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Critically review ONE journal article selected in the field of the Neuroscience of Memory

Slide 1: Title slide
The aim of this presentation is to critically review one journal article selected in the field of neuroscience of memory. The journal article that has been selected to be critically reviewed during this presentation includes Tervo-Clemmens et al. (2018) paper regarding the study of adolescent cannabis use and brain systems supporting adult working memory. My name is Libby Grota, and my student number is 2304205. 

Slide 2: Working memory & neuroscience:
Neuroscience refers to analysis of the nervous system with study of biological consciousness, memory, perception and learning (Oktar, 2006). Cognitive neuroscience leverages brain imaging techniques to examine brain activity and association with the human mind (Cieri & Esposito, 2019). According to the Multicomponent Model of Working memory, working memory is a fundamental aspect of human cognition, while its function is to temporary and simultaneously store and manipulate information in the mind to support cognitive processes e.g., decision-making, reasoning etc. (Baddeley et al., 2021; Baddeley, 1992; Hart et al., 2024; Spencer, 2020). Empirical studies have supported neural circuit activation during working memory functioning (Darki & Klingberg, 2015; Finn et al., 2010; Li et al., 2023; Xu et al., 2024), thus the literature highlights working memory as a core construct in the field of neuroscience due to associations between the construct and brain activity during cognitive operations.

Slide 3: Background
The period of adolescence is signified as critical among literature in regard to brain structure and development (Dumontheil, 2016; Gunatilake et al., 2025) particularly regions associated with higher order cognitive functions such as working memory (Fuhrmann et al., 2015; Luna et al 2004). The ongoing use of cannabis by adolescents emphasised by current statistics (Centres for Disease Control and Prevention, 2024), is a large concern across psychology and society. Consequently, due to literature claims adolescent vulnerability to substance abuse may interfere with neural development and thereby, later cognitive functioning as hypothesised by Tervo-Clemmens et al. (2018). Findings have emphasised that cannabis has been connected to working memory deficits among users Harvey et al., 2007; Lana et al., 2005; Robbins et al., (1994, as cited in Tervo-Clemmens et al., 2018). Cannabis use has additionally been associated to hinder neural development and functioning, particularly areas of dorsolateral prefrontal cortex Chang et al., 2006, Tapart et al., (2007, as cited in Tervo-Clemmens et al., 2018) and posterior parietal cortex Becker et al., 2010; Schweinsburg et al., 2008; Tapart et al., (2007, as cited in Tervo-Clemmens et al., 2018), and thereby, regarded as highly sensitive neural developmental areas. 
Slide 4: Rationale
However, as illustrated by the journal article a range of studies regarding cannabis engagement on cognitive and brain activity contain interference among confounding variables including age of onset of cannabis use (Ehrenreich et al., 1999) which have produced less significant effects due to the methodologies employed and therefore, some inconsistencies. 
Nevertheless, due to such inconsistencies the journal article highlighted lack clarity with regard to such adolescent cannabis effects on neural activity and specifically later cognitive functioning of working memory among literature as well as the effect of age of onset of cannabis engagement on brain systems.
 In addition, the authors proposed a research gap with regard to general working memory activation operations among previous studies in which BOLD signals have not clearly separated stages of the FMRI task. The article criticised that due to such procedures directs inability to clearly distinguish between each working memory subprocess of encoding, maintenance and retrieval during the study and that such activation differences are uncertain to be relevant to behaviour. Tervo-Clemments et al. (2018) addressed such gaps and clearly illustrated that the study aimed to identify the association between adolescent cannabis use and brain systems supporting working memory functioning during adulthood. The age of onset of cannabis engagement and frequency of the behaviour in comparison to non-users were aimed to be examined and assess if differences within adult brain functions that support working memory would occur through utilisation of an FMRI task with partial trials. The procedure therefore reflected the study aim to better identify phase-specific neural activity and the components of adult working memory associated which limited studies in the field had done so.

Slide 5:
The benefit of Tervo-Clemmens & colleagues (2018) research is that unlike a range of studies, it was aimed to elucidate if cannabis impacts working memory and cognition during development or if cognitive differences would predispose individuals to engage with cannabis. The research could be argued to be beneficial and include implications for education, public health and governments through prevention and early intervention in regard to potential cannabis effects. However, the article did not acknowledge the potential implications and benefits of the research. From a critical viewpoint, due to the lack of implication acknowledgement the article accommodates an inefficient rationale which reduces the impact and relevance of the research practically on society (Birhane et al., 2022).

Slide 6: Hypothesis
In conjunction with the literature the study hypotheses were clearly stated and included in the introduction and abstract. The age of onset in relation to first cannabis engagement were hypothesised to be associated with working memory reaction time, particularly earlier engagement would be linked with altered neural activity during working memory. In addition, it was hypothesised that overall cannabis use would be associated with a decrease in working memory performance, therefore, the greater an individual used cannabis, the worse their working memory performance score would be. Moreover, cannabis effects were hypothesised to be identified in dorsolateral prefrontal cortex and posterior parietal cortex that are sensitive areas and related to working memory performance. 

Slide 7: Method
The sample consisted of seventy-five adults, sixty of the participants being cannabis users, while fifteen were non-cannabis users. The study contained a high-risk cohort sample of individuals with pre-natal drug exposure from low-income families, based in Pittsburgh, USA. Participants were distributed across three groups: cannabis non-users (15 individuals), cannabis experimenters in which it is acknowledged they have engaged with cannabis, but no further cannabis use reported (14 individuals) and repeated cannabis users (46 individuals), reports of experiment with cannabis and additional cannabis use.
The research was a prospective cohort study in which cannabis use was examined at 14-16 years, 22 years and again at 28 years through utilisation of the MHCPD substance use assessment procedure. The frequency of the standard amount of cannabis use over the past year among participants was assessed at each assessment period through self-report. The primary dosage estimate consisted of combined frequency and quantity measures to establish a daily average use of cannabis (joints per day) for each assessment phase. Multi-drug urine tests were employed also to measure if no recreational drug use had been utilised within the week. All participants in the final analysis contained a negative multi-drug urine result which meant that all participants at the time of testing were abstinent. Participants were also provided with additional measures to assess possible confounders including socioeconomic status, IQ (WISC-III Full Scale), additional substance use and prenatal drug exposure. 

Slide 8: Method
The task paradigm involved Sternberg type spatial memory working task. Participants engaged in 96 full trials in which they visualised three yellow circles sequentially in either one of eight potential areas as spatial cues over four FMRI runs. The task included 3 epochs in which participants were presented with the cue (encoding aspect) each for 1.5 seconds on a 2 x4 grid of one of the three potential locations. Following the cue sequence, there was a delay period (maintenance) which ranged from 1.5 to 6 seconds and then a target (retrieval) epoch in which participants were required to respond if any of the probe locations demonstrated matched the previous stimuli. Additionally, 48 fast event related partial trails with either primarily the cue epoch or the cue and delay epochs but not the targets were incorporated which allowed the authors to divide the BOLD signal associated with the three phases. 
The FMRI design whole-brain which allowed authors to study activity covering working memory networks. The functional data was collected through use of an EPI sequence. Reaction times during the task was recorded in milliseconds from the probe display to response by a button press on the MRI safe button box. Trials were considered as correct if the button response indicated correctly if the probes occupied a previous cued location.
Application of a general linear model was utilised to analyse the data from the FMRI. Cannabis use predictors including age of onset and total cannabis use were regressed against brain activation within phase-specific contrasts. 

Slide 9: Results. 
The main findings of the journal article include that earlier age of cannabis onset was associated with slower working memory reaction times during adulthood. The behaviour effect was mediated by reduced posterior parietal cortex activation during encoding which explains for the behavioural deficits. The finding aligns with the study’s hypothesis. Total cannabis use (independent of age of onset) whereby enhanced levels of cannabis use were related to greater dorsolateral prefrontal cortex activity during maintenance and retrieval of information, suggesting a dose-dependent relationship. With relevance to behaviour, greater activity of this brain area during maintenance of information displayed patterns with poorer working memory accuracy, however, after adjusting for prenatal exposure, the outcome became non-significant in the analysis. Despite the associations, cannabis users working memory performance did not differentiate or perform worse than non-users. In fact, on some occasions cannabis users performed better than non-users with improved accuracy and reaction times. Nevertheless, the findings emphasise no large scale FMRI differences. Therefore, from the findings there is reduced empirical evidence supporting that cognitive deficits are influenced by cannabis use and engagement during adolescence as non-users actually performed worse. 

Slide 10: Scientific rigour and robustness
The brain behaviour associations continued as significant after controlling pre-natal drug exposure and demographic variables. This is a strength of the journals methodology aspect because the associations cannot simply be explained by such additional factors and therefore, more robust (VanderWeele, 2019) and contain greater credibility (Arah, 2017). It could also be argued that controlling the variables strengthens the study’s methodological rigour which demonstrates a more cautious scientific processes, particularly in comparison to additional neuroscientific studies within the field identified by literature reviews and meta-analyses (Ewing et al., 2014; Jasinska et al., 2013) 
Slide 11: Contributions and implications
The empirical findings of the study aid the understanding and provide insight regarding associations between adolescent cannabis engagement and working memory systems during adulthood which limited studies have done. The study contributes confirmation with existing literature that adolescence is a sensitive time stage during neurodevelopment. Such findings could be argued to provide practical contributions and implications for prevention and public health areas. It could be argued that the findings evident among the high-risk cohort sample emphasise the role of social determinants and the need to provide prevention interventions to public health and governments to improve social areas that are at a greater risk of substance use engagement due to adversity (Gu et al., 2024). It could be suggested that with practicality of findings with preventions could decrease the risk of early cannabis engagement and later neural effects. 

Slide 12:
However, causality among the findings is unclear as the age of onset neural effects found are evident also in cannabis experimenters that suggests that neural effects are also directed by additional pre-existing risk factors. Thereby, such cause-and-effect relationships are unclear and undermine the notion that such effects are directed only by cannabis which the study did acknowledge during the discussion and contend that future studies need to better test the hypothesis with prospective longitudinal assessments (Tervo-Clemmens et al., 2018). The reason being that the article illustrates causal interpretations regarding, due to reduced neural and working memory longitudinal evidence to support such relationships. 
 In addition, the odd finding in which cannabis users improved working memory performance in comparison to non-users' direct inability to strongly propose that adolescent cannabis exposure causes cognitive deficits during adulthood, suggesting that these individuals may contain greater cognitive abilities than non-users of the sample. It could be suggested that a lack of control over pre-existing cognitive abilities among participants at the beginning of the study informs biased interpretations. Likewise, factors of personality and behaviour were not controlled for during the study, suggesting that such factors may also be responsible for the neural and cognitive effects among experimenters and repeated users, rather than independently cannabis. Therefore, such limitations with the methodology and findings of the journal article risk overstating the findings in which neural and cognitive patterns are due to cannabis effects, whereas the behavioural evidence does not strongly support. 


Slide 13: Overall strengths
Tervo-Clemmens et al. (2018) research journal article does contain strengths. The research adopted longitudinal assessments of cannabis use over several developmental time periods such as prenatal, adolescence and adult time points. This could be argued as a strength of the articles methodology as the approach could be argued as more reliable than self-report collected data regarding drug use (Jidin & Monroe, 2017). For example, empirical studies have showcased when compared to urine tests, drug users evidently underestimate their overall drug use and provide socially desirable answers instead of being fully truthful (Khalili et al., 2021) thereby, emphasising that self-report methods do not always accurately reflect true behaviours and overall drug use. 
It could also be argued that the design of the study utilised is a strong design in clinical research with reduced risk of recall bias as the behaviour is assessed during critical adolescent period rather than questioning years later in which memory accuracy regarding the behaviour maybe an issue (White et al., 1998). This has been highlighted during systematic reviews of self-report research of cannabis use among females in which it was revealed that self-report data was limited to recall and social desirability bias (Skelton et al., 2022). Therefore, the application of longitudinal assessments studying cannabis in the field of neuroscience and clinical research is beneficial as it is more likely to establish true cannabis behaviours due to the study of behaviour being over time, leading to more accurate conclusion effects on developmental and older adult-onset effects on working memory and brain areas  (Caruna et al., 2015). 
In relation to other neuroscientific studies that have examined drug related behaviours, the study could be argued to have a strong sample size, consistent to other studies (Cousijn et al., 2014; Schweinsberg et al., 2005) as well as larger in comparison to others (Meza et al., 2024; Moeller et al., 2010). The large sample size argued as a strength of the journal article which increases studies internal and external validity (Faber & Fonesca, 2014). 
The researchers utilised an epoch specific working memory FMRI task, with partial trials employed which practically allowed the study to part encoding, retrieval and maintenance aspect of working memory. Application of epoch specific during the analysis can be argued to enable specific recognition of cognitive processes of memory stages most impacted by a behaviour, (Manoach et al., 2013) e.g., cannabis. Due to the research gap identified within the rationale regarding cannabis effects on specific working memory characteristics and brain activation, this aspect of the methodology can be praised across neuroscience through enabling precise discovery of PPC association with encoding and processing reaction time, addressing the research gap and contributing to the topic area which has been overlooked by previous studies. Therefore, the procedure was representative of the studies aims in the introduction. 
Moreover, FMRI analysis was employed and argued as a major strength among neuroscientific literature due to its non-invasive nature and high spatial resolution during measures of brain activity directing communicable outcomes (Glover, 2012; Logothetis, 2008). Therefore, it can be argued that it is a strength that the researchers utilised this design which is safe and enabled improved identification and understanding of the precise neural activations critical to the distinct aspects of working memory.  The application supports the journal articles rationale in which it enables observation of the potential adolescent cannabis effects on neural circuits which allows for connections and insights with behavioural results in relation to performance on tasks of working memory in which the study aimed for to examine how cannabis could impact the developmental systems of working memory. 
Additionally, the analysis decided by Tervo-Clemmens et al. (2018) could be argued as appropriate for the results section. Literature has claimed that the analysis is robust and practical during FMRI task analysis with a range of task conditions, comparisons among groups and incorporation of covariates (e.g., demographics) to control for (Kay et al., 2013; Polrack et al., 2011). The analysis is common among additional neuroscientific FMRI studies in relation to working memory performance and similar substance use predictors have employed general linear models to analyse data in which working memory task conditions among cannabis users and controls have been compared with regressors regarding with substance use history (Kroon et al., 2022). 

Slide 14: Limitations 
However, after reviewing the journal article, there are a range of limitations with the study and research. 
Firstly, the sample could be critiqued with imbalances evident. For example, the sample consisted of seventy-five participants, with sixty being repeated or experimenter cannabis users, with fifteen being non-users. This could be critiqued as a weakness in terms of the journal articles study because the cannabis non-users are largely underrepresented which reduces statistical power and ability to detect true and reliable differences between groups, particularly in FMRI studies as supported and shown by additional psychological articles (Cremers et al., 2017; Grady et al., 2021). 
Moreover, although longitudinal assessments were employed to collect some data during the study, the journal article research is still correlational as cross-sectional brain imaging approaches were utilised. This means that the FMRI scans were only conducted at one time point during adulthood. This application of the research could be argued as a limitation as the observational approach directs inability to establish if the neural differences were caused by cannabis engagement or pre-existed prior to the substance behavioural engagement. Therefore, overall, the research is still correlational with limited ability to draw strong causal conclusions regarding cannabis, neural activity and working memory development as lack of observations occurred over different time points to compare in which the study did acknowledge and considered future research to do so (Tervo-Clemmens et al., 2018). Additionally, among literature the design has been criticised as greater risk of confounding variable due to reduced randomisation, which enhances difficulty of drawing strong conclusions beneficial for clinical purposes (Euser et al., 2009; Golightly & Jordan, 2013). 
In addition, an additional weakness that the journal article did consider included that the non-user cannabis group was dominated by females (Tervo-Clemmens et al., 2018) Thirteen out of fifteen participants within the non-user group were females, highlighting a large imbalance between male and females in the sample group. This could be argued as a limitation and potential confounding variable which could act as a risk factor in directing outcomes and the results. For example, additional FMRI research have identified when examining working-memory related brain activation connections that gender differences are evident, in which greater activation in limbic structures and prefrontal regions is showcased among females, while greater parietal region activity is evident in males (Hill et al., 2014). The neuroscientific findings emphasise gender-specific networks, which indicates that sample imbalances between genders in neuroscientific research could be an issue due to activation differences and therefore, the findings of a study that are skewed towards one gender may not fully generalise and be relevant to the additional sex.  
The imbalance is a source of bias and undermines the internal validity of the outcomes (Ruiz-Cantero et al., 2007). Additional neuroscientific studies investigating drug effects on working memory have elsewhere utilised more balanced sample groups (Cousijn et al., 2021; Kroon et al., 2022), highlighting that recruitment of both male and females in FMRI drug-related studies are achievable.  It could also be argued that the findings of the group from the article are not truly representative of males and therefore, have limited applicability to male populations. Consequently, due to the bias and reduced generalisability, it could be contended that the journal article contains limited real-world application such as with policy implementation or practice in which representative and influential research is likely to be required. 
A large limitation in which the journal article did recognise includes that a high-risk cohort sample was employed (Tervo-Clemmens et al., 2018). Utilising this group of individuals could be criticised to be less representative of the wider population as the subjects were from lower socio-economic backgrounds as well as some pre-natal drug exposure experiences. This could be argued as a limitation of the study because the findings may be less applicable to typical adolescents from higher income backgrounds. For example, empirical research has showcased that high socioeconomic status correlates with neural similarity among parents and adolescents as well as reduced substance use (Clinchard et al., 2024). Therefore, literature represent differences among status background in which greater economic status through environment and family neural similarity protect against substance use. This implies that the journal article of Tervo-Clemmens et al. (2018) could include reduced application to wider groups in real-world contexts as the study only focused on lower backgrounds. 
The task specificity of the FMRI design could also be a limiting factor of the research and an aspect in which the journal article failed to acknowledge. The task employed is specific to spatial working memory, however, does not examine additional aspects of memory in which cannabis effects could differentiate, such as episodic memory or verbal memory for example. Therefore, the findings lack generalisability to all aspects of memory. Nevertheless, by stating this, the design was specific to the study’s rationale and aims but could be argued to limit the scope of the study’s conclusions.
Although FMRI scans contain strengths among literature, it is important to address the limitations associated during neuroscientific research. The imaging technique contains limited temporal resolution information which is criticised as a limitation during working memory tasks in research that contain time-sensitive trials similar to Tervo-Clemmens et al. (2018) article as the reduced information produces limited ability to allocate activations specific to working memory processes during extreme quick task phases that are temporally close (Glover, 2012). It is suggested that if task trials are close temporally, then FMRI can blur the signals. More recent neuroscientific research have combined FMRI which includes high spatial resolution with EEG during analysis of working memory due to greater temporal resolution which enhances improved ability to identify the areas and the exact periods that working memory neural activity takes place (Gomes et al., 2023; Sharon et al., 2007). 

Slide 16: Conclusion
It is evident that the article contains a range of strengths and benefits including large sample in comparison to other studies, appropriate data analysis, procedures that are representative of study aims through partial trials, clarity of journal aspects such as hypothesis and acknowledgement of limitations and future directions needed.
However, there are a range of criticisms evident such as sample imbalances, use of prospective high risk cohort design, inadequate rationale, reduced control over pre-existing factors which could act as confounding variables during results and limited temporal resolution of FMRI imaging scans. 
Future research is directed to recruit more balanced sample groups, utilise longitudinal analysis of working memory and neural activation and combine additional neuroscientific imaging techniques to enhance collection of temporal resolution information.
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