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Cognitive load theory (CLT) posits the classic view that cognitive load (CL) has three-components: intrinsic, extraneous and germane. Prior research has shown that subjective ratings are valid measures of different CL subtypes. To a lesser degree, how the validity of these subjective ratings depends on learner characteristics has not been studied. In this research, we explored the extent to which the validity of a specific set of subjective measures depends upon learners’ prior knowledge. Specifically, we developed an eight-item survey to measure the three aforementioned subtypes of CL perceived by participants in a testing environment. In the first experiment (N = 45) participants categorized the eight items into different groups based on similarity of themes. Most of the participants sorted the items consistent with a threefold construct of the CLT. Interviews with a subgroup (N = 13) of participants provided verbal evidence corroborating their understanding of the items that was consistent with the classic view of the CLT. In the second experiment (N = 139) participants completed the survey twice after taking a conceptual test in a pre/post setting. A principal component analysis (PCA) revealed a two-component structure for the survey when the content knowledge level of the participants was initially lower, but a three-component structure when the content knowledge of the participants was improved to a higher level. The results seem to suggest that low prior knowledge participants failed to differentiate the items targeting the intrinsic load from those measuring the extraneous load. In the third experiment (N = 40) participants completed the CL survey after taking a test consisting of problems imposing different levels of intrinsic and extraneous load. The results reveals that how participants rated on the CL survey was consistent with how each CL subtype was manipulated. Thus, the CL survey developed is decently effective measuring different types of CL. We suggest instructors to use this instrument after participants have established certain level of relevant knowledge.
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INTRODUCTION

Cognitive load theory (CLT) attends to the limited working memory capacity (Cowan, 2001) for instruction and learning. It posits that optimal design of instruction and learning should not overload learners’ working memory capacity (Sweller, 1988, 1994, 2010; Sweller et al., 1998). This is because novel information and previously learned information from long-term memory need to be consciously processed in working memory. However, working memory is limited in capacity and duration when processing novel information, especially without deliberate rehearsal (Baddeley, 1992; Cowan, 2001). This is in contrast to the long-term memory, which is an unlimited, permanent repository for organized knowledge that governs our cognitive processes (Sweller, 2010).

Cognitive load is defined as the working memory load experienced when performing a specific task (Kalyuga, 2011; Sweller et al., 2011; van Merriënboer and Sweller, 2005). This places a requirement on instruction to avoid overloading the working memory during learning. Cognitive load is a multifaceted construct. Historically, extraneous cognitive load (ECL) was the first CL subtype introduced by Sweller (1988). ECL refers to the working memory resources allocated to unproductive cognitive processes. The level of ECL is related to the presentation format (e.g., visual, audio, and text), spatial and temporal organization of various information, etc. For example, high ECL can be caused if the same information is presented simultaneously in both text and audio modalities, since the redundancy would cause cognitive resources to be wasted which could potentially hinder learning. The second CL subtype is the intrinsic cognitive load (ICL) which is related to the working memory resources allocated to dealing with the learning objectives (Sweller, 1994). Finally, a third kind of CL, germane cognitive load (GCL), refers to the working memory resources used for constructing, chunking and automating schemas (Sweller et al., 1998). From a common theoretical perspective, John Sweller suggested that all three subtypes of CL can be defined in terms of the core concept of element interactivity (Sweller, 2010). Under this theoretical formalism, the load is extraneous if the element interactivity can be reduced without altering the learning objective. The load is intrinsic if reducing the element interactivity alters the learning objective. Germane load simply refers to the working memory resources used for processing the intrinsic load, such as through chunking, schema generation and automation, and therefore is also tied to element interactivity. Kalyuga (2011) also argues germane load is not an independent load type, since there is no theoretical argument for any difference between GCL and ICL. Thus, it has been suggested that GCL can be readily incorporated into the definition of ICL by redefining the cognitive processes involving GCL as pertaining to the learning goals related to ICL. Thus, there are only two independent components in CLT: ECL and ICL, which are additive. Scientists would favor a two-component model if a two-component construct of CL has equal or more explanatory power than a three-component model. This comes from Occam’s razor argument which says the simpler model is usually the right one. Jiang and Kalyuga (2020) have provided evidence supporting a two-component model over a three-component model using subjectively rated CL surveys.

The aforementioned latest development in CLT suggests any measurement of CL should focus on differentiating ICL and ECL. Monitoring the levels of different types of CL perceived by students could help maximize the learning outcomes. However, Sweller (2010) has also argued that learners’ content knowledge level could affect their ability in discerning ICL from ECL. Learners with low content knowledge level may have difficulty differentiating irrelevant information from relevant information, or productive learning process from unproductive learning process. Therefore, the knowledge level moderates students’ capability to discern ICL from ECL. This certainly places even further challenges for educators since measuring different CL subtypes is already an ongoing challenge in the CLT research community (Kirschner et al., 2011). Thus, it begs researchers to design appropriate measurement tools and identify the condition for the appropriate use of the tools.

There are two widely used approaches toward measuring CL: subjective (e.g., self-report) and objective (e.g., tests and physiological measures). Subjective measures of Sweller’s three subtypes of CL have been more extensively explored (Hart and Staveland, 1988; Paas, 1992; Kalyuga et al., 1998; Gerjets et al., 2004, 2006; Ayres, 2006; Leppink et al., 2013). Subjective measures typically require participants to evaluate their own cognitive processes during a learning task. Thus, they rely on the participant’s ability to introspect on their learning experience. A great deal of work has gone into developing such Likert scale style subjective measures of CL. In these studies, researchers generally manipulated ICL in terms of adjusting the amount of information presented to students, such as modular vs. molar solutions comparison (Gerjets et al., 2004, 2006), changing the number of arithmetic operations (Ayres, 2006), or adjusting the learning material complexity (Windell and Wieber, 2007). These studies have shown that subjective measures could discern different levels of ICL using a difficulty rating (Windell and Wieber, 2007; Cierniak et al., 2009), a mental effort rating (Ayres, 2006), sub-items of NASA-TLX, such as stress, devoted effort, task demands (Gerjets et al., 2004, 2006), and mental demands (Windell and Wieber, 2007). The authors manipulated ECL in terms of a split-attention effect (Kalyuga et al., 1998; Windell and Wieber, 2007), and a modality effect (Windell and Wieber, 2007). They showed that ECL can be measured using a weighted workload of NASA-TLX (Windell and Wieber, 2007), a difficulty rating (Kalyuga et al., 1998), and a rating of difficulty of interaction with the material (Cierniak et al., 2009). According to Sweller (2010), GCL is affected only by the learner’s motivation. Some researchers manipulated GCL/motivation through, instructional format (Gerjets et al., 2006). These studies showed GCL can be measured using, sub-items of NASA-TLX, such as task demands, effort, and navigational demands (Gerjets et al., 2006), or multiple survey items evaluating learning performance (Leppink et al., 2013).

In this work, we developed and validated a subjective survey for assessing the CL experienced by learners taking a conceptual physics test. The survey was adapted from the CL survey developed by Leppink et al. (2013). The motivation for developing this survey is that the survey developed by Leppink et al. (2013) and many previous subjective surveys were designed to measure the CL during instructional activities. In educational psychology, it has been suggested that quizzes and tests can be used as learning practice for learners (Roediger and Karpicke, 2006; Karpicke et al., 2014). This is contradictory to the traditional view that tests can only be used as summative evaluation of learner performance. Many different pedagogical methods require instructors to create problems of their own (Mazur, 2013). Instructors need to create different testing tasks if they want to use frequent testing as learning practice for students to construct knowledge. Thus, it is important to make sure the tasks on the test are optimally designed. For example, the task should not use confusing language in the statements. On the other hand, many different problem tasks purposefully provide more information than needed to solve the problem, such as context rich problem (Ogilvie, 2009). It is possible students will process the unnecessary information if they do not have the relevant knowledge, or they will report the statement of a problem task is confusing even if the statement is perfectly clear to an expert. A CL survey that can be used to measure the three types of CL could inform instructors if the tasks created used clear language and provide instructors feedback about how students process unnecessary information.

In this study, we adopt an argument-based approach to describe the validation of the CL survey we developed (Kane, 2013). During the development and validation of the CL survey, we payed attention to both reliability and validity. Reliability refers to the consistency of the items designed to measure the same theoretical attribute, and validity refers to the appropriateness of interpreting the subjective ratings on the survey.

We conducted three experiments to validate the CL survey. Together these three experiments contributed to establishing the validity of the CL survey and the condition under which it should be administered. The studies involving human participants were reviewed and approved by the IRB office at Purdue University. The participants provided their written informed consent to participate in this study.



EXPERIMENTS


Experiment One


Materials and Procedure

We adapted the first six items on the survey used by Leppink et al. (2013), and adapted two other items targeting GCL based on previous literature (Paas, 1992; Salomon, 1984; see Table 1). Each item was rated on a Likert scale from 1 (not at all the case) to 9 (completely the case).


TABLE 1. A mapping between all items of the cognitive load survey and what they are constructed to measure.

[image: Table 1]In experiment one our goal was to establish the construct validity of the survey to verify whether the survey items indeed measure the three different cognitive sub-loads that they were intended to measure. We asked a different group of participants (N = 45) to categorize the items on the CL survey into three groups based on the common theme. A subgroup of the participants (N = 13) were interviewed about how they perceived the items on the survey. Follow-up questions were asked during the interview process. Participants were asked to provide their reasoning for the way in which they grouped the items and were asked to express the similarities and differences among the items grouped together.



Results of Experiment One

In experiment one, we asked N = 45 participants to sort the eight items on the CL survey into three groups based on a common theme. Participants were offered extra credit equal to 1% of their total course grade for their participation. The items were presented to the participants in a randomized order. Twenty-nine of 45 participants (64%) sorted the items as expected (Group A: items 1, 2, 3; Group B: items 4, 5, 6; Group C: items 7, 8). Nine of 45 participants (20%) misplaced one or two items different from the expected grouping. Seven of 45 participants (16%) grouped the items following no apparent pattern.

Thirteen of the 29 participants were randomly selected for a follow-up interview after they completed the sorting task. Each participant was asked to provide the similarities and differences between the items of each group that they had created. Participants’ responses were audio recorded and coded. Ten (10) of the 13 participants grouped the survey statements in a way that was consistent with the CLT model. These interviews allowed us to detect participants’ perception of the meaning of these statements. The discussion with participants’ and their descriptions about each group are described below. The second author (JM) conducted the interview for experiment one since he was not associated with the course in any way at the time.



Discussion

Participants commonly responded that they grouped ICL items together because they were dealing with complexity. When confronted with questions about what makes a problem complex, participants often responded that a problem with several different elements was complex. One student remarked “circuit problems incorporate a lot of different elements. There is an element of knowing how bulbs in series function, but there also bulbs in parallel, and there is also a switch.” It was also commonly reported that not having a familiarity with the ideas contained in a question makes it complex. To that end, one student said, “For this question about the power delivered to these circuits you have to know the definition of power and resistors and understand how circuits work.” Here students’ argument clearly aligns well with how CLT defines ICL in terms of element interactivity which is reflected in the complexity (Sweller, 2010).

When participants were asked what differentiates these statements in this group from each other, they often remarked that the statements spoke to differing levels of organization. One student said “some of the items are about topics and the others are about sub-topics.” Statement one referred to topics, while statements two and three mentioned formulas and concepts, respectively. Participants generally agreed that topics are more general than concepts which is broader than formulas.

The common theme expressed by the participants about the ECL items was confusion. “These statements have to do with ambiguity, distraction, and confusion while taking a test and those things go together.” Some participants also related these items to the statement of the questions in the test, saying things like “These statements deal with the language of the question rather than the content,” while another said “These were within the question itself. Like language and extra information, the wording of the test.” Students’ understanding of the items seem to be consistent with what CLT describes ECL in terms of its detrimental impact for learning since they are mostly distracting to learning (Sweller, 1988, 2010).

When participants were asked what differentiates the statements in this group from each other, they replied that the statements were talking about different ways in which things can be confusing. For example, “These statements are different because (5) is about finding the relevant information (6) is about having too much information, and (4) is about the question being asked in a confusing way.” Participants were asked what makes confusing language different from distracting information. To which one replied “confusing information is related to things I don’t understand, where distracting information is related to having more information than I need to solve the problem,” while another observed “Language has a lot to do with the words you are using, distracting information deals with words and sentences that have no purpose.” Further probing, many respondents were asked what makes a test question confusing. Participants commented that questions they didn’t know how to answer were confusing. For example, “This question about electric field is confusing because I don’t know much about electric field.” This last response seems to indicate the possibility of conflating the reasons for grouping items as ICL or ECL.

Participants grouped the GCL items on the survey as thematically similar often reflected that they were related to one’s subjective experience of the test instead of difficult content or confusing language. One student stated, “These items covered what you felt toward the exam, not objective difficulty but more like your personal experience” while another indicated “These items dealt less with the test itself and more with the test taker, more about concentration and mental effort, having to put more thought into answering the questions instead of difficult concepts or the wording of questions.” Another participant said “Both items had to do with thinking. This one (7) was concentrating a lot, and this one (8) was exerting a lot of mental effort to figure out what was needed.” Here what the students reported were consistent with the definition of GCL as proposed by Sweller that GCL has to do with the personal experience of students, especially how much cognitive resources were devoted to learning as reflected by the words: “concentration” and “mental effort” (Salomon, 1984; Paas, 1992; Sweller, 2010).

When asked about what individuated these statements, participants often designated the difference in the concepts “mental effort” and “concentration.” In a series of subsequent questions most participants were unable to definitively make a distinction between the two constructs, with responses such as, “Concentration is more like focus. Mental effort is more like thinking about the information you already know to find the answer.” In order to further probe their interpretation of these statements the interviewer asked participants to reflect on “concentration” and “mental effort” in terms of the steps to for solving a physics problem. Participants generally stated that reading and taking in the information of the problem statement required concentration while building a model of the problem and formulating a solution required mental effort.

In summary, results of experiment one indicate that participants were remarkably astute not just in grouping the statements, but also in articulating their criteria for the groupings. Further they were able to describe with clarity how the various statements within each group were similar to and different from each other. These results support the face validity and construct validity of the items on the survey.




Experiment Two


Materials

In experiment two, our goal was to determine whether the validity of survey i.e., its alignment with the three-component model of CLT was conditional to the level of content knowledge of the participants. We know from literature that knowledge level can influence the perceived CL since low knowledge learners may not differentiate ICL from ECL, while high knowledge learners can distinguish between these two constructs (Sweller, 1994, 2010). Based on this, we hypothesize that the items used for assessing the ICL and ECL will load to the same component when they have low knowledge, and the items used for assessing ICL and ECL will load to two separate components when they have high knowledge level. We conducted a principal component analysis to confirm if different items on the survey aligned with the three different CL subtypes.



Procedure

N = 139 participants enrolled in a physics class for elementary education majors participated in the study. In a pre/post-test design, we asked participants to complete the DIRECT (Determining and Interpreting Resistive Electric Circuit Concepts Test) assessment at the beginning and at the end of an instructional unit on DC electric circuits. DIRECT was developed by Engelhardt and Beichner (2004) for assessing conceptual understanding of circuits. DIRECT has 29 multiple choice items on it. There is only one correct answer to each item. It usually took students ∼30 min to complete. After each test (pre- and post-test), we administered this CL survey individually. Presumably, participants had low knowledge level of the relevant concepts at the beginning of the instructional unit (as confirmed by their performance on the test); and they had higher knowledge level of the relevant material by the end of the instructional unit (again, confirmed by their performance on the test).

To validate the CL survey that has three underlying components, a principal component analysis (PCA) was conducted for the two sets (pre and post) of data using IBM SPSS version 24 software. PCA analysis was used since we are exploring how many components the 8 items of the CL survey would load on to. As such, PCA is a proper analysis. The results of the PCA are shown in Table 2 and Table 3.


TABLE 2. Means (SD), skewness, kurtosis, and components loadings for study one (pre-test).

[image: Table 2]
TABLE 3. Means (SD), skewness, kurtosis, and components loadings for study one (post-test).
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Results of Experiment Two

For the CL survey results collected after participants had completed the DIRECT pre-test, there were no outliers or extreme skewness or kurtosis, as well as sufficient inter-item correlation; KMO (Kaiser-Meyer-Olkin test) = 0.839, Bartlett’s χ2(28) = 481.779, p < 0.001. A high value of KMO indicates the data is suitable for a factor analysis; Bartlett’s test of sphericity indicates the data is suitable for a factor analysis when the test achieves significance level (0.05). Both KMO and Bartlett tests indicated the data collected were fit for a PCA analysis. KMO is measure of sampling adequacy. Given the small sample size, a PCA was conducted. Varimax rotation was performed to investigate the correlational nature of the underlying components. When, eigenvalue one was used as criteria for determining the number of underlying components, a two-component model emerged with 68% of the variation explained by the two components. Items 1–6 are loaded to the first component and items 7–8 are loaded to the second component. This seems to support the idea that when participants do not have high knowledge level, they could not differentiate ICL from ECL as suggested by CLT (Sweller, 2010). Reliability analysis for the six components loaded to the same construct revealed Cronbach’s alpha values of 0.874 for Items 1, 2, 3, 4, 5, 6 (1, 2, 3 are expected to measure ICL; 4, 5, 6 are expected to measure ECL); and 0.782 for Items 7, 8 (expected to measure GCL).

For the CL survey results collected after participants had completed the DIRECT post-test, there were no outliers or extreme skewness or kurtosis, as well as sufficient inter-item correlation; KMO = 0.708, Bartlett’s χ2(28) = 496.201, p < 0.001. Both KMO and Bartlett tests indicated the data collected were fit for a PCA analysis. Given the small sample size, a PCA was conducted. Varimax rotation was performed to investigate the correlational nature of the underlying components. When, eigenvalue 1 was used as criteria for determining the number of underlying components, a three-component model emerged with 77% of the variation explained by the three-components. Items 1, 2, and 3 are loaded to the first component; items 4, 5, and 6 are loaded to the second component; items 7, and 8 are loaded to the third component. This provides evidence that when participants have high knowledge level (as on the post-test), they could differentiate ICL from ECL as suggested by CLT (Sweller, 2010). Reliability analysis for the three-components revealed Cronbach’s alpha values of 0.816 for Items 1, 2, 3 (1, 2, 3 are expected to measure ICL); and 0.763 for 4, 5, 6 (4, 5, 6 are expected to measure ECL); and 0.687 for Items 7, 8 (expected to measure GCL).



Discussion

In summary, results of experiment two indicate that, in a testing environment, the CL survey we developed could capture the three kinds of CL subtypes. Results confirmed that students’ capability of differentiating ICL from ECL depends on their content knowledge level. Thus, when students have relatively low content knowledge, they fail to differentiate ICL from ECL, which suggests even information related to learning can be confusing to students. This is consistent with what Sweller (2010) has suggested that content knowledge level could moderate how students self-perceive their CL. In addition, the items on our CL survey seem to be able to capture GCL regardless of the content knowledge level of students, which suggests students could introspect their level of effort for making sense and applying knowledge.




Experiment Three


Materials

In this experiment, we developed two pairs of tasks with clear manipulations using a 2 (High/Low ECL) × 2 (High/Low ICL) design (see Figure 1) based on Sweller (2010) and the redundancy effect of multimedia learning theory (Mayer, 2014).


[image: image]

FIGURE 1. Problems solved and compared by participants and their respective ICL and ECL levels.


The ICL level is the same (low) for both problems A and C because the underlying principle is series circuit law. Problem C has a higher ECL compared to A since it also presents redundant textual information. Problems B and D have higher ICL compared to problems A and C, since the underlying physics principle for both these problems (B and D) is a combination of series and parallel circuit laws. Compared to problem B, problem D has a higher ECL since it presents redundant textual information as well.



Procedure

A group (different from Experiments 1 and 2) of N = 40 elementary education majors participated in this study. We first asked participants to solve the four problem tasks on a short physics quiz. After participants completed the quiz, they were shown three pairs of problems, that they had just solved juxtaposed with each other: Pair A–B, where both problems were manipulated to impose low ECL but different ICL (A < B); Pair A–C, where both problems were manipulated to impose low ICL, but different ECL (A < C); and Pair A–D, where the problems were manipulated to impose different ICL (A < D) and ECL (A < D).

Although there were six potential problem pairs, we chose these three pairs because they would allow us to probe the extent to which participants were able to discern differences in both ICL and ECL when only one of those two had been manipulated to be different (as in pairs A–B and A–C), and one in which both had been manipulated to be different (pair A–D).

Each of the eight items on our CL survey were presented to the participants, and then they were asked to answer a question like: “If you are asked to rate: “The topics covered on the physics question were very complex” on a scale from 1 (Not at all the case) to 9 (Completely the case)”, select from one of three options: (i) I would rate A is higher than C on the scale; (ii) I would rate A is the same as C on the scale; (iii) I would rate A is lower than C on the scale”. An example is shown in Figure 2.


[image: image]

FIGURE 2. Example of questions participants had to respond to during the cognitive load survey rating session.




Results

We collapsed the answers to the items on the survey targeting the same underlying construct and calculated the percentage of participants selecting each of the three options. The results can be found in Tables 4–6.


TABLE 4. Percentage of each option selected by participants for each aspect of cognitive load for (A,B) comparison.
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TABLE 5. Percentage of each option selected by participants for each aspect of cognitive load for (A,C) comparison.
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TABLE 6. Percentage of each option selected by participants for each aspect of cognitive load for (A,D) comparison.

[image: Table 6]
For problem pair (A, B) comparison, 56% of participants rated A and B as having the same ICL. Eighty-six (86%) of participants rate A and B have the same ECL, and 76% of participants rated that they devoted the same total energy when solving A and B. This means that participants did not perceive the combination of series and parallel circuits (Problem B) as more complicated than the simple series circuit (Problem A). They perceived no distracting information for both A and B. They perceived the same level of germane load for solving these two problems. Notice the percentage for GCL is not close to the percentage of ICL suggesting that GCL and ICL can be differentiated by the measurement.

For problem pair (A, C) comparison, 54% of participants rated A and C have the same ICL. 74% of participants rated A had less ECL than B. Sixty-three (63%) of participants rated the same level of germane load when solving A and C. This means that participants did realize that the A and C are investigating the same underlying principles. They also perceived more distracting information for A than C. Again, the percentage for GCL is not the close to the percentage of ICL suggesting that GCL and ICL can be differentiated by measurement.

For problem pair (A,D) comparison, most (56%) of participants rated A had lower ICL than D. Most (70%) of participants rated A had lower ECL than D, and most (50%) of participants rated the same germane load when solving A and D. This means that participants did realize that combination of series circuit and parallel law is more complicated than the simple series circuit law. They also perceived more distracting information for A than D. Again, the ratings for “A is the same as D” is different for items corresponding to ICL than items corresponding to GCL suggesting that ICL and GCL might be differentiated on a subjective survey.



Discussion

In general, experiment three results are consistent the three-component model of CLT (Sweller, 2010). Specifically, we found that for all problem pair comparisons, participants rated the GCL differently than the ICL, which is consistent with the notion that GCL and ICL should be independent constructs, even though GCL may not provide an independent source of CL as suggested by Sweller (2010) and Kalyuga (2011). In problem pairs with the same ECL level (e.g., A–B), indeed most participants (86%), as expected rated the ECL of the two problems to be the same. In problem pairs with different ECL levels (e.g., A–C and A–D), most participants rated C (74%) and D (70%) as imposing a higher ECL than A as expected. In problem pair (e.g., A–B), where both problems were manipulated to impose low ECL but different ICL levels (e.g., A < B), most participants (56%) rated the ICL level of A and B to be the same. However, in a problem pair (e.g., A–D) where problems were manipulated to impose different ECL (A < D) as well as different ICL (A < D), participants indeed rated A as imposing lower ICL than D. This result demonstrates participants’ perceived differences in ICL might depend on the levels of ECL. When ECL is high, they might have confused ECL with ICL as in the A–D comparison case. Given that these participants were students in an introductory physics class for elementary education majors and were unfamiliar with material before being exposed to it in the class, we can assume that they were low prior knowledge students. Therefore, this result seems to be consistent with the notion that participants may not be able to differentiate ICL from ECL when they have low prior knowledge. This result is consistent with the results for experiment two in this study as well as the theoretical formalism from Sweller (2010), and certainly calls for more research to further understand low prior knowledge learners’ ability to distinguish between changes in ICL and ECL.





GENERAL DISCUSSION

In this study, we developed an eight-item cognitive load (CL) survey measuring intrinsic load, extraneous load, and germane load of participants while taking a multiple-choice conceptual physics test. We conducted three experiments to validate the survey.

In the first experiment participants were asked to sort the items into groups according to the common theme. A vast majority of the participants sorted the items consistent with the CLT formalism. Namely, participants grouped items relevant to ICL together, items relevant to ECL together, and items relevant to GCL together. In follow-up interviews we found evidence that participants understand the items on the survey consistent with how ICL, ECL, and GCL were theorized in CLT (Sweller, 2010).

In the second experiment, we administered the CL survey both at the beginning and at the end of an instructional unit on electric circuits in a conceptual physics class for elementary education majors. A PCA revealed a two-component model when knowledge level was low (beginning of the unit) confirming what Sweller (2010) has proposed that low knowledge level participants might not differentiate relevant information from irrelevant information. All the items relevant to ICL and ECL loaded onto one component and all the items relevant to GCL loaded onto another component. A PCA revealed a three-component model when knowledge level was high (end of the teaching unit) confirming what Sweller (2010) has proposed that participants can differentiate relevant and irrelevant information at a high knowledge level. All the items relevant to ICL loaded onto one component; all the items relevant to ECL were loaded onto a second component; and all items relevant to GCL were loaded onto yet another component. This seems to indicate that this survey is better able to distinguish between ICL and ECL on a post-test rather than on a pretest.

In the third experiment, we asked participants to solve four physics problems of varying levels of ICL and ECL. Two of the four problems had the same ICL (low level), the other pair had the same ICL (high level). For each pair of problems with same level of ICL, one had low ECL, and the other had high ECL. After having solved the four problems, we asked participants to compare how they would rate the eight items on the CL survey differently when comparing selected pairs of problems. The results showed that most participants selected the option that they devoted the same amount of GCL to both problems in each of the compared pairs of problems. However, their ratings were not the same as on the items corresponding to ICL suggesting GCL and ICL can be measured separately, contrary to what the theoretical construct suggests (Kalyuga, 2011; Jiang and Kalyuga, 2020). When they were asked to compare a problem of high ECL with a problem of low ECL, they rated ECL as expected. When they were asked to compare a pair of problems of the same ICL, they rated the ICL as expected. When they were asked to compare two problems—one of high ICL with one of low ICL—when both problems had a low ECL, they rated the problems having the same ICL. However, when asked to compare two problems—one of high ICL and ECL with another of low ICL and ECL, they rated the problems as having different levels of ICL (A < D) which might indicate how participants perceive ICL depends on the existence of ECL. When ECL is high, they might have confused ECL with ICL. This seems to be consistent with the idea that participants may not be able to differentiate ICL from ECL when they have low prior knowledge as shown by experiment one in this study as well as the theoretical formalism from Sweller (2010). Overall, the results of the three experiments taken together provide clear evidence supporting the classic theoretical construct of CLT, i.e., a three-component construct (Sweller, 2010). These results also provide clear validation of the CL survey items.

Cognitive load theory proposes a multi-faceted construct of CL. Given the significance of CL in learning and instruction, the measurement of sub aspects of the load is important. This work will be beneficial to assessment designers who are interested in attending to the issues of CL in the design of assessment instruments. Our work adds to the existing literature by developing and adapting a subjective survey for measuring three aspects of CL.

Prior studies have not looked at if their CL survey/items were stable over the progression of students’ learning. This is an overlooked area in the CLT community. This work offers evidence supporting what Sweller (2010) has argued for a long time that students’ capability of differentiating ICL from ECL depends on their knowledge level. This is a challenge for CLT community if we want to measure the three types of CL reliably, we have to take the knowledge level of students into consideration. As for the proper use of the CL survey developed in this work, we suggest using it when students have developed certain level of knowledge. In terms of instruction, when instructors design questions, it usually happens post-instruction when students have already constructed a certain level of knowledge which is a good time for using the survey.
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