well. This relative distinctiveness occurs in designs that incorporate mixed lists of words, 

whereby some words are read aloud and others read silently (Bodner & Taikh, 2012). It is the 

relativity of the spoken words in comparison to the silent words that appears responsible for 

the production effect under this theoretical view, as studies that investigate the production 

effect using pure list designs, that is where all words are either entirely produced or entirely 

silently read, generally find no or very little production effect between the two (Ozubko & 

MacLeod, 2010; Bodner & Taikh, 2012), but findings in this respect are inconsistent. These 

mixed list designs allow for the relative distinction between the silent and spoken words, as in 

pure list designs all words are read in the same manner, and therefore are no more distinctive 

than any other within the same list; they are either all read silently or aloud.  

One potential weakness of the distinctiveness view comes from within itself; if the 

spoken words are more distinctive within mixed lists because they are spoken, then it stands 

to reason that the silently read words are equally as distinctive because they are not spoken. 

For example, if black stands out against white, then white must logically do the same against 

black. Perhaps this distinctiveness is driven by the additional modes in which the words are 

interacted with. Another weakness is that the production effect has been shown to occur in 

pure list designs (Fawcett, 2013). If the production effect can occur in these designs where 

relative distinction cannot play a major contributing role, then something else must also be 

responsible for the production effect. This is where the strength account comes into play. 

The strength account is the other main, arguably less accepted theoretical view. The 

underlying idea behind this theoretical account is that the words that are spoken produce 

stronger memory traces than those that are silently read, because of the modal translation 

between visual and verbal stimuli (Dewhurst, Rackie, & van Esch, 2016). This modal 

translation expands the ‘formats’ in which initial encoding occurs, thereby providing multiple 
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avenues in which the stored information can be retrieved. This can in turn potentially 

improve memory. However, Forrin and MacLeod (2018a) found that an increased 

performance on a recognition task related to modal translation occurred because it reduced 

false alarms, rather than improved the recognition rate of studied words. False alarms refer to 

words that are thought to have been studied but are in fact unstudied words used as fillers 

during recognition testing. This falls in line with the distinctiveness view as opposed to the 

strength view, as it would be expected that overall improved recognition would occur under 

the strength view, due to the proposed stronger memory traces for each studied word. 

Similarly, another flaw with the strength view is that as previously mentioned, the production 

effect is inconsistent in terms of strength or presence when pure list designs are used. 

However, this does not mean that the strength account should be discarded entirely, but 

perhaps rather that it could be intertwined with the more accepted distinctiveness theoretical 

view. 

By combining the relevant components of the two opposing views, it may be possible 

to produce a more comprehensive and applicable explanation for the production effect. This 

would allow both the studies that show the production effect is largest and most consistent in 

mixed list designs (Bodner & Taikh, 2012; Ozubko & MacLeod, 2010) to be compatible with 

those that demonstrate smaller, less consistent production effects within pure list designs. Put 

another way, the production effect may be driven by the proposed principles of both 

distinctiveness and strength, which can explain the smaller effects in between-subjects 

designs, as they have the strength component but lack distinctiveness. By combining these 

theoretical view into one, the better memory based on the translational element of the 

production effect and therefore stronger encoding (Dewhurst, Rackie, & van Esch, 2016) can 

fill in the gaps that the distinctiveness theoretical view leaves behind. This would require 

both some empirical support and theoretical alterations. However, the evidence already 
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appears to be there, it is just that a combined, comprehensive view that is able to explain the 

various findings without contradiction needs to be produced in order to achieve this. 

Modifications of the Production Effect 

A key difference between mixed and pure list designs is whether the production effect 

can occur both in within-subjects and between-subjects designs, respectively. As mentioned, 

the production effect is most clear in within-subjects designs, but there are studies that 

demonstrate its albeit weaker presence within between-subjects designs. For example, a study 

by Taikh and Bodner (2016) found a between-subjects production effect. The group that read 

words aloud recognised 9% more than the group that read words silently (77% compared to 

68%, respectively). This improvement is an example of the strength view, as the 

improvement in recognition of the group that read words aloud compared to the group that 

read words silently demonstrates the effect of modal translation of visual to aural stimuli. An 

earlier meta-analysis conducted by Fawcett (2013) further supports this. They found that a 

moderate effect of production was present in between-subjects manipulations of the 

production effect. Again, this would seem to support the strength view. However, Fawcett 

and Ozubko (2016) suggest that the between-subjects production effect is driven by 

familiarity. That is, that words spoken aloud in comparison to words read silently had greater 

improvements on the familiarity of studied words. From the combined findings of the 

literature, it is clear that the production effect occurs both in within-subjects designs and 

between-subjects designs, though the effect tends to be smaller in between-subjects designs 

potentially due to a lack of relative distinctiveness between silently read and spoken words. 

The production effect is also influenced based on who performs the production. 

MacLeod (2011) found that the production effect occurs even when the words produced are 

done so by someone else, though the production effect is smaller in these cases (85% 

recognition from self-based production compared with 65% from other-based production). 
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Interestingly, it was also found that a combined production between the ‘rememberer’ and 

another person had a production effect greater in magnitude than when production occurs 

purely externally (77.8%), but smaller than when the source of production is the self- i.e., the 

rememberer themselves. This finding was replicated by Forrin and MacLeod (2018b), and it 

is suggested that there is a self-referential component that is factored into the production 

effect, playing into the distinctiveness view. 

The retrieval method at the time of testing factors into the production effect. 

Generally, it is demonstrated in the literature that the production effect is greater when the 

memory tests assess recognition as opposed to recall (Rumbaugh & Landau, 2018). In this 

study, boosts in recognition performance for spoken words was 22% higher than for silently 

read words, while boosts in recall for spoken words was only 8% higher than silently read 

words. One potential reason for this finding is that recognition is generally an easier method 

of retrieval compared to recall, and so the boosts to memory are greater because the baseline 

of memory is greater. Although, there are some studies in which the difference in 

improvements between recognition and recall are not so different. A study by Bodner, Taikh 

and Fawcett (2013) showed that recognition of produced words was 20% greater than silently 

read words, while another study by Jones and Pyc (2014) showed that improvements in recall 

of produced words was roughly 15% greater than silently read words. This demonstrates that 

while the production effect is most consistently effective when test material is to be 

recognised, it can also be used when test material is to be recalled. This shows that the 

production effect is widely applicable, and can provide benefits to memory across a range of 

testing methods. 

Cognitive Demand 

Cognitive demand also seems to play a role in the magnitude of the production effect. 

A previous study by van den Bosch (2019) investigated the effects of font manipulation on 
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the production effect, by using a recently developed font named Sans Forgetica. This font 

increases cognitive demand as it is partially degraded, and as such requires greater effort in 

order to interpret it. By comparing typical mixed lists of words written in either Sans 

Forgetica or Arial, they found that when the spoken words are those in Sans Forgetica, then 

the production effect was disrupted (11% improvement), but when the silently read words 

were written in Sans Forgetica, then the production effect was larger (30% improvement). 

This demonstrates that the production effect can be modified when the cognitive complexity 

of reading words at study is manipulated. However, the cognitive demand was not applied 

equally to both word types simultaneously in the study by van den Bosch (2019), as one 

group either saw the silently read words in Sans Forgetica, or the read-aloud words in Sans 

Forgetica. 

Nonetheless, the general finding that cognitive demand can affect the production 

effect is similar to that of Putnam et al. (2014). In this study, participants studied word pairs 

as opposed to single words, as the researchers’ aims were to see if the production effect 

extended to paired-associate learning. When adding an additional semantic rating task, they 

found that the addition of this task on top of a typical production effect design had overridden 

the production effect completely. This additional cognitive demand during study clearly plays 

some role in influencing either the presence or strength of the production effect, though 

further research is needed to clarify the exact nature of these effects. 

In terms of the two main theoretical views of the production effect, strength and 

distinctiveness, cognitive demand is indirectly related to both. In regard to the former, the 

additional cognitive demand should add an additional layer to the encoding process, 

enhancing the quality of the memory trace in a similar manner to the translation effects 

described in Dewhurst, Rackie and van Esch (2016). This is however assuming the mirror-

reversed words will be read effectively. On the other hand, this additional cognitive demand 
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should not particularly impact relative distinctiveness, as the participants studying mirror-

reversed words will see all study words in that fashion. Rather, it ties in with the element of 

distinctiveness as discussed in Forrin and MacLeod (2018a), as there is the potential that the 

mirror-reversed words will be more familiar than non-reversed words just as produced words 

themselves are more familiar in comparison to silently read words. However, the current 

study’s overarching objective is not to link cognitive demand to the theoretical explanations 

of the production effect, but rather to explore the limits of its use within real-world settings. 

As for the present study, an additional level of cognitive demand will be added by 

having one group of participants study a typical mixed list in which all of the words will be 

mirror-reversed, requiring an inherent spatial rotation to make them legible. This will then be 

compared with a control group that will study a standard mixed list. Additionally, there will 

be no limits on the types of words used, such as nouns or verbs, as O’Leary (2019) found no 

significant difference between these word types. This will also improve the current study’s 

ecological validity, as it is unlikely that one will ever specifically study a list of exclusively 

nouns or verbs. To further emphasise ecological validity, the current study will also be 

implementing a test of long-term memory. A previous study by Ozubko, Hourihan and 

MacLeod (2012) has shown that the production persisted over a week-long period; the 

current study will test if this finding can be replicated over a smaller period of a day. 

Mirrored Words 

As some participants will be reading a mirror-reversed mixed list, they will be 

required to mentally perform a spatial transformation for each individual word in order for 

them to be legible, on top of reading some words silently, and others aloud. This additional 

requirement will therefore increase the overall cognitive complexity of the task, and as such 

increase the effort required to read the words presented. It is expected that this level of 

cognitive demand should prove challenging enough to make a clear impact, but not to the 
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extent that participants cannot read the words presented. Assuming this additional cognitive 

task meets the standards of ‘desired difficulty’ – having a task be challenging in a way that 

enhances learning (Bjork & Bjork, 2011) – then mirror-reversing some words should improve 

learning and by extension, recognition of those words at testing. A study by Mama and Icht 

(2018) demonstrated this positive effect of desirable difficulty, by finding that adding a 

forced delay on vocal production increased the magnitude of the production effect on free 

recall when compared to immediate production. This delay required participants to inhibit 

their urge to immediately vocalise, instead having to additionally time their response. 

Aims and Hypotheses 

The current study aims to answer three research questions. Firstly, does spatial 

transformation of words affect the magnitude of the production effect? Secondly, does the 

production effect persist over a long retention period? Thirdly, does the effect of retention 

period on the production effect depend on cognitive demands at study? Leading on from 

these three research questions in addition to previous literature, there are three hypotheses: 

Firstly, it is hypothesised that the production effect will be increased when studied words are 

mirror-reversed; Secondly, it is hypothesised that the production effect will persist after a 

long retention interval but be reduced in strength; Thirdly, it is hypothesised that the 

reduction in strength of the production effect over the retention interval will be smaller for 

the more cognitively demanding task at study. 

 

Method 

Participants 

A convenience sample of 19 participants was recruited for this study (7 females and 

12 males). The mean age of participants was 29.9 years (range 18 to 50, SD = 11.1). 
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Participants were aged between 18 and 55, had no reading or speech disabilities, no pre-

existing cognitive disorders, had normal or corrected to normal vision, and spoke English as a 

first language.  

The study was advertised using flyers at various places on the University of 

Tasmania’s Sandy Bay campus, through social media, and through SONA, the University of 

Tasmania’s online research participation system in which eligible students can sign up. In 

order to promote participation, participants could either receive research credit or be entered 

into a draw to win one of six $50 gift vouchers. 

Materials and Apparatus 

An HP Pavilion personal laptop was used to run both the study and first testing phase 

of the study. The psychology research program, PsychoPy 3 (v2021.2.0), was used to conduct 

these two phases in addition to the second testing phase. 

A word pool consisting of 156 words (see Appendix A) was generated using the MRC 

Psycholinguistic Database (Wilson, 1988). Words between four and seven letters long were 

selected from the database across the entire alphabetical range. Additionally, due to the 

potential for these words to be mirror-reversed, words that contained a majority of letters that 

would appear the same reversed (e.g., A, T, U, etc.) were excluded on a case-by-case basis, as 

these tended to be significantly easier to read. All 156 words were randomly sorted into 

groups; six words were used in a brief practice session (the practice list), 120 words were 

used in the main study list, and the remaining 30 were used as non-studied words during 

testing. These 30 words were combined with 60 of the words from the study list to produce 

the test list. The words from the study list were randomly split between two categories to 

produce a mixed-list design; 60 were to be read silently and the other 60 were to be read 

aloud during the study phase. All words were presented in Arial font and scaled to be 15% of 

the height of the monitor. 



14 
 

 
 

Study Phase 

The same practice and study list was used for both the ‘Standard’ and ‘Mirrored’ 

conditions, the only differences being whether all words were presented mirror-reversed or 

not, and the order in which they were presented as this was randomised per participant. 

Words were presented upon a black background either in white text (indicating that the words 

were to be read silently) or in blue text (indicating that the words were to be read aloud). 

First and Second Testing Phase 

As with the study phase, the same test list was used for both the ‘Standard’ and 

‘Mirrored’ conditions, and the order in which the words appeared was randomised. However, 

all words were presented normally upon a black background and in yellow font, so that any 

potential contextual cues were eliminated. 

The second testing phase was for the most part identical to the first, except this was 

completed online the following day as close to 24 hours (within a suggested window of 18-30 

hours if feasible) after initial testing as possible, in order to test any long-term memory 

effects. 

Procedure 

Participants were previously given a brief overview of what the study entailed before 

participating in the first session, as well as further information immediately prior to 

commencing the study phase. Participants who completed the study in-person were provided 

with information sheets that explained the study and provided instructions, as well as consent 

forms. Participants who completed the study online were instead provided with this 

information online and provided consent in an equivalent manner. Participants had 14 days in 

which they were able to request that their data be withdrawn from the study. Participants 

were advised that they could withdraw at any time during the sessions themselves, and that 

there would be no consequences in doing so. After briefing, participants provided basic 



15 
 

 
 

demographic information including age and gender, and additionally provided consent to 

participate in the study. To disguise the true purpose of the study, the fact that some words 

were read aloud was attributed to the need to ensure that participants were actively reading 

the words presented. Additionally, the experimenter was careful not to use the phrase 

production effect at any time so that participants could not detect any potential clues as to the 

true purpose of the study, which may have affected their strategy. 

The relevant study instructions also appeared during the various phases, to ensure 

participants understood what to do at each phase. Participants were randomly assigned to one 

of the two groups, ‘Standard’ or ‘Mirrored’. Participants from the former group saw all study 

words presented normally, while participants from the latter group saw all study words 

presented in a mirror-reversed fashion. An initial practice period took place before the main 

study phase, so that participants had time to get familiar with the process. During the study 

phase, each word was presented for 3000ms, with a 500ms interstimulus interval between 

each word. This duration was used so that participants had enough time to read the mirror-

reversed words, as well as inhibit their urge to unintentionally speak words that were meant 

to be read silently (those in white text). Participants were informed that small mistakes were 

likely to occur, and to simply try to perform at their best. After the study phase was 

concluded, a brief interference task (counting backwards in threes from 90) was used to clear 

out working memory and ensure that participants could not covertly rehearse the studied 

words. At this point, the true aim of the study was revealed to participants, and the production 

effect was explained. Debriefing took place at this point so that if participants wished to 

withdraw after knowing the true aim of the study, they could do so without any further 

intrusion on their time. Additionally, this also ensured that the two testing phases were 

consistent, and considering that the study phase had already passed, there would be no 

foreseeable impact on performance. No participants withdrew.  
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The first testing phase immediately followed, and participants were presented with the 

test list. These words individually appeared on the screen and stayed so until the participant 

decided if the word was a studied word (an ‘old’ word, indicated by pressing the / key or 

saying old word), or a new word (indicated by pressing the z key or saying new word). After 

completion, participants were thanked for their participation, and provided with details 

regarding how to access the second testing phase. Participants were informed to access the 

second part of the study as close to 24 hours after initial testing as possible, and keep the 

study conditions as close as possible to the original study and testing conditions. 

Design and Analysis 

A 2x2x2 mixed factorial ANOVA was conducted on the proportion of words correctly 

recognised during recall. Two of these factors are within-subjects – Word-Type (Silent, 

Spoken) and Time (Immediate, Delayed) – while the other is between-subjects – Group 

(Standard, Mirrored). This analysis formed a planned comparison to specifically look at the 

production effect. For the purposes of analysis and as an additional measure of recognition, 

the new words seen during the test phases constituted an additional level of the Word-Type 

variable, ‘New’. When all three word-types were included, the analysis pertained to words 

generally identified as ‘Old’: for ‘New’ words these were incorrect responses (false alarms), 

while for ‘Silent’ and ‘Spoken’ these were correct responses (hits). There were two 

demographic variables that constituted descriptive statistics, namely age and gender.  

To examine any main effects or interactions, post-hoc Tukey tests were used. These 

were able to reveal any potential effects of, and interactions related to, Time. The production 

effect itself was identified through a main effect of Word-Type, excluding the ‘New’ words. 

Additionally, a Bayesian ANOVA was conducted in order to derive inclusion Bayes factors 

(BFInclusion) to further investigate main effects and interactions. This approach is suggested by 

Sebastiaan Mathôt (2017). It allows each separate model that includes any main effect or 
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interaction to be compared with the null model, indicating which there is more evidence for. 

BFInclusion values greater than one indicates that the data is more likely under any particular 

model, while values lesser than one indicates more support for the null model. In regard to 

the hypotheses specifically, a significant interaction between Group and Word-Type would 

support H1, a significant interaction between Time and Day would support H2, and a 

significant interaction between Group, Word-Type and Time would support H3. 

The d-prime (d’) statistic was calculated for each participant as a measure of 

sensitivity, thereby enabling a quantification of the participants’ ability to discriminate 

between the ‘New and ‘Old’ words. A d’ prime value of zero indicates an inability to 

discriminate between new and old words (chance-driven performance). Values less than zero 

indicate higher false alarm rates than hit rates (performance worse than chance), and values 

greater than zero indicate an ability to discriminate between ‘Old’ and ‘New’ words 

(performance better than chance). 

Results 

Mixed (3x2x2) Factorial ANOVA: % of Words Identified as ‘Old’  

This analysis was conducted to test if participants could discriminate new words 

(New) from studied words (Silent, Spoken) over the two test phases, and whether this 

differed between the Standard and Mirrored groups. There were no violations of Levene’s 

test of homogeneity of variances (p > .05), or of Mauchly’s test of the assumption of 

sphericity (p > .05). 

There was a large, significant main effect of Word-Type, F (2, 34) = 114.57, p < .001, 

η2 = .638. This can in part be attributed to the production effect, however it is also affected by 

the false alarm rate of the ‘New’ words. Bayesian analysis demonstrated that the data is 

extremely more likely given a model including Word-Type, BFInclusion = 5.75e+28. Post-hoc 

Tukey tests showed significant differences between all three word-types (p <.001). There was 
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no significant main effect of Group, F (1, 17) = 3.97, p = .063, η2 = .033, suggesting that the 

performance in correct recognition proportions did not significantly differ between the 

Standard and Mirrored groups. However, Bayesian analysis demonstrated that the data is 

roughly 1.5 times more likely given a model including Group, BFInclusion = 1.56. This suggests 

that the difference between the Standard and Mirrored groups may be there, but a greater 

sample size is needed to reach the statistical power required to reveal it. For example, there 

are clear improvements in memory that can be seen when observing the data (Figure 1). The 

results of the first test phase show that participants in the Mirrored group correctly recognised 

both more silently read (M = 62.7%, SD = 18.5%,) and spoken words (M = 88.3%, SD = 

9.9%) than the Standard group (Silent: M = 52.8%, SD = 13.1%; Spoken: M = 76.6%, SD = 

8.4%). The Mirrored group additionally correctly recognised more words for the second test 

phase of both the silently read (M = 61.8%, SD = 17.9%) and spoken words (M = 79.3%, SD 

= 14.5%), in comparison to the Standard group (Silent: M = 48.2%, SD = 16.9%; Spoken: M 

= 67.4%, SD = 9.4%) 

Similarly, there was no significant main effect of Day, F (1, 17) = 1.751, p = .203, η2 

= .002. However, this may be affected by the sharp increase in false alarm rates in the second 

testing phase (seen in Figure 1). Bayesian analysis demonstrated that the data is roughly a 

third as likely given a model including Day compared to a null model, BFInclusion = 0.32. This 

suggests more support for the null model. When observing the data (Figure 2), it can be seen 

that the false alarm rate for the Mirrored group is marginally higher (M = 19%, SD = 12.1%) 

than the Standard group (M = 17.4%, SD = 9.7%) during the first test phase, and more so 

during the second test phase (M = 40.7%, SD = 17.4%; M = 33%, SD = 15.6%, respectively). 

This may be related to the increased difficulty of reading the mirror-reversed words. 

There was no significant interaction between Word-Type and Group F (2, 34) = .76, p 

= .475, η2 = .004, thereby providing no support for the first hypothesis. Bayesian analysis 
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supports this, suggesting that the null model better explains the data than a model including 

the Word-Type x Group interaction, BFInclusion = 0.40. There was no significant interaction 

between Group and Day, F (1, 17) = .95, p = .343, η2 = .001. Bayesian analysis supports this, 

suggesting more evidence for the null model, BFInclusion = 0.34. The third hypothesis was also 

unsupported, as there was no significant interaction between Word-Type, Group and Day, F 

(2, 34) = .69, p = .507, η2 = .001. Bayesian analysis supports this, indicating greater evidence 

for the null model than the three-way model, BFInclusion = 0.22. There was a significant 

interaction between Word-Type and Day, F (2, 34) = 64.84, p < .001, η2 = .052, providing 

support for the second hypothesis. This is also supported by Bayesian analysis, BFInclusion = 

56091.23, indicating that the data is extremely more likely given a model that includes the 

interaction between Word-Type and Day compared to the null model. Post-hoc Tukey tests 

revealed significant differences between all levels of comparison (p ≤ .004), excluding 

between ‘Silent Immediate’ and ‘Silent Delayed’ words (p = 0.621).  

Figure 1 

Recognition Proportions for each Word-Type split by Group 
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Note. Individual observed scores represented as dots. Lines represent connections 

between the means of each Word-Type split by group. Error bars represent 95% Confidence 

Intervals. Data within the ‘New’ word-type indicates false alarm rates (incorrectly identified 

as ‘Old’). Data within the ‘Silent’ and ‘Spoken’ word-types indicates hit-rates (correctly 

identified as ‘Old’). ‘Immediate’ and ‘Delayed’ refer to the first and second test phases, 

respectively. 

Mixed (2x2x2) Factorial ANOVA (Planned Comparison): % of Words Correctly 

Identified as ‘Old’ 

This analysis directly assesses the production effect while splitting by group, by 

removing the ‘New’ words as a confounding variable and looking solely at the differences 

between silent and spoken words. There were no violations of Levene’s test of homogeneity 

of variances (p > .05), or of Mauchly’s test of the assumption of sphericity (p > .05). 

There was a large, significant main effect of Word-Type, F (1, 17) = 50.94, p < .001, 

η2 = .338. This effect can be entirely attributed to the production effect. Bayesian analysis 

demonstrated that the data is extremely more likely given a model including Word-Type 

compared to the null model, BFInclusion = 4.89e+11. In contrast to the previous analysis, there 

was a moderate, significant main effect of Group, F (1, 17) = 4.66, p = .045, η2 = .101, 

indicating that the performance across groups differed significantly. This can be observed in 

Figure 2. Bayesian analysis demonstrated that the data is roughly 1.8 times more likely given 

a model including Group, BFInclusion = 1.87. There was a small, significant main effect of Day, 

F (1, 17) = 15.58, p = .001, η2 = .026. Bayesian analysis demonstrated that the data is roughly 

seven times more likely given a model including Day compared with the null model, 

BFInclusion = 6.79. 

In addition to the previous analysis, there was also no support for the first hypothesis, 

as there was no significant interaction between Word-Type and Group, F (1, 17) = 3.88e-4, p 
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= .985, η2 < .000. Bayesian analysis indicates greater evidence for the null model than the 

Word-Type by Group model, BFInclusion = 0.35. Despite this, the production effect observed in 

the first test phase for the Standard group measures at 23.8%, while it is marginally larger for 

the Mirrored group, at 25.6%. Conversely, the production effect observed in the second test 

phase for the Standard group is marginally higher than the Mirrored Group, at 19.2% 

compared to 17.5%, respectively. However, these differences are relatively minor and come 

from a very small sample size, so it difficult to draw any valid conclusions from them. 

Similarly, there was no significant interaction between Group and Day, F (1, 17) = 

0.42, p = .526, η2 = .001, BFInclusion = 0.32, nor between Word-Type, Group and Day, F (1, 

17) = 0.59, p = .451, η2 = .001, BFInclusion = 0.46. This demonstrates a lack of support for the 

third hypothesis, and greater evidence for the null model than one including the three-way 

interaction. On the other hand, there was again support for the second hypothesis, as there 

was a significant interaction between Word-Type and Day, F (1, 17) = 7.47, p = .014, η2 = 

.007. This suggests that the interaction between Word-Type and Day was not driven by the 

increase in false alarms or the ‘New’ words across the two test phases. However, the very 

small effect size in conjunction with the results of Bayesian analysis (BFInclusion = 0.81) means 

this support is not definitive and should be interpreted cautiously. Post-hoc Tukey tests 

revealed significant differences between all levels of comparison (p ≤ .002), while again 

excluding between ‘Silent Immediate’ and ‘Silent Delayed’ words (p = 0.415).  

To examine whether the data is consistent with prior production effect research, the 

data was also analysed without splitting by group (2x2 repeated measures ANOVA). This 

would additionally reveal how the data directly compares with similar research, and the direct 

strength of the production effect alone without the additional ‘New’ words or effects of 

Group. 
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There was a large, significant main effect of Word-Type, F (1, 18) = 54.10, p < .001, 

η2 = .338, demonstrating a clear production effect. There was a small, significant main effect 

of Day, F (1, 18) = 15.86, p < .001, η2 = .025. There was a significant interaction between 

Word-Type and Day, F (1, 18) = 7.90, p = .012, η2 = .008, though this is very minimal in 

terms of effect size. 

Data for the first test phase shows participants correctly recognised more spoken 

words (M = 82.8%, SD = 10.8%) than silently read words (M = 58%, SD = 16.5%), 

demonstrating an improvement in words recognised of 24.8%. This is categorised by a very 

large effect size, d = 1.78. Data for the second test phase shows that participants correctly 

recognised more spoken words (M = 73.7%, SD = 13.5%) than silently read words (M = 

55.4%, SD = 18.3%), demonstrating an improvement of 18.3%. This is also categorised by a 

very large effect size, d = 1.14. Interestingly, this improvement is not as large as that found in 

the first test phase, providing some initial support for the second hypothesis. These 

differences demonstrate both main effects, and the differences in the strength of the 

production effect over the two test phases may explain the minor interaction between Word-

Type and Day. These differences can be observed in Figure 2. 

Figure 2 

Correct Recognition Proportions for each Word-Type split by Day 

 

 



23 
 

 
 

 

Note. Individual observed scores represented as dots. Lines represent connections 

between the means of each Word-Type split by day. Error bars represent 95% Confidence 

Intervals. 

Mixed (2x2x2) Factorial ANOVA: Ability to Discriminate between ‘New’ and ‘Old’ 

Words (d’) 

This analysis assesses the production effect, while also taking into account both the 

hit and false alarm rates. As d’ is a measure of response discrimination, this allows for a 

comparison of the ability to discriminate between ‘New’ and ‘Old words’, to see if there are 

any meaningful differences between the Standard and Mirrored groups and between silent 

and spoken words. There were no violations of Levene’s test of homogeneity of variances (p 

> .05), or of Mauchly’s test of the assumption of sphericity (p > .05). 

There was a large, significant main effect of Word-Type, F (1, 17) = 54.12, p < .001, 

η2 = .214. Bayesian analysis demonstrated that the data is extremely more likely given a 

model that includes Word-Type, BFInclusion = 5.89e+6. There was no significant main effect of 

Group, F (1, 17) = 2.42, p = .139, η2 = .042, and Bayesian analysis indicates somewhat more 
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evidence for the null model compared to the model with Word-Type, BFInclusion = 0.81. There 

was a large, significant main effect of Day, F (1, 17) = 102.26, p < .001, η2 = .303. Bayesian 

analysis demonstrated that the data is much more likely given a model that includes Day 

compared to the null model, BFInclusion = 1.00e+9. 

There was no significant interaction between Word-Type and Group, F (1, 17) = .97, 

p = .339, η2 = .004, BFInclusion = 0.70. Similarly, there was no significant interaction between 

Group and Day, F (1, 17) = 1.84, p = .193, η2 = .005, BFInclusion = 0.51, or between Word-

Type, Group and Day, F (1, 17) = 3.85, p = .066, η2 = .002, BFInclusion = 0.475. The inclusion 

Bayes factors for these interactions indicate more evidence for the null model on both 

accounts. This demonstrates a lack of support for the third hypothesis. There was a significant 

interaction between Word-Type and Day, F (1, 17) = 18.09, p < .001, η2 = .009. Just as with 

the previous analysis however, the very small effect size in conjunction with the results of 

Bayesian analysis (BFInclusion = 0.89) means this support is in no way conclusive. Post-hoc 

Tukey tests revealed significant differences between all levels of comparison (p < .001), 

excluding between ‘Silent Immediate’ and ‘Spoken Delayed’ words (p = 0.654). 

Despite the lack of a significant main effect of Group or interaction between Word-

Type and Group, there are clear differences between the groups that can be observed in 

Figure 3. Results of the first test phase show that participants in the Mirrored group are more 

accurate in their responses for both word-types (Silent: M = 1.32, SD = 0.44; Spoken: M = 

2.32, SD = 0.61) than the Standard group (Silent: M = 1.06, SD = 0.48; Spoken: M = 1.74, SD 

= 0.55). Interestingly, when viewing the production effect in this regard, the Mirrored group 

demonstrates a greater improvement (1) than the Standard group (0.68). Results of the second 

test phase again show that participants in the Mirrored group are more accurate in their 

responses for both word-types (Silent: M = 0.59, SD = 0.33; Spoken: M = 1.17, SD = 0.36) 

than the Standard group (Silent: M = 0.43, SD = 0.59; Spoken: M = 0.95, SD = 0.67). Here, 
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the Mirrored group still demonstrates an improvement (0.58) over the Standard group (0.52), 

but it is not as pronounced in this second phase. Regardless, over both test phases both groups 

demonstrate performance that is better than chance, though the Mirrored group is better in 

every aspect. 

Figure 3 

d’ Values for each Word-Type split by Group 

 

 

Note. Individual observed scores represented as dots. Lines represent connections 

between the means of each Word-Type split by group. Error bars represent 95% Confidence 

Intervals. ‘Immediate’ and ‘Delayed’ refer to the first and second test phases, respectively. 

Discussion 

The main aim of the study was to identify if cognitive demand, as added by a spatial 

rotation of words, would affect the production effect. It was expected that an additional level 

of cognitive demand would increase the strength of the production effect, as well as decrease 
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the reduction in strength of the production effect caused by a long retention interval. We did 

not find this to be the case. However, it was expected that the production effect would be 

smaller over a long retention interval, and this was found to be the case. Our findings 

regarding the production effect itself were consistent with prior research (Bodner, Taikh, & 

Fawcett, 2013; Hourihan & MacLeod, 2008; MacLeod et al., 2010), as the current study 

found a strong production effect, represented by a 24.8% improvement in recognition of 

spoken words (82.8%) compared to silently read words (58%). However, when splitting the 

data by Group, the production effect is still evident in both the Standard and Mirrored groups, 

which leads into this study’s first aim and hypothesis. 

The Production Effect and Mirrored Words 

The first aim of this study was to identify if the production effect can be modified by 

a spatial rotation of words, specifically: that the production effect would be increased when 

study words are mirror-reversed. Only one of the three analyses testing the main effect of 

Group was significant, and no interactions involving Word-Type and Group were significant. 

In other words, mirror-reversing words may provide benefits as per the concept of desirable 

difficulty, but this does not at appear to strengthen the production effect itself. However, it is 

very likely that this area of the research was greatly limited by the small sample size. 

Nonetheless, performance in the Mirrored group was better than that of the Standard across 

most areas, excluding false alarm rates, in which the Mirrored group had marginally higher 

false alarm rates than the Standard group. 

d’ analysis shows that the downside of slightly higher false alarm rates does not 

outweigh the benefits to recognition, as the Mirrored group was more accurate than the 

Standard group in their responses overall, and particularly so for spoken words. This does 

tentatively suggest that the Mirrored group did benefit more than the Standard group from the 

production effect in terms of response discrimination.  
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While not directly connected to the production effect, it seems that the experimental 

manipulation of mirror-reversed words reached a level of desirable difficulty as suggested by 

Bjork and Bjork (2011). This is evident by the improved recognition proportion and 

discrimination ability of the Mirrored group in comparison to the Standard group. 

Nonetheless, the finding here further adds to the mixed findings regarding cognitive demand 

and the production effect (Putnam et al., 2014; van den Bosch, 2019), and does not resolve 

any of the contradictions within the literature, instead adding to them. Perhaps the effects of 

cognitive demand depend on the type of cognitive demand that is paired with the production 

effect. For example, visual-based demands either alter or do not affect the production affect 

as in the current study, while semantic, meaning-based demands eliminate it completely. This 

may explain why there is such variation across different studies. To explore the broader, 

practical implications of the production effect, we also looked at how the production effect 

persists over time. 

The Production Effect Over Time 

The second aim of the current study was to identify if the production effect persisted 

over a longer retention period. From this came our second hypothesis: that the production 

effect would be present over a long retention period, but decrease in magnitude. The results 

appear to support this hypothesis, as there was a consistent, significant interaction between 

Word-Type and Day across all analyses. This finding is consistent with previous research, 

such as that of Ozubko, Hourihan and MacLeod (2012), which had found that the production 

effect persisted over a week-long interval between study and testing. This is an extremely 

important aspect of the production effect and its usefulness as a study tool; if the benefits to 

memory did not persist long term, then there would be little practical value in utilising the 

production effect to improve memory. The current study’s findings provide further evidence 

that the production effect does persist over the long term. This suggests that the production 
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effect is a viable tool to use when information is to be remembered across longer time 

periods. It is important to note however that the strength of the Word-Type by Day 

interaction was also consistently small across all analyses, and so its practical significance is 

rather minimal. Nonetheless, we also wanted to explore if this change in production effect 

over time is affected by cognitive demand. 

The Production Effect Over Time and Mirrored Words 

The third and final aim of the current study was to identify if any modifications to the 

production effect produced by spatial rotation differed over a long retention period. From this 

came our third hypothesis: it was hypothesised that any reduction in strength of the 

production effect would be smaller for the Mirrored group. As with the first hypothesis, this 

hypothesis was not supported in the results. None of the three analyses revealed a significant 

interaction between Word-Type, Group and Day. As such, the additional cognitive demand 

did not provide any protective influence over the retention period on the production effect. In 

fact, when observing the data directly, the opposite appears to be the case. This can be 

observed in the size of the production effect in the first test phase, as it is slightly larger for 

the Mirrored group (25.6%) than for the Standard group (23.8%), but the opposite is true in 

the second test phase, as the Mirrored group (17.5%) has a smaller production effect than the 

Standard group (19.2%). A similar occurrence can be seen in the d’ analysis, though the 

results of that analysis demonstrate that the Mirrored group are more accurate in their 

responses for both test phases compared to the Standard group. However, because of the 

small sample size, in conjunction with the results of the analyses, it is difficult to put forward 

any thorough, potential explanation for this finding related to the current study. 

Limitations 
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First and foremost, one of the biggest limitations of this study is the very small sample 

size. This is not an issue when considering the production effect itself, as not only is it a 

remarkably robust effect demonstrated across various studies, but is also clearly present 

within this study. However, the small sample size meant there was little power to determine 

whether or not additional cognitive demand in the form of spatial rotation really does 

influence the production effect. This limitation is largely due to a lack of participation from 

students seeking course credit, as this was expected to provide a larger source of participants 

than was actually acquired. Despite recruiting through the first-year cohort of Psychology 

students, there was little sign-up. Additional efforts were put into advertisement, but this 

yielded no additional student participants. The study was then adapted so that it could be 

conducted via Zoom, in the case that requirement for an in-person session was driving away 

potential participants. However, this only provided a very small number of student 

participants. Perhaps the requirement of a second session did not seem appealing, when other 

studies could be participated in fully in one session. 

Another limitation of this study is that ‘New’ words were presented twice. A potential 

effect of this can clearly be seen in the results; the false-alarm rates for new words 

dramatically increased in the second test phase. This would have affected all aspects of the 

results in which ‘New’ words were included within the ‘Word-Type’ variable. This is mostly 

relevant for the d’ analysis, as this incorporates hit and false alarm rates into a single statistic. 

This may partially explain why the d’ values were much lower in the second test phase. To 

address this, any future studies using recognition tests especially should ensure that new or 

equivalent words are not repeated across various test phases. 

Similarly, the selection of words may have played a limiting role. This is not relevant 

when considering the actual words themselves, but rather only how they appear and the ease 

in which they could be read. Other than the strategies outlined in the method, there were no 
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standardised procedures regarding what words were appropriate to be used given the potential 

for the words to be mirror-reversed. If such a procedure could be devised to identify a 

desirable level of difficulty of mirror-reversed words, then it would be best to implement that 

in future, similar studies. Otherwise, words that are similar or easily read when mirror-

reversed will have to be excluded on a case-by-case basis, as was done in this study. 

Additionally, an inability at the program level to go back after responding ‘Old’ or 

‘New’ may have minor effects on the results. While infrequent, some participants noted that 

they either accidentally or ‘knew’ they pressed the wrong key or indicated the wrong decision 

after they had already progressed to the next word. Including some alteration to go back to 

the previous word and change the relevant response may prove useful in mitigating this 

limitation. However, it could also open up the possibility of another limitation, in which 

participants change an unknowingly correct response to an incorrect response. Which ever is 

the lesser of two evils would be the most appropriate option, but this would require further 

research to identify which is which. 

Future Research 

Future research should ideally follow-up on the aims and findings of this study, while 

addressing the limitations that have been mentioned. It is still unclear as to what effect 

additional cognitive demand has on the production effect; previous studies have shown that it 

can eliminate it completely (Putnam et al., 2014), reduce the strength of it (van den Bosch, 

2019), or in this albeit inconclusive study, have minimal effect. Additionally, there are a few 

additional elements that are worth considering in this area of research, such as sleep, the 

circumstantial conditions under which testing occurs, and attention. 

Sleep plays an important role in both learning and memory (Walker & Stickgold, 

2004). As such, it may be worth implementing a measure of both the quantity and quality of 

sleep, as this may impact performance, particularly in designs similar to the current study that 
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incorporate more than one test phase. For example, poor or limited sleep on the night prior to 

testing may inhibit initial learning, such that the amount of study words retained in the first 

place is reduced. Poor or limited sleep in between the study and proceeding test phases may 

also have a similar outcome. Therefore, sleep is an important factor to consider in these types 

of designs.  

The circumstantial conditions refer to a variety of related elements, including the 

physical environment, the time, and presentation format in which study and testing occurs. 

The physical environment, or context in which study occurs can have an impact on any test 

performance depending on the context in which testing occurs (Godden & Baddeley, 1975). 

Ensuring that this is similar across all phases, if not the same would yield the most consistent 

and accurate measures of performance. For similar reasons, the time in which testing occurs 

should also ideally be similar for each participant. As for presentation format, what is being 

referred to here is that during study, some words are being silently read and others aloud. 

During testing however, all words are being silently read. This cannot realistically be 

addressed as it is the inherent nature of such a test, but it is something to consider. Perhaps 

future production effect research could compare potential differences from standard tests to 

those that require the presented word to be read aloud. Presumably, the differences would 

reveal a larger production effect, as if there any benefits to reading words in the same manner 

during study and testing, then these are currently skewed in the favour of silently read words. 

Conclusion 

The production effect is a widely applicable study tool that can be easily used by a 

variety of populations to provide targeted improvements to memory. While this study was 

largely unsuccessful in clarifying the nature of and extent to which cognitive demand affects 

the production effect, there are some insightful points that can be extended upon in further 

research. Firstly, it is clear that the production effect is still present alongside an additional 
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cognitive demand, which as mentioned, previous research has shown inconsistent findings in 

this regard. In this study, while considering the small sample size, the data still suggests that 

the production effect can work in tandem with additional cognitive demand to provide even 

larger improvements to memory for desired information, compared to when these memory 

enhancing tools are not used. Similarly, the benefits to memory that are produced by the 

production effect, and in this study, cognitive demand, last over long retention intervals. This 

speaks to the ecological validity or real-world applicability of these phenomena. Despite the 

lack of underlying understanding regarding the interaction between the production effect and 

cognitive demand – which is for future research to identify and explore – they may still hold 

practical use for those looking for time efficient and easily implemented study tools. 
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Appendix A 

Word Pool 

ABSORB 

ACORN 

ACTRESS 

AIRPORT 

ALPHA 

AMBER 

ANCIENT 

BABY 

BADGE 

BELL 

BICYCLE 

BINARY 

BLANKET 

BLENDER 

BLUBBER 

CABBAGE 

CALORIE 

CENTURY 

CHAMBER 

CHICKEN 

CIRCLE 

CREEK 

DABBLE 

DAGGER 

DANGER 

DEBRIS 

DECIDE 

DESCENT 
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DIESEL 

DOLLAR 

EAGER 

ECHIDNA 

EDIBLE 

ELDERLY 

EMBRACE 

ENCASE 

EXPERT 

FACE 

FALLEN 

FARMER 

FIGURE 

FRIEND 

FUNERAL 

FUNNY 

GALLERY 

GENERAL 

GIGGLE 

GREEN 

GUESS 

HANDLE 

HIDDEN 

HOLDING 

ICEBERG 

IGNORE 

IMPRESS 

IMPULSE 

INJURY 

ISLAND 
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JOLLY 

JUGGLE 

JUMPER 

JUNGLE 

JUSTICE 

KEEN 

KEPT 

KIND 

KITCHEN 

KNUCKLE 

LABEL 

LADDER 

LAKE 

LAND 

LARGE 

LEGACY 

LEISURE 

LOGICAL 

LUGGAGE 

MACHINE 

MAGIC 

MANAGER 

MEASURE 

MEDICAL 

MERGE 

MESSAGE 

MILK 

MODERN 

MUSIC 

MYSTERY 
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NANNY 

NATURAL 

NEGLECT 

NERVE 

NICE 

NOBLE 

NOBODY 

NURSE 

OBJECT 

OFFEND 

OFFICE 

ORDER 

OVERDUE 

PACE 

PACKET 

PARENT 

PEACE 

PENCIL 

PERSON 

PETROL 

PHYSICS 

PIECE 

POPULAR 

PREDICT 

QUARTER 

QUEEN 

RACE 

RANGE 

RAPID 

REACT 
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READING 

RECOVER 

REFLECT 

RELEASE 

REPLACE 

REVISE 

ROSTER 

SACK 

SCENE 

SCORE 

SEARCH 

SEASON 

SECURE 

SHEEP 

SICK 

SPEAK 

TABLE 

TEACHER 

TELLING 

THEATRE 

TURNING 

UGLY 

UNHAPPY 

UNLUCKY 

URGENT 

VAGUE 

VERIFY 

VILLAGE 

WALL 

WANDER 
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WEDGE 

WIGGLE 

WRITER 

YEAR 

YELL 

ZERO 

ZEBRA 

ZIGZAG 
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Appendix B 

Ethics Approval 

30/06/2021  

 

Dear Dr Garry   

Project ID: 24602 

Project Title: Does Spatial Rotation Improve Memory of Words? 

We are pleased to advise that the above named project submission and associated 

documentation has been approved by the Human Research Ethics Committee. 

The decision and authority to commence the associated research may be dependent on 

factors beyond the remit of the ethics review process. For example, your research may 

need ethics clearance from other organisations or review by your research governance 

coordinator or Head of Department. It is your responsibility to find out if the approvals of 

other bodies or authorities are required. It is recommended that the proposed research 

should not commence until you have satisfied these requirements. 

All committees operating under the Human Research Ethics Committee (Tasmania) 

Network are registered and required to comply with the National Statement on Ethical 

Conduct in Human Research 2007 (updated 2018). 

Therefore, the Chief Investigator’s responsibility is to ensure that: 

(1)     All investigators are aware of the terms of approval and that the research is 

conducted in compliance with the HREC approved protocol or project description. 

(2)     Modifications to the project do not proceed until approval is obtained from 

the HREC. This includes, but is not limited to, amendments that: 

(i)            are proposed or undertaken in order to eliminate immediate risks to 

participants; 
(ii)           may increase the risks to participants; 
(iii)          significantly affect the conduct of the research; or 
(iv)          involve changes to investigator involvement with the project 

(3)   Safety reporting for Clinical Trials must follow the 2016 NHMRC Guidance: 

Safety Monitoring and Reporting in Clinical Trials Involving Therapeutic Goods.  

(4)    The HREC is informed as soon as possible of any new safety information, from other 

published or unpublished research, that may have an impact on the continued ethical 

acceptability of the research or that may indicate the need for modification of the 

project. 

(5)    All research participants must be provided with the current Participant Information 

Sheet and Consent Form (if applicable), unless otherwise approved by the Committee. 

https://protect-au.mimecast.com/s/oV3ECJypLjFqqBjv7HV2F_K?domain=nhmrc.gov.au
https://protect-au.mimecast.com/s/oV3ECJypLjFqqBjv7HV2F_K?domain=nhmrc.gov.au
https://protect-au.mimecast.com/s/ZvjICK1qMkf22DRNjcvjPXF?domain=nhmrc.gov.au
https://protect-au.mimecast.com/s/ZvjICK1qMkf22DRNjcvjPXF?domain=nhmrc.gov.au
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(6)    This study has approval for four years contingent upon annual review. 

A Progress Report is to be provided each year on the anniversary date of your 

approval and you will be sent a courtesy reminder closer to this due date. 

Ethical approval for this project will lapse if a Progress Report is not submitted 

in the time frame provided.  
Generally ethics approval is granted for a maximum of 6 years, which includes 

the initial approval and up to two 1 year extension requests. However, 

applications will be reviewed on a case by case basis as to whether additional 

extensions will be granted. It is up to the discretion of the Human Research 

Ethics Committee whether additional 1 year extensions will be granted or if a 

new application is to be submitted. 

 
(7)    A Final Report and a copy of the published material, either in full or 

abstract, must be provided for HREC review and approval at the end of the 

project. 
(8)    The HREC is advised of any complaints received or ethical issues that arise 

during the course of the project. 

(9)    The HREC is advised promptly of the emergence of circumstances where a court, law 

enforcement agency or regulator seeks to compel the release of findings or results. 

Researchers must develop a strategy for addressing this and seek advice from the HREC. 

In accordance with the National Statement on Ethical Conduct in Human Research, it is 

the responsibility of institutions/organisations and researchers to be aware of both 

general and specific legal requirements, wherever relevant. If researchers are uncertain 

they should seek legal advice to confirm that their proposed research is in compliant with 

the relevant laws. University of Tasmania researchers may seek legal advice from Legal 

Services at the University. 

Additional Information: 

Please note that all clinical trials are to be registered on a clinical trial registry. In Australia, registration 
must occur prospectively, that is before enrollment of the first participant. For more information please 
refer to NHMRC: Clinical Trial registries 

 

Kind regards 

Ethics Executive Officer 

Human Research Ethics Committee  

 

  

https://protect-au.mimecast.com/s/NRJfCL7rNltRRkzrJSPWsXk?domain=australianclinicaltrials.gov.au
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Appendix C 

Ethics Amendment Approval 

09/09/2021  

 

 

Dear     Dr Garry  

Ethics Project ID: 24602  

Project Title: Does Spatial Rotation Improve Memory of Words? 

 

This email is to confirm that the amendment submission in support of the above named 

project has been reviewed and approved by the Human Research Ethics Committee. 

  

Please be reminded that all ethical approvals granted are subject to conditions as 

required by the National Statement on Ethical Conduct in Human Research (2007, 

updated 2018). 

Kind regards 

Ethics Executive Officer 

Human Research Ethics Committee 
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Appendix D 

Participant Information Sheets and Consent Forms 

Does Spatial Rotation Improve Memory of Words? 
PARTICIPANT INFORMATION SHEET 

 
Research team Mike Garry, School of Psychological Sciences, University 

of Tasmania 

Ethan Leaman, Honours student, School of Psychological 

Sciences, University of Tasmania 

6226 2204 

Michael.garry@utas.edu.au 

 

1. Invitation 

You are invited to participate in a study investigating the effect of spatial rotation and 

its effect on memory. This study is part of psychology Honours research project of 

Ethan Leaman. The study is supervised by Dr Michael Garry from the School of 

Psychological Sciences at the University of Tasmania. 

2. What is the purpose of this study? 

The purpose of this study is to investigate whether the way people study words 

affects how well the studied words are remembered. The results from this study may 

help with designing activities and instructions to make learning and remembering 

more effective. We can’t provide too many details at the start of the study as this 

could affect the results. Once you have completed your study session we will fully 

explain the aims and hypotheses. 

3. How is the study being funded? 

The study is funded by the School of Psychological Sciences 
Why have I been invited to participate? 

You have been invited to participate because you are between the age of 18 and 55, 

speak English as a first language, have normal or corrected to normal vision, and 

don’t have a reading, neuromuscular or neurological disorder. 

4. What will I be asked to do? 

The study will involve two sessions, the first up to 45 minutes in duration, and the 

second up to 15 minutes in duration. The first session will be either in person in The 

Psychology Research Centre at the Sandy Bay campus, or online via Zoom. The 

second session will be completed online the following day. 

At the beginning of the first session you will be asked to provide some information 

about yourself, such as your age and gender. The experimenter will then assign you 
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to a group which will determine what you will be asked to do in the remainder of the 

session.  

During the first session you will be either be seated at a desk in front of a computer 

screen, or have the study screen shown to you via Zoom’s screen sharing function. 

The screen will present individual words, one after the other, several seconds apart. 

Some of the words will be written in white letters and other words will be written in 

blue letters. 

Regardless of which group you are in you will be asked to silently read all words 

written in WHITE letters and speak aloud all words written in BLUE letters. If you are 

in the MIRRORED group, all of the words you see will be mirror-reversed. This will 

require you to mentally rotate the word so that it is legible. 

If the study session is taking place over Zoom, you will need to use your microphone 

so that the researcher can confirm the procedures are correct i.e., that you are 

reading the BLUE words aloud. 

5. Are there any possible benefits from participation in this study? 

We do not expect any direct benefits for participants in this study. However, your 

participation will contribute to the scientific literature about memory and study 

techniques. This body of knowledge has been used to improve how students learn 

new information. This study will add to that body of knowledge. 

Your participation in this study will provide valuable research training for Ethan 

Leaman, who is participating in this research as part of his Honours degree. 

If you are student currently studying PSY125 Psychological Processes you will be 

eligible to receive up to one hour course credit. If you are not a first-year psychology 

student, or aren’t seeking course credit your name will be entered into a draw to win 

one of six $50 gift vouchers.  

6. Are there any possible risks from participation in this study? 

There are no risks associated with participating in this study. 
What if I change my mind during or after the study? 

Participation in this study is entirely voluntary. You are welcome to withdraw from the 

study without consequence at any time if you wish. You are encouraged to do so if 

you are experiencing distress. If your data has already been collected you can 

request to have it removed and destroyed up to 14 days after the date of your 

participation. It will not be possible to remove your data after this time as it will be de-

identified for data analysis. However, once the data has been analysed and the 

thesis has been written your data will not be able to be removed. 

7. What will happen to the data when this study is over? 
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All data will be replaced by an alphanumeric code, which will be recorded on your 
consent form. This will allow your data to be re-identified if necessary. Your identity 
will remain confidential for the purposes of the research and your information will not 
be provided to any sources without your knowledge. Any paper information will be 
stored of securely, in a locked room at the University of Tasmania. Your electronic 
data will be stored securely on a password-protected file on the secure University of 
Tasmania server at the University of Tasmania. Data will be kept for a minimum of 5 
years after the date of publication. 
How will the results of the study be published? 

The final results will be reported as an Honours thesis, which will be available to 

access through the UTAS Psychology Test Library. A brief summary of the thesis 

results will be available from 1st December 2021. Please contact the Chief 

Investigator, Dr Mike Garry (michael.garry@utas.edu.au) if you would like to receive 

a copy of the summary. 

8. What if I have questions about this study? 

If you have any questions or concerns about the research, you are advised and 

encouraged to consult the investigators: 

• Mike Garry (chief investigator, michael.garry@utas.edu.au) 

• Ethan Leaman (ebleaman@utas.edu.au) 

This study has been approved by the Tasmania Health and Medical/Social Sciences 

Human Research Ethics Committee.  If you have concerns or complaints about the 

conduct of this study, you can contact the Executive Officer of the HREC (Tasmania) 

Network on (03) 6226 2975 (SSHREC) or email ss.ethics@utas.edu.au.  The 

Executive Officer is the person nominated to receive complaints from research 

participants.  You will need to quote H0024602. 

9. How can I agree to be involved? 

You can agree to be involved in this study by either signing the Participant Consent 

Form or by providing consent during the start of the study program via pressing the 

‘Spacebar’ key. 

Thank you for your time

about:blank
about:blank
about:blank
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Does Spatial Rotation Improve Memory of Words? 
PARTICIPANT CONSENT FORM 

 
Research team Mike Garry, School of Psychological Sciences, University 

of Tasmania 

Ethan Leaman, Honours student, School of Psychological 

Sciences, University of Tasmania 

6226 2204 

Michael.garry@utas.edu.au 

 

 

By signing below, I confirm that I have read and understood the information sheet 

and in particular: 

• I understand that the study involves two sessions. The first session is face-to-

face and involves reading words presented on a computer monitor. This 

session will take 45 minutes to complete. The second session will be 

completed online and will take approximately 15 minutes to complete. 

• I understand that participation involves no risk(s). 

 
• Any questions that I have asked have been answered to my satisfaction 

 

• I understand that all study data will be securely stored on the University of 

Tasmania premises for duration of five years from the publication of the study 

results and will then be destroyed 

 

• I understand that the results of the study will be published so that I cannot be 
identified as a participant 
 

• I understand that my participation in this research is voluntary 
 

• I understand that I am free to withdraw at any time, without explanation or 

penalty 

 
• If I wish, I may request that any data I have supplied be withdrawn from the 

research until up to 14 days after the date of your participation. It will not be 
possible to remove your data after this time as it will be de-identified for data 
analysis.  
 

• I agree to participate in the study 

 
 

Name  
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Signature 
 
 

Date 
 
 

 

 

Statement by Researcher  
 

I have explained the project and the implications of participation in it to this 
volunteer and I believe that the consent is informed and that he/she 
understands the implications of participation. 

If the researcher has not had an opportunity to talk to participants prior to them 
participating, the following must be ticked. 
 

The participant has received the Information Sheet where my details have 
been provided so participants have had the opportunity to contact me prior 
to consenting to participate in this project. 

 

Name 
 
 

Signature 
 
 

Date 
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Does Spatial Rotation Improve Memory of Words? 
PARTICIPANT CONSENT FORM 

 
Research team Mike Garry, School of Psychological Sciences, University 

of Tasmania 

Ethan Leaman, Honours student, School of Psychological 

Sciences, University of Tasmania 

6226 2204 

Michael.garry@utas.edu.au 

 

 

By agreeing to the below, I confirm that I have read and understood the information 

sheet and in particular: 

• I understand that the study involves two sessions. The first session is face-to-

face and involves reading words presented on a computer monitor. This 

session will take 45 minutes to complete. The second session will be 

completed online and will take approximately 15 minutes to complete. 

• I understand that participation involves no risk(s). 

 
• Any questions that I have asked have been answered to my satisfaction 

 

• I understand that all study data will be securely stored on the University of 

Tasmania premises for duration of five years from the publication of the study 

results and will then be destroyed 

 

• I understand that the results of the study will be published so that I cannot be 
identified as a participant 
 

• I understand that my participation in this research is voluntary 
 

• I understand that I am free to withdraw at any time, without explanation or 

penalty 

 
• If I wish, I may request that any data I have supplied be withdrawn from the 

research until up to 14 days after the date of your participation. It will not be 
possible to remove your data after this time as it will be de-identified for data 
analysis.  
 

If you agree with these conditions say to the researcher, ‘I am ready to continue’. 

If you do not agree with these conditions and do not want to continue say to the 
research, ‘I do not want to continue’.
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By continuing with this study, I confirm that I have read and understood the following: 

1. I am participating in the second session of Ethan Leaman’s Honours research 

project (ethics approval H0024602), and this take will up to 15 minutes to 

complete. 

2. I understand that participation involves no risk(s). 

 
3. Any questions that I have asked have been answered to my satisfaction. 

 

4. I understand that all study data will be securely stored on the University of 

Tasmania premises for five years from the publication of the study results and 

will then be destroyed. 

 
5. I understand that the results of the study will be published so that I cannot be 

identified as a participant. 
 

6. I understand that my participation in this research is voluntary. 

7. I understand that I am free to withdraw at any time, without explanation or 

penalty. 

8. If I wish, I may request that any data I have supplied be withdrawn from the 
research until up to 14 days after the date of your participation. It will not be 
possible to remove your data after this time as it will be de-identified for data 
analysis.  
 

If you agree with these conditions press the ‘Space bar’ to continue. 

If you do not wish to continue with the study, press ‘Esc’ to exit. 

 


