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Abstract 

 

This study aims to (1) describe the pre-test and post-test results of students with field dependent 

(FD) and field independent (FI) cognitive styles on Electronic Fuel Injection (EFI) material; 

(2) compare the post-test scores of the two groups; and (3) compare the changes in pre-test to 

post-test scores between groups. The individual scores of 68 grade X students of SMK PGRI 

3 Malang (34 FD and 34 FI) were analyzed using descriptive statistics, paired t-test, 

independent t-test, and Welch's t-test. For the first objective, the mean FD increased from 58.38 

(pre-test) to 74.71 (post-test), while the mean FI increased from 56.62 to 76.91. The mean 

increase for each group was 16.32 points on FD and 20.29 points on FI; both were statistically 

significant (p < 0.001). For the second objective, the FI post-test mean was 2.21 points higher 

than the FD, but the difference was not significant, t(66) = −0.75, p = 0.455, 95% CI [−8.06; 

3.65]. For the third objective, the FI mean increase was numerically 3.97 points greater than 

the FD, but the difference in increase between groups was also not significant, t(62.16) = −0.75, 

p = 0.458, 95% CI [−14.59; 6.65]. Descriptively, the FI showed higher final results and mean 

increase. 

 

Keywords: Electronic Fuel Injection; Cognitive Style; Field Dependent; Field Independent; 

Learning Outcomes. 

 

A. INTRODUCTION 

Vocational education is aimed at preparing students with the knowledge and skills 

relevant to their field of work. In automotive expertise programs, learning requires not only 

conceptual mastery but also the ability to understand the relationships between components 

and apply technical procedures correctly. Electronic Fuel Injection (EFI) is one topic that 

requires systematic understanding, as it covers the air system, fuel system, electronic system, 

injection system types, and component functions. Difficulty understanding these concepts can 

impact students' readiness to participate in practical learning and complete diagnostic tasks. 

Learning outcomes are one indicator of the achievement of learning objectives. These 

outcomes are formed through the interaction of various factors, including student 

characteristics, the learning environment, prior experiences, teaching strategies, and the nature 

of the material. Educational literature cited in the sources suggests that both internal and 

external factors are related to the learning process (Parni, 2017; Samsudin, 2020). Therefore, 

differences in learning outcomes should not be directly explained by a single factor without 

considering the research design and evidence. 

One of the individual characteristics discussed in educational research is field-

dependent and field-independent cognitive styles. Cognitive style refers to an individual's 

tendency to organize and process information. Field-dependent learners tend to pay more 
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attention to context and environmental cues, while field-independent learners tend to more 

easily separate pieces of information from the overall context and analyze them independently. 

These characteristics should not be understood as fixed ability labels or as a basis for limiting 

student learning opportunities, but as possible variations in information processing that need to 

be examined contextually. 

Previous studies listed in the source discuss the relationship between cognitive style 

and problem-solving and learning outcomes in mathematics and other academic fields. Mailili 

(2018), Sundari, Alghadari, and Arifannisa (2020), and Azahra and Subekti (2024) identify 

cognitive style as a relevant aspect for understanding variations in student performance. 

Giancola, D'Amico, and Palmiero (2023) also discuss the role of field-dependent/field-

independent cognitive styles in relation to working memory and divergent thinking. However, 

findings from other contexts do not necessarily apply to EFI learning in vocational high 

schools. 

In vocational learning, demonstrations can help students observe the sequence of 

procedures and the relationship between concepts and real objects or systems. Lectures can be 

used to deliver structured explanations, but their success depends on the quality of the 

explanation, student activity, supporting media, and the characteristics of the material. This 

study associates the FD group with demonstration learning and the FI group with lecture 

learning. However, because the source reports are not clear enough in separating the placement 

of cognitive style and learning method, the resulting comparison cannot definitively indicate 

whether differences in results stem from cognitive style, method, or a combination of the two. 

This issue is important to examine, prioritizing measurement and analysis accuracy. 

Pre-test scores reflect initial abilities, while post-test scores reflect achievement after a series 

of learning sessions. Comparisons of final scores between two groups should consider initial 

equivalence, while changes within the same group can be analyzed through the difference 

between pre-test and post-test scores. If individual data is available, testing can be conducted 

transparently, and results can be compared with reported summary statistics. 

This study aims to (1) describe the pre-test and post-test results of students with FD and 

FI cognitive styles on EFI material; (2) compare the post-test scores of the two groups; and (3) 

compare the changes in pre-test to post-test scores between groups. This focus maintains the 

core problem of the source research, while using the individual data listed to examine the 

inferential results. The contribution of this article lies in reporting results that can be traced 

back to the source scores and interpretations that take into account the limitations of the design. 

 

B. LITERATURE REVIEW 

1. Field dependent and Field Independent Cognitive Styles 

Cognitive style describes relatively stable tendencies in receiving, organizing, and 

processing information. In the field dependence–independence approach, the primary 

distinction relates to the extent to which individuals are influenced by the context surrounding 

information and the extent to which they can isolate specific elements from a complex 

background. FD learners tend to utilize external context, cues, and support; FI learners tend to 

use more focused and independent analysis. These differences represent tendencies, not grade 

categories or measures of intelligence. 

Previous research cited in the sources indicates that cognitive styles have been studied 

in mathematical problem solving, concept mastery, and divergent thinking (Asdar, 2015; 

Mailili, 2018; Nugraha & Awalliyah, 2016; Giancola et al., 2023). Azahra and Subekti (2024) 

examined mathematical problem-solving ability based on cognitive styles. This literature 

supports the relevance of questions about cognitive variation, but it is insufficient to establish 

that one style is always superior across all materials or methods. 
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2. Learning Outcomes on EFI Material 

The learning outcomes in this study were operationalized through a written test on EFI 

competency. The source grid included the differences between conventional/carburetor and 

injection gasoline fuel systems, EFI types, air systems, fuel systems, electronic systems, and 

the functions of EFI components. These six aspects indicate that mastery of the material 

involves conceptual knowledge of the system and component functions. Test scores provide an 

indicator of achievement in the material tested, but do not by themselves describe the full range 

of practical competencies, diagnostic abilities, or work performance in the workshop. 

Automotive learning can utilize a variety of strategies, including lectures and 

demonstrations. Lectures allow teachers to organize concepts and terms, while demonstrations 

provide opportunities to observe objects, work sequences, or technical processes. The choice 

of method should be based on learning objectives and evidence of achievement, not solely on 

the assumption that a particular method is appropriate for a particular cognitive type. In this 

study, methods and cognitive styles were reported intertwined, so interpretation of group 

differences should be cautious. 

 

3. Framework of Thought and Hypothesis 

The research framework positions FD and FI cognitive styles as distinguishing 

characteristics of the groups, EFI learning outcomes as outcomes, and demonstration and 

lecture methods as learning conditions mentioned in the sources. Analytically, differences in 

final scores and changes in scores can be compared. However, when learning methods are 

applied simultaneously with cognitive style categories without a factorial design or adequate 

controls, the contribution of each factor cannot be identified separately. 

Final score comparison hypothesis: H0 states that there is no difference in the mean 

post-test scores between the FD and FI groups; Ha states that there is a difference in the mean 

post-test scores between the two groups. Additional analysis of score changes tested whether 

the mean increase in the FD group was different from the mean increase in the FI group. 

 

C. METHOD 

The source stated that the study used a quasi-experimental approach with a 

Nonequivalent Control Group Design. The study was conducted at SMK PGRI 3 Malang on 

10th grade students, with data collection reportedly starting on February 20, 2025, and lasting 

approximately two weeks. The source identified two classes, namely 1 JEC and 1 DEC, each 

with 34 students. In each class, there were 17 students classified as FD and 17 as FI, so the 

total data listed was 68 students: 34 FD and 34 FI. 

Table 1. Composition Of Participants Based on Class and Cognitive Style 

Class Number of students FD FI 

1 JEC 34 17 17 

1 DEC 34 17 17 

Total 68 34 34 

The outcome variable was the written test score for the EFI material. Cognitive style 

grouping was conducted using the Group Embedded Figures Test (GEFT), as mentioned in the 

source data collection section. The source also describes the use of the demonstration method 

in the FD group and the lecture method in the FI group. Because details of implementation per 

class, the order of treatment, the duration of each method, and the way students were placed 

were not fully and consistently reported, this article does not add procedural details that were 

not available. 

The procedures identifiable from the sources include initial measurements (pre-test), 

learning on EFI material, and final measurements (post-test). The test covers six competency 

indicators: (1) differences between carburetor and EFI systems; (2) EFI types; (3) air systems; 
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(4) fuel systems; (5) electronic systems; and (6) EFI component functions. Individual pre-test 

and post-test scores are available in two source data tables and form the basis for statistical 

recalculations in this article. 

The learning outcome instrument is a written test on the EFI. The source lists a grid of 

20 items across six indicators, but information on the final number of items analyzed, a detailed 

scoring rubric, evidence of validity, and reliability of the instrument is not adequately reported 

in the auditable results section. Therefore, the article maintains the listed scores without making 

any new claims regarding the instrument's psychometric quality. 

Data were analyzed from individual scores listed in the data tables for grades 1 JEC and 

1 DEC. Each pre-test score was matched with the post-test score for the same student in the 

source table. Student names are not reproduced in the article; the analysis uses group numerical 

values. Recalculations were performed to obtain descriptive statistics, paired t-tests within each 

group, independent t-tests on the pre-test and post-test, and comparisons of score changes 

between groups. 

Descriptive statistics include the number of participants, mean, standard deviation, 

minimum, and maximum values. The mean is calculated using the following equation. 

 
Figure 1. Average score formula 

The sample standard deviation is calculated to describe the variation in scores around the mean. 

 
Figure 2. Sample standard deviation formula 

To assess changes in scores for the same participant, the individual difference D_i = 

X_post,i − X_pre,i is calculated, and then a paired t-test is performed. The test statistic is 

determined by the mean of the difference, the standard deviation of the difference, and the 

number of complete pairs. 

 
Figure 3. Paired t-test formula 

The 95% confidence interval for the mean difference is calculated as the mean 

difference plus or minus the critical value of the t-distribution multiplied by the standard error. 

The effect size of the change in the group is calculated using d_z, which is the mean difference 

divided by the standard deviation of the difference. 

 
Figure 4. 95% confidence interval formula for the mean difference. 

 
Figure 5. Pairwise effect size formula d_z 

To compare the means of two independent groups, an independent t-test was used, 

assuming equal variances, as in the approach used in the source. The t-test on post-test scores 

examines differences in final scores, while the t-test on pre-test scores provides an overview of 

differences in baseline conditions. Comparisons of score changes between groups were 

performed using a Welch t-test on difference scores because the standard deviations of the 

changes between the two groups differed. All tests used a significance level of 0.05. P-values 
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are interpreted as statistical evidence within the framework of the test model, not as effect sizes 

or causal evidence. 

 
Figure 6. Independent t-test formula assuming equal variances. 

 

D. RESULT AND DISCUSSION 

Based on the individual scores listed in the source table, each group consisted of 34 

students. The FD group obtained a pre-test mean of 58.38 and a post-test mean of 74.71. The 

FI group obtained a pre-test mean of 56.62 and a post-test mean of 76.91. Thus, the FI post-

test mean was slightly higher than the FD, while an increase in the mean from pre-test to post-

test was seen in both groups. 

Table 2. Descriptive Statistics of Pre-Test and Post-Test Scores Based on Cognitive Style 

Group Measurement n Average SD Min. Max. 

Field dependent Pre-test 34 58.38 16.91 25 95 

Field dependent Post-test 34 74.71 13.42 50 100 

Field independent Pre-test 34 56.62 16.50 15 90 

Field independent Post-test 34 76.91 10:59 55 100 

A change in the mean doesn't necessarily mean every student improved. In the FD 

group, individual scores decreased, so the group mean doesn't reflect the overall pattern. 

Therefore, change needs to be analyzed using paired scores, not simply by comparing two 

means separately. 

Table 3. Changes in Paired Scores in Each Group 

Group n Δ average IK 95% t statistics p d_z 

Field dependent 34 16.32 7.78 to 24.86 t(33) = 3.89 0.00046 0.67 

Field independent 34 20.29 13.67 to 26.92 t(33) = 6.23 4.88e-07 1.07 

Paired t-tests calculated from individual scores showed mean increases in both groups. 

For FD, the mean increase was 16.32 points, 95% CI [7.78; 24.86], t(33) = 3.89, p < 0.001, d_z 

= 0.67. For FI, the mean increase was 20.29 points, 95% CI [13.67; 26.92], t(33) = 6.23, p < 

0.001, d_z = 1.07. These results indicate that post-learning scores were higher than initial 

scores in each group. However, within-group tests do not in themselves prove that a particular 

learning method is superior to another. 

Table 4. Independent T-Test on Pre-Test and Post-Test Scores 

Measurement Contrast Average 

Difference 

Test 

Statistics 

p IK 95% 

Difference 

Pre-test FD − FI 1.76 t(66) = 0.44 0.665 -6.33 to 9.85 

Post-test FD − FI -2.21 t(66) = -0.75 0.455 -8.06 to 3.65 

At pre-test, the mean difference in FD−FI was 1.76 points and was not significant, t(66) 

= 0.44, p = 0.665. The 95% confidence interval for the mean difference includes zero. At post-

test, the mean difference in FD−FI was −2.21 points, meaning the mean FI was approximately 

2.21 points higher; this difference was not statistically significant, t(66) = −0.75, p = 0.455, 

95% CI [−8.06; 3.65]. Therefore, the available individual data do not provide statistical 

evidence that mean post-test scores differed between the FD and FI groups. 

Table 5. Comparison of score increases between groups 

Contrast of Change Difference 

in Increase 

in FD−FI 

Test Statistics p IK 95% 

Post-test score minus pre-test -3.97 t(62.16) = -0.75 0.458 -14.59 to 6.65 
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The difference in mean increase in FD−FI was −3.97 points, meaning the mean increase 

in FI was numerically greater. However, this difference in increase was not significant, t(62.16) 

= −0.75, p = 0.458, 95% CI [−14.59; 6.65]. Because the confidence interval includes zero and 

the p-value is greater than 0.05, these data do not support the conclusion that the change in 

learning outcomes was statistically different between the two groups. 

The main finding of this study indicates that the field independent (FI) group obtained 

a higher post-test mean than the field dependent (FD) group, namely 76.91 compared to 74.71. 

This difference of 2.21 points is not statistically significant, t(66) = −0.75, p = 0.455, 95% CI 

[−8.06; 3.65]. Therefore, the results only support the descriptive conclusion that the final score 

of the FI is higher, not that the FI is statistically proven superior. The confidence interval that 

includes zero indicates that the estimate of the difference is still imprecise and the data do not 

rule out the possibility that the population difference is small or in the opposite direction. 

Interpretation of the results should consider the effect estimate, confidence interval, study 

context, and p-value together, rather than using the significance threshold as the sole basis for 

decisions (Wasserstein & Lazar, 2016). 

For the first objective, both groups experienced mean increases from pre-test to post-

test. The FD group increased by 16.32 points, while the FI group increased by 20.29 points; 

paired t-tests indicated that each increase was statistically different from zero (both p < 0.001). 

However, paired t-tests address whether scores within each group changed, not whether the FI 

group's change was greater than that of the FD group. Therefore, significant results in both 

groups cannot be used alone to assert superiority over one group or method. Furthermore, 

without adequate comparison groups and clear documentation of treatment implementation, 

score increases cannot be fully attributed to one instructional method. Quasi-experimental 

designs require caution regarding baseline differences, class grouping, and alternative 

explanations for changes in outcomes (Kim & Steiner, 2016). 

For the third objective, the mean gain for FI was 3.97 points greater than for FD, but a 

direct test of the difference in change was not significant, t(62.16) = −0.75, p = 0.458, 95% CI 

[−14.59; 6.65]. This result is important because comparing gains between groups directly tests 

whether the changes in scores differ. Therefore, the available data do not provide sufficient 

evidence that the gains in FI learning outcomes were statistically greater than those for FD. 

The wide confidence intervals also indicate uncertainty about the magnitude of the possible 

differences. Future research should report estimates of differences along with appropriate 

confidence intervals and effect sizes to allow readers to assess the direction, magnitude, and 

precision of the findings (Lakens, 2013; Wasserstein & Lazar, 2016). 

This pattern of results can be compared with the study by Ubuza and Aydınyerb (2019), 

which examined project-based geometry learning in students with different cognitive styles. 

That study found a significant effect of time on achievement, but no significant main effect of 

cognitive style after controlling for related factors. This similarity in patterns suggests that 

improvements during learning are not always accompanied by significant differences between 

cognitive style categories. However, that study took place on different geometry materials and 

in different school contexts, and therefore cannot be treated as direct evidence of EFI 

competence. These findings are more appropriate to support caution in interpreting cognitive 

style as the sole determinant of learning outcomes. 

Xie et al.'s (2025) meta-analysis, compiling 42 studies, reported a positive relationship 

between the field dependence–independence cognitive style and academic achievement, but 

also found that the strength of the relationship varied by measurement instrument, subject area, 

and type of academic achievement. The EFI study's findings do not necessarily contradict that 

meta-analysis. Meta-analyses estimate average patterns across studies, whereas this study 

compared two groups in a single learning context and used specific test scores. Furthermore, 

the meta-analysis primarily included elementary and junior high school students; 



 

ARTIKEL 

AKSELERASI: Jurnal Ilmiah Nasional Vol. 8 No. 1 Tahun 2026                     158  

generalizations to vocational high school students and automotive technical competencies 

should be made with caution. Afifah and Nafi'an's (2019) systematic review of statistical 

problem understanding based on cognitive style also emphasized that differences in 

comprehension processes need to be examined in specific tasks and contexts, rather than 

assumed to apply uniformly to all fields. 

From a vocational education perspective, these results do not support rigidly classifying 

students or assigning learning methods solely based on FD/FI labels. EFI material encompasses 

mastery of component terms and functions, understanding the relationships between sensors 

and actuators, and applying knowledge to examination and diagnostic procedures. Learning 

needs may vary depending on the task at hand; therefore, verbal explanations, system diagrams, 

demonstrations, structured exercises, and problem-solving can be combined based on 

competency objectives and formative assessment evidence. These recommendations represent 

plausible pedagogical implications, not effects directly tested by this study's data. To conclude 

that a method is more appropriate for FD or FI students, research would need to examine the 

interaction between cognitive style and method with both student categories represented in 

each learning condition. 

The most significant limitation is the unclear relationship between class, cognitive style, 

and learning method in the source report. The source mentions two classes with equal numbers 

of participants and associates FD with demonstration and FI with lecture, but the allocation and 

implementation details are insufficient to determine whether the methods were applied to class, 

cognitive style category, or a combination of both. If these factors are intertwined, their 

respective effects cannot be isolated. Further research should assign FD and FI students to each 

method condition, document equivalence in initial ability and learning implementation, and 

use analyses appropriate to the data structure. These considerations align with the principles of 

quasi-experimental evaluation, which require accounting for potential selection bias and 

confounding factors before drawing causal conclusions (Kim & Steiner, 2016). 

The quality of inferences is also limited by incomplete instrument information. The 

report mentions the Group Embedded Figures Test (GEFT) and the EFI learning outcome test, 

but fails to adequately describe the FD/FI classification thresholds, the distribution of GEFT 

scores, the number of final items, the scoring procedure, and evidence of the validity and 

reliability of the EFI test in the sample. This lack of information does not necessarily invalidate 

the instrument, but it does reduce the reader's ability to evaluate measurement accuracy and 

replicate the study. Future studies should report the administration and classification 

procedures of the GEFT, the measurement quality of the EFI test, the duration and content of 

each learning condition, and the anonymized data and analysis syntax. Transparent reporting 

would strengthen the interpretation of the results and facilitate comparison with previous 

research. 

Overall, the results of the study answered all three objectives by showing that scores 

increased in both groups, with FI having a higher post-test mean and a higher mean increase 

descriptively, but neither the post-test difference (p = 0.455) nor the difference in score increase 

(p = 0.458) were significant. Therefore, there is insufficient statistical evidence to state that FI 

is superior to FD in EFI learning outcomes. This conclusion is limited to the test scores 

analyzed and does not prove the equivalence of the two groups or the irrelevance of cognitive 

styles in other contexts. The contribution of the study lies in presenting results recalculated 

from individual scores and in emphasizing the need for more transparent designs to separate 

the relationships between cognitive styles, learning methods, and learning outcomes. 
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E. CONCLUSION 

Based on the analysis results, both groups showed an increase in EFI learning outcomes 

from pre-test to post-test. The field dependent (FD) group experienced an average increase of 

16.32 points, from 58.38 to 74.71, with a significant paired t-test result, t(33) = 3.89, p < 0.001. 

Meanwhile, the field independent (FI) group experienced an average increase of 20.29 points, 

from 56.62 to 76.91, which was also significant, t(33) = 6.23, p < 0.001. Descriptively, the FI 

group showed a greater average increase than the FD group. In the post-test score comparison, 

the FI group obtained an average of 76.91, 2.21 points higher than the FD group which obtained 

an average of 74.71. However, the difference was not statistically significant, t(66) = −0.75, p 

= 0.455, 95% CI [−8.06; 3.65]. This result indicates that the FI group had a higher final score 

numerically, but there is not yet sufficient statistical evidence to state that the learning 

outcomes of the two groups are different. In line with this, a comparison of score changes 

shows that the mean increase in the FI group was 3.97 points greater than the FD group. 

However, the difference in increase was also not statistically significant, t(62.16) = −0.75, p = 

0.458, 95% CI [−14.59; 6.65]. Thus, based on the three research objectives, it can be concluded 

that both groups experienced an increase in learning outcomes, while the FI group showed 

higher final achievement and mean increase descriptively. 
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