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Introduction: The ability to understand text is influenced by various factors, including the learner’s cognitive abilities and previous experiences. This study examined the correlation between two pre-existing learner characteristics, three comprehension strategies used while reading, and two cognitive outcomes related to text comprehension.

Methods: The study involved 109 undergraduate Biology students, who were instructed to perform think-aloud exercises while reading biology texts and complete post-reading tests. The participants typed out their thoughts about the text when prompted. Their verbal protocols were coded and analyzed.

Results: Statistically significant correlations were only observed between prior knowledge, presage skill, recall, and comprehension. The direct relationships between prior knowledge and cognitive strategies were not significant, and the relationship between participants’ presage skills and the comprehension strategies they employed while reading was not significant.

Discussion: The study revealed that prior knowledge had a more significant impact on cognitive learning outcomes than the students’ prior cognitive skills and the comprehension strategies they employed while reading. Additionally, the participant’s performance on the learning outcomes was influenced by at least one of the comprehension strategies and their prior knowledge.
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1 Introduction

Whether students comprehend scientific text often depends on the complexity of the text, the difficulty of a science topic, and how learners engage with the text (Sinatra and Broughton, 2011; Kurby et al., 2012). For example, some students may find reading science texts challenging to comprehend because scientific texts can be replete with unfamiliar technical terms. Furthermore, authors of science texts often expect their readers to have prerequisite knowledge that their students may not already have (O’Reilly and McNamara, 2007; O’Reilly et al., 2019). To forge understanding, students with low or no prior knowledge about the topic of science text would often need to generate inferences to overcome their knowledge gaps and ensure they comprehend the text they read (Diakidoy et al., 2011; Kendeou et al., 2016). However, students can only generate the inferences necessary to foster text comprehension if they have the cognitive and metacognitive skills to monitor and facilitate comprehension while reading. However, some students may lack the ability to use such cognitive and meta-cognitive skills.

Comprehension problems are not limited to a lack of cognitive and meta-cognitive skills alone. Alternatively, some learners may have misconceptions about topics addressed in the science text they read, which may constitute additional barriers to comprehending the texts (Diakidoy et al., 2011; Kowalski and Taylor, 2017; Smith et al., 2021). For example, a student who wrongly believes that biological traits, such as eye color, are determined by single genes may struggle to unlearn such misconceptions to embrace the fact that traits are caused by a combination of different genes. Reading comprehension (a learning outcome) is affected by the quality of the learning processes or activities students engage in while reading. Similarly, the processes or activities that readers engage in while reading may depend on presage factors they bring to the learning situation. Presage factors (defined shortly) affect both the cognitive or non-cognitive processes of reading and the products of learning (Bohn-Gettlera and Kendeou, 2014).

This study uses Brigg’s 3-P (Presage-Process-Product) model of teaching and learning to explore whether three comprehension monitoring processes mediated the correlations between two cognitive factors (prior information processing skills and prior knowledge) and products of text comprehension when students read a text on genetics. Prior information processing skills will be referred to as Skills throughout the rest of the manuscript for brevity. The Learning and Strategies Inventory operationalizes information processing and selecting main ideas from learning content as strategic learning Skills (Weinstein et al., 2011). The 3-P model posits that the products of learning are affected by factors that occur before (presage factors) and during learning (learning processes and activities). Presage factors refer to variables that exist before any learning engagement even begins. They may include pre-existing factors inherent in the learner or learning environmental (or situational) factors that can impact quality learning engagement. Presage factors can significantly affect the learning processes and outcomes (Zhang, 2010). In text-based learning, presage factors may include prior knowledge, reading study strategies, and student reading goals. These variables exist with the students before the learning situation (Ozuru et al., 2009). Processes may include cognitive activities (e.g., paraphrasing and inference generation) and meta-cognitive activities (e.g., self-regulatory functioning) that learners engage in to overcome barriers to text comprehension (Clinton, 2014; Lupo et al., 2019). Lastly, products may include learning outcomes such as conceptual understanding, recall, and knowledge transfer (Diakidoy et al., 2016).

Many studies have examined relationships between learning processes and products, or different presage factors and learning products in isolation or by pairing any of these relationships (e.g., Diakidoy et al., 2011, 2016). However, very few studies have done so while considering the interactions of presage, process, and product variables that may be relevant to the learning context (e.g., Cromley and Azevedo, 2007; Cromley et al., 2010). Exploring the relative significance of presage factors and cognitive processes that foster text comprehension could have significant implications for intervention for text comprehension. For example, whether presage factors (e.g., domain prior knowledge) have more or less effects on text comprehension than process factors (e.g., inference generation) can affect how readers are primed to foster comprehension. Hence, a study that examines the relative effects of presage and process factors on text comprehension could highlight essential considerations for text comprehension research and intervention.

The current study examines the interrelationships between two presage variables, three reading comprehension processes or activities, and two learning outcomes that are relevant to learning from science texts. The following section will highlight important theoretical perspectives about these variables and their relationships.


1.1 Theoretical frameworks


1.1.1 Essentials of classical text processing models

Text comprehension occurs when readers assimilate emerging textual information into their prior knowledge to construct a coherent mental representation of the text (Diakidoy et al., 2011). According to Kintsch (1998), text processing comprises a construction and an integration phase. In the construction phase, a reader takes in a series of sentences parsed into proposition units. Each incoming proposition unit activates relevant linguistic and domain-specific prior knowledge and all relevant proposition units from previous processing cycles that are still active in working memory to facilitate the construction of coherent arguments (Sinatra and Broughton, 2011). Text coherence happens when arguments in adjacent proposition units overlap—a coherence break occurs when arguments fail to overlap. A lack of such overlap inhibits learners from being able to construct a coherent mental representation of the text that is necessary for text comprehension.



1.1.2 Text processing and comprehension difficulties

Readers comprehend texts if they can attain local and global coherence (Diakidoy et al., 2011). Local coherence describes the degree to which the reader can conceptually relate proximally situated proposition units. Global coherence is attained when the reader can relate distal proposition units to build thematic representations of the text (Diakidoy et al., 2011). Learners may use information that emerges from subsequent text processing cycles and any relevant prior knowledge that the text activates in their working memory to resolve any incoherence in their mental representation of the text.

Furthermore, whether comprehension occurs depends on whether learners can integrate the coherent mental model they construct from reading with their prior knowledge. Many readers frequently experience coherence breaks while reading texts on science matters because such texts activate many unfamiliar terminologies in their short-term memory when they process scientific text.



1.1.3 Process-to-product: the role of strategic cognitive processing in text comprehension

Based on the preceding, good comprehenders use strategic comprehension monitoring skills, such as paragraphing and generating, to fill gaps in their mental model when they experience coherence break (Diakidoy et al., 2011; Leopold and Leutner, 2015). For example, a reader might paraphrase all or part of the ideas in a text in their own words to deduce meaning from unfamiliar words or contexts to enhance comprehension (Gilliam et al., 2007; Stevens et al., 2020). Paraphrasing enables the reader to represent the discourses processed in more relatable terms to enhance comprehension (McNamara et al., 2007).

Readers may need to compensate for coherence gaps during text processing by making bridging and elaborative inferences. Readers make bridging inferences when they connect newly activated text information with discourses from prior activation that are still active in their working memory or with distal discourses in episodic memory to establish referential, logical, and causal relationships between ideas emerging from ongoing discourse in the text (Diakidoy et al., 2011). Elaboration involves enriching the text discourse being processed with relevant background knowledge to enhance understanding (Gilliam et al., 2007). Research shows that text comprehension is inhibited when readers are unable to use these strategies to enable them to process and integrate textual information with their prior knowledge (Dornisch et al., 2011; Diakidoy et al., 2016; Hagaman et al., 2016; O’Reilly and Sabatini, 2016).



1.1.4 Presage factors and the process-product relationship

Presage factors relevant to the learning situation may also influence text comprehension. For example, the quantity and quality of learners’ prior knowledge could be functional in text processing and reading comprehension outcomes (Diakidoy et al., 2011). Research has shown that prior knowledge influences how much inference readers generate while reading (Tarch, 2015) and their ability to recall the main ideas from text (Millis and Graesser, 1994). The quality of prior knowledge affects scientific understanding (Vosniadou, 2013).

Similarly, information processing skills and metacognitive awareness of strategies that enhance comprehension may influence cognitive processes and reading outcomes (Mokhtari and Reichard, 2002). Comprehension depends upon a self-regulated use of cognitive and metacognitive skills that enhance learning. Learners use strategic skills—such as verbal elaborations and imagery, selecting or organizing main ideas from the texts—when reading to bridge gaps in their prior knowledge and the content of the learning material (Weinstein et al., 2011). However, the degree to which they use such strategies while processing a text may depend on their predisposition to invoke them when needed. Invariably, the cognitive skills (presage factors) that students bring to learning and their awareness of when to use them could impact their cognitive processing and learning outcomes. Hence, some presage student variables could directly or indirectly affect the learning process and the product of learning.



1.1.5 A 3-P framework of text-based learning based on a strategic learning model

Weinstein et al. (2011) proposed that three components (Skill, Will, and Self-regulation) are essential to strategic learning. They defined Skill components of strategic learning as “critical knowledge about, and knowing how to use, learning strategies and other thinking skills.” These include awareness of the strategies needed to enhance performance in different academic tasks and effectively study different types of content material. The Will component includes motivational and affective variables that influence strategic learning, and Self-regulation includes monitory and regulatory strategies that enhance learning (Weinstein et al., 2011). Through the lens of Brigg’s 3-P learning model, Weinstein’s components of strategic learning can be construed as presage variables that learners bring to a learning environment that affects their learning processes and products.




1.2 The present study

Many prior studies have focused on the process-product (2-P) relationships of text-based learning. However, how the relationships observed between cognitive activities (processes) and learning outcomes (products) are moderated by presage factors are less often examined. Ranellucci et al. (2013) examined the effect of students’ achievement goal orientations and the depth of text processing on conceptual change. Specifically, they examined relationships between prior knowledge and achievement goal orientation (two presage variables), deep and shallow cognitive processing (learning process variables), and recall and conceptual understanding (two learning outcomes variables). They found direct relationships between mastery-approach goal orientation, deep processing strategies, shallow processing strategies, and conceptual change. They further highlighted the extent to which deep and shallow processing mediated the relationship between mastery-approach goals and conceptual change (Ranellucci et al., 2013). By focusing on the three 3-Ps in the learning context, their study shed more light on the causal links between students’ goal orientations, cognitive processes, and learning outcomes observed in their study. Bråten et al. (2014) examined relationships between individual differences, processing, and multiple-text comprehension in a different but related study based on a similar conceptual framework.

The present study explores whether the effects of two presage variables (prior knowledge and cognitive skill) on learning outcomes (recall and conceptual understanding) are mediated by the quantity of the paraphrasing, bridging, and elaborative inferences students made while reading a text on genetic biology. Hence, the study explores a model that hypothesizes the relationship between the variables based on the research questions below:

Research Question 1. What are the relationships between participants’ prior knowledge, the comprehension strategies they used while reading, and measures of text comprehension?

Research Question 2. What are the relationships between participants’ presage skills, the comprehension strategies they used while reading, and measures of text comprehension?

Research Question 3. What are the relationships between the comprehension strategies that participants used while reading and measures of text comprehension?

Research Question 4. Did the comprehension strategies used by participants in the study mediate the relationships between prior knowledge and skill and measures of text comprehension?


1.2.1 Hypothesized model

Drawing on extant theoretical and empirical studies of text comprehension, we hypothesized that the comprehension strategies (paraphrases and inferences) that participants generate while reading would be positively related to conceptual understanding. Specifically, because paraphrasing is considered a lower-order cognitive activity (Magliano et al., 2011), we hypothesized that the number of paraphrases participants generate as they process text will have a stronger positive correlation with recall than comprehension. Making bridging and elaboration inferences indicates deeper cognitive activities during text processing. Hence, we hypothesized that they would have a stronger direct correlation with conceptual understanding than recall (Magliano et al., 2011).

Prior research indicates that prior knowledge is often positively related to conceptual understanding (Tarch, 2015). Some other studies have suggested that the prior knowledge effect on recall is, at best, minimal (Erçetin, 2010). A similar argument was proposed by van den Broek (1994) in contrasting recall and summarization—the author argued that summarization requires an extensive probing of prior knowledge, while recall minimally engages inference and prior knowledge as learners probe a propositional textbase. Because recall puts less cognitive demand on memory, we predicted that the relationship between prior knowledge and recall would not be significant. Based on earlier studies, we anticipated that students’ awareness and predisposition to use cognitive processing skills (e.g., being able to select main ideas, use imagery, and perform executive functioning) would have a significant direct relationship with students’ ability to generate bridge and elaborative inferences (Mokhtari and Reichard, 2002), but would have no an indirect relationship with the learning outcomes we measured. Lastly, extant research suggests that prior knowledge is germane to making elaborative inferences (Gilliam et al., 2007). We anticipated that prior knowledge would have a significant direct effect on elaboration. Figure 1 depicts a conceptual model summarizing our hypothesis about the relationship between the variables. The dashed lines in the figure indicate that the hypothesized relationships between two variables are not statistically significant, while the solid lines indicate that hypothesized relationships are statistically significant.
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FIGURE 1
Hypothesized path model of presage variables, comprehension processes, and learning outcomes.






2 Materials and methods


2.1 Participants

Participants were 109 undergraduate students (82 females and 27 males) who enrolled in an introductory biology course at a large public research university in the Pacific Northwest of the United States. The study was conducted in the context of the weekly lab components of the course. Participation was voluntary, and participants could discontinue at any point in the study.



2.2 Materials


2.2.1 Experimental text

Participants read texts that addressed misconceptions commonly held by students in introductory biology classes. The researcher and the course instructor (the content expert) developed the texts for this study. The Dale-Chall readability index indicated that the texts used in this study were comprehensible for students in the eleventh grade.



2.2.2 Measurements

Presage Variables Measures: Presage variables included prior knowledge and the Skill components of strategic learning measured using items on the third edition of the Learning and Study Strategies Inventory (LASSI). Constructs related to the Skill components of strategic learning assessed by the LASSI include Information Processing, Selecting Main Ideas, and Test Strategies. We used only items from the Information processing (six items) and the Selecting main ideas (six items) subscales to assess the skill component of strategic learning of participants in our study. We selected only those items because they were the most relevant to the learning context in which participants in our study engaged. Items on the instruments are measured on a five-point Likert-type scale ranging from not at all typical of me (1) to very much typical of me (5). An estimate of the LASSI subscales’ internal reliability was acceptable (Cronbach’s alpha = 0.83).

Learning process measures—type-aloud protocol. A total of 872 typed responses (eight responses per participant) were coded and analyzed. Because the participants’ responses we needed to code were much, the Reading Strategy Assessment Tool (RSAT) was used to compute scores for the amount of paraphrasing, bridging, and elaboration participants produced as they typed their thoughts in responses to the prompts (verbal protocols). The RSAT scoring protocol uses a word-matching algorithm that matches participants’ responses with words in the assigned texts (Magliano et al., 2011). The algorithm scores paraphrasing using the sum of similar words from the text participants read that showed up in their typed responses. Bridging is scored using the sum of content words in participants’ verbal responses from the sentence immediately before a target sentence in the assigned text. Elaboration is scored using the sum of content words in participants’ typed responses not found in the text passage.

Learning product measures—Knowledge Inventory: The prior knowledge instrument used in the study was taken from the Genetics Literacy Assessment, an established genetic concept inventory (Bowling et al., 2008). Split-half analysis was conducted to determine the internal reliability coefficients of the test. The reliability of questionnaire data is estimated using a range of coefficients (e.g., Cronbach’s alpha). However, such coefficients may not be well suited to some cognitive tasks. Some authors have argued that the split-half reliability analysis is better suited for estimating the reliability of cognitive tasks (Steinke et al., 2021; Pronk et al., 2022).

The analysis showed that the Spearman-Brown split-half coefficient was 0.68. Between form correlation was 0.51 for the pre-test. A post-intervention inventory was used to assess students’ retention and conceptual knowledge of genetics. The recall test consisted of eight multiple-choice items that assessed the retention of facts from the texts, and recall scores ranged between 0 and 8. The genetic knowledge comprehension scores also ranged between 0 and 8. Split-half analysis to determine the internal reliability coefficients of the post-test showed that the Spearman-Brown split-half coefficient was 0.77, and between forms correlations were 0.63 for the pre-test.




2.3 Procedure

Participants took the LASSI survey online in the first weeks before the main study activities. A prior knowledge test was administered during class activities in the second week. They received a link to the experimental platform designed on Qualtrics® during their lab section in week four of the study as part of their lab exercises. The platform included an introductory biology text on genetics and a post-test. As participants read through the text, they were prompted to reflect on what they had read and type out their thoughts about the texts they had just read whenever they saw the prompt “What are you thinking about now?” at designated segments of the text. This procedure was adopted from the “think-aloud procedure” of earlier text comprehension studies that asked participants to type out their thoughts (Gilliam et al., 2007; Magliano et al., 2011).

The Qualtrics® platform began with an instruction section to familiarize participants with navigating the rest of the experimental platform. The instruction pages also included examples of good and poor typed responses to the prompts that asked them to think and type their thoughts. In addition to the examples, the participants also had practice samples before the actual study activities to familiarize them with the main activities of the study. Once they had completed the practice sections, they could progress and read through the text for the main study one page (screen) at a time. Upon completing the reading assignment, participants completed a post-intervention knowledge inventory that assessed their recall of the main ideas from the text and their comprehension of the text.




3 Data analysis and results

Before data analyses, we examined all variables for data entry accuracy, outliers, and normality of distributions. Preliminary analyses included computing descriptive statistics, such as means, standard deviations, and Pearson’s correlation coefficients. Missing data comprised 8.7% of all cases, and similarities between the complete sample and missing data on the variables were examined with independent sample t-tests. Cross-sectional theory-based path models were constructed to answer the research question. The term “path model” indicates a special case of structural equation modeling (SEM) in which only single indicators are employed for each variable in the causal model. Path analysis is an SEM with a structural but not a measurement model (Lei and Wu, 2007). All analyses were performed using the Mplus statistical package (Version 7.31; Muthén and Muthén, 2021). A good fit between the hypothesized model and the observed data (Hu and Bentler, 1999) is observed if the value of the Bentler comparative fit index (CFI) and Tucker-Lewis index (TLI) are above 0.95, and the value of the Root Mean Squared Error of Approximation (RMSEA) is below 0.06.

An independent sample t-test showed no differences between the baseline values of participants with no missing values and those with missing values (t-values ranging from 0.416 to 1.356), indicating that the missing values were missing at random. The Cronbach’s alphas observed were comparable to those reported in the LASSI user’s manual Information Processing (α = 0.82) and Selecting Main Ideas (α = 0.84). Descriptive statistics and correlation matrix are presented in Table 1.


TABLE 1 Descriptive and correlational statistics of study variables.

[image: Table 1]

Statistically significant correlations were only observed between prior knowledge, presage skill, recall, and comprehension. The result of the original model (Figure 1) conducted with the Mplus statistical package yielded a poor model fit: (χ2 (3) = 19.59; p < 0.001; CFI = 0.80; TLI = 0.33; RMSEA = 0.231; CI 90% [0.14, 0.33]). The initial model was modified post hoc by specifying prior knowledge as a moderator instead of a predictor variable (Figure 2) to explore causal relationships between elaboration, bridging, and paraphrasing. The modified model had a marginally good data fit: (χ2 (1) = 1.79; p = 0.181; CFI = 0.99; TLI = 0.89; RMSEA = 0.087; CI 90% [0.01, 0.29]).
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FIGURE 2
Estimated path model of presage variables, comprehension processes, and learning outcomes. *Significant at p < 0.05, **significant at p < 0.01.


With regard to the first research question, the findings supported the alternative hypothesis, which showed that prior knowledge was directly related to comprehension (β = 0.61) and recall (β = 0.29). The direct relationships between prior knowledge and cognitive strategies were not significant. In the second research question, the relationship between participants’ presage skills and the comprehension strategies they employed while reading was not significant; neither were the relationships between skills and learning outcomes significant. On the third research question, the analyses showed that elaboration predicted recall (β = 0.25) but not comprehension, and bridging predicted comprehension (β = 0.22) but not recall. In addition to the predicted paths, the ad hoc suggested bridging to be a positive predictor of paraphrasing (β = 0.25) and elaboration to be a negative predictor of paraphrasing (β = −0.38). The analyses indicated that the predictor variables predicted 25% variance in paraphrasing (R2 = 0.25 [0.07]), 13% in recall (R2 = 0.13 [0.06]), and 39% in comprehension (R2 = 0.39 [0.08]). The model resulting from the analysis is shown in Figure 2.

With regard to the final research question, we could not establish a mediation effect of the comprehension strategies on the relationships between any of the presage variables and the text comprehension variables. Prior knowledge was used as a covariate in our analysis of the modified final model.

Following this analysis above, we conducted a post hoc correlational analysis to investigate how the relationships between the process and outcome variables compared for students whose prior knowledge of cell genetic concepts (N = 59) was significantly higher and lower than average. Hence, we created two categories of participants based on their prior knowledge scores: those whose prior knowledge scores were below one standard deviation of the group mean score (Low prior knowledge, N = 26) and those whose prior knowledge scores were above one standard deviation of group mean score (High prior knowledge, N = 32).

Subsequently, bivariate correlational analyses were examined between the variables for each prior knowledge category. The result of the correlations between the variables for students with low and high prior knowledge is shown in Table 2.


TABLE 2 Correlational statistics of study variables for prior knowledge groups.
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4 Discussion

This study examined the relationships between two presage variables that students brought to a biology learning engagement and some process-product variables. We observed a moderately significant correlation between prior knowledge and text comprehension. Prior knowledge was also positively correlated with recall and participants’ presage skills needed in reading for comprehension. In addition, how much participants recalled was moderately correlated with the measure of comprehension observed in the study. All of the other relationships were not statistically significant.

We found that neither prior knowledge nor the skill components of strategic learning examined in this study predicted any text-processing activities (paraphrasing, bridging, and elaboration) that participants employed while processing or reading the text. Prior knowledge failed to predict paraphrasing and bridging, perhaps because both process variables are less dependent on students’ prior knowledge. This observation corroborates earlier views that students with high reading goals will expend metacognitive strategies (such as paraphrasing and bridging) to ensure they comprehend what they read, regardless of how much prior knowledge they have (Bohn-Gettlera and Kendeou, 2014). Because prior comprehension models suggest learners draw on their prior knowledge in making elaborative inferences (Gilliam et al., 2007), we anticipated that prior knowledge would have some effect on participants’ use of elaboration. However, that expectation was not supported by the data in this study. On the contrary, prior knowledge did not predict the use of elaboration among participants observed in our study. Perhaps this was due to a flooring effect in participants’ prior knowledge—since the mean score on the prior knowledge measure was already. Alternatively, it is also possible that students relied extensively on general background knowledge instead of domain-specific prior knowledge when making elaborative inferences.

Participants’ prior knowledge about genetics predicted recall and comprehension (learning product variables) observed in the study. We observed that prior knowledge and bridging jointly accounted for about 40% of the variance in participants’ comprehension scores. This finding is consistent with extant literature that shows prior knowledge has a considerable effect on cognitive learning outcomes (Chi, 2013). Apart from prior knowledge, Magliano et al. (2011) posited that text comprehension is affected by readers’ capacity to generate bridging inferences. Prior knowledge and Elaboration scores accounted for 13% of the variance in participants’ recall scores. Theorists argue that making elaborative inferences is a higher-order, more mentally demanding cognitive process involving drawing on learners’ prior knowledge (Gilliam et al., 2007; Diakidoy et al., 2011). We observed from this study that making elaborative inferences while reading facilitated recall. Perhaps learners drew on prior knowledge to facilitate elaborations, which strengthened the mental connections they made with the text contents and thus could recall more. However, we could not validate this perspective from the data used in this study.

Based on the observation in this study, participants’ presage skills measured on the LASSI neither predicted any of the learning processing nor the learning product variables investigated—perhaps because the presage skill components of strategic learning that were measured in this study were not particularly relevant to the difficulty level of the learning task that the average participants experienced. That notwithstanding, it appears that the presage skill variable may have been needed by students with low prior knowledge of the domain who needed to compensate for their low prior knowledge to aid their comprehension of the test material. We conducted a post hoc analysis to explore the relationship between these variables for students who scored one standard deviation below or above the sample mean prior knowledge score to examine this assumption further. The result in Table 2 indicates that the Skill component variable had higher correlations with bridging, recall, and elaboration for participants with the lowest prior knowledge scores compared to those with the highest prior knowledge scores. Future studies may explore these relationships and the relevance of presage strategic learning skills for students with low prior knowledge.

Both bridging and elaboration contributed significantly to participants’ recall or comprehension scores. However, paraphrasing scores did not predict either of the two learning outcomes. Some have argued that paraphrasing is less cognitively engaging than bridging and elaborating inferences (Magliano et al., 2011). The result also indicated that paraphrasing was negatively correlated with elaboration. This could imply that students who paraphrase more may also engage less in other cognitive strategies that require deeper cognitive engagement they need to integrate the learning material into learners’ prior knowledge. The cognitive process variables did not mediate the presage-product relationships observed in this study as expected.


4.1 Implications of study findings

In summary, prior knowledge and bridging predicted participants’ comprehension scores, while prior knowledge and elaboration predicted recall scores. However, domain-based prior knowledge did not significantly predict the comprehension strategies participants used during text processing. This observation is consistent with prior empirical or theoretical conjectures about the effects of prior knowledge and the three process variables on learning products. Text processing skills (such as paraphrasing and inference-making) were significant predictors of comprehension. However, the effects of domain prior knowledge on these skills were insignificant. We infer from this observation that being deficient in domain-based prior knowledge would not limit students’ ability to use strategic cognitive skills to foster comprehension when reading science texts. However, students need to know what and how to use reading skills that facilitate comprehension.

Students who need both the requisite domain prior knowledge in science fields and the strategic comprehension skills essential for processing text may find science texts challenging to read. We infer from the preceding that the efficacy of interventions aimed at training or scaffolding students to use deep comprehension strategies may not be impacted by a lack of relevant domain prior knowledge. Hence, such students’ effort to hone their text comprehension skills is unlikely to be undermined by their domain-specific prior knowledge deficiency. As such, instead of focusing on cognitive factors that foster reading comprehension, reading intervention can also be focused on affective variables such as reading goals, task value, and learning motivation (Mokhtari and Reichard, 2002) because affective variables can also play equally substantive roles in whether students are deeply engaged in efforts that foster comprehension than prior knowledge.



4.2 Limitations and future research directions

Relative to the number of variables specified in the hypothesized model, the study was based on a relatively small sample size (N = 108). Consequently, the study may have lacked the statistical power to observe significant effects across variables. Hence, the failure to observe significant effects between some variables may have been due to a lack of statistical power.

In this study, the presage skill component of strategic learning was based on a subjective rather than an objective measure. Some researchers have questioned the reliability of students’ self-reports (Schellings and Van Hout-Wolters, 2011). While reliability coefficients indicate that the scales used in this study have good internal consistency reliability, the veracity of the Skill components scale on the LASSI has been questioned because the authors of the scale based their validity claim only on expert opinion (Prevatt et al., 2006). The presage skill component of strategic learning measured on the LASSI did not predict readers’ text-processing activities and the expected learning outcomes—although its relationship with both the process and outcomes variables was significant for participants with low prior knowledge of the domain. We could have used a more definitive presage cognitive construct (such as critical thinking or meta-cognition) or a more objective operationalization and measure of presage cognitive skill than the variable we used in the current study. Furthermore, we presume that other presage cognitive variables such as meta-cognition, critical thinking, epistemic cognition, topic interests, and prior knowledge could have had better explanatory relevance to the learning context that the participants in our study experienced than the more amorphous skill components that we measured in this study. Future studies could further explore the implications of prior knowledge and presage cognitive skills on learning process-product relationships using a more objective measure of cognitive processing. Future studies may also explore the interaction between these variables and process-product relationships based on a 3-P conceptual framework.

The text process variables were obtained using a typed thin-aloud protocol. However, this methodology only captures a subset of reading processes, perhaps only those consciously expressed by readers (Kendeou and van den Broek, 2007). Think-aloud procedures cannot assess other latent indicators of cognitive processes associated with the comprehension strategies learners may have engaged in while reading. The procedure used in this study could also have introduced confounds into the measurement, which cannot be ascertained (Kendeou and van den Broek, 2007; McCrudden and Kendeou, 2014). Participants were required interrupted while reading to type out their thoughts about the text they had just read. Such interruption intrudes into learners’ natural reading process, which may interfere with their cognitive processing.

Prior knowledge is pivotal to text processing and the learning gains of good comprehension skills. For example, learners’ capacity to make the elaborative inferences necessary to foster comprehension depends on their access to robust background knowledge, including domain-based and linguistic-based background knowledge (Gilliam et al., 2007). Elaboration was a better predictor of recall than comprehension in this study. Future studies could reexamine the prior knowledge effect on the process variables we examined by distinguishing between domain-based and linguistic-specific prior knowledge. Lastly, the prior knowledge effect may be more salient to comprehending science texts within the physical science knowledge domains rooted in conceptual and procedural mathematical prior knowledge.
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