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 Abstract  

This study aims to analyze the effect of the Collaborative Constructive 

approach on the quality of students’ mental models in the topic of the 

male reproductive system. The study employed a mixed-methods 

approach with an embedded experimental design and a quasi-

experimental pretest-posttest control group design. The research sample 

consisted of 73 eleventh-grade students at a public senior high school in 

Cirebon City, with 37 students assigned to the experimental class and 

36 students to the control class. The experimental class participated in 

Collaborative Constructive learning through worksheet exploration, 

group discussion, completion of incomplete concept maps, 

presentations, and concept clarification, whereas the control class 

received teacher-centered instruction. The research instrument was an 

open-ended essay test assessing the aspects of content, prediction, 

explanation, and drawing. The data were analyzed using normalized 

gain scores, the Mann-Whitney test, and qualitative analysis of changes 

in students’ responses. The results showed that the experimental class 

obtained a normalized gain score of 0.74, which falls into the high 

category, while the control class obtained a score of 0.51, categorized 

as moderate. The Mann-Whitney test indicated a significant difference 

in the improvement of mental models between the two classes. 

Qualitatively, the experimental class demonstrated a more directed shift 

in mental models toward scientific understanding, particularly in the 

aspects of content, prediction, and explanation, although the visual 

representation aspect still requires further reinforcement. These 

findings indicate that the Collaborative Constructive approach can 

support the reconstruction of students’ mental models in abstract and 

complex biological topics. 

Introduction 

A meaningful understanding of biological concepts is not reflected merely in students’ ability 

to recall factual information, but also in their capacity to construct mental models that allow 

them to explain biological phenomena scientifically (Johnson et al., 2026; Sanchez et al., 2026; 

Vergara et al., 2026). Mental models serve as cognitive representations through which students 

interpret, predict, and explain phenomena based on their existing conceptual knowledge 

(Johnson-Laird, 1983). Since mental models are internal constructs, students’ understanding 

must be elicited through external representations, such as written responses, drawings, or 

concept maps (Hamdiyati et al., 2018). This is particularly important in biology learning, where 

many concepts require students to coherently connect biological structures, functions, 

processes, and mechanisms. 

One topic that demands such an integrated understanding is the human reproductive system, 

particularly the male reproductive system (Stavros et al., 2025; Antinozzi et al., 2025). This 
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topic encompasses the anatomy of reproductive organs, sperm transport pathways, 

spermatogenesis, and reproductive disorders, most of which are not directly observable (Lata 

& Hajam, 2026). Its abstract and complex nature makes students susceptible to fragmented 

understanding, misconceptions, or even a Blank Mental Model (BMM), a condition in which 

students are unable to develop meaningful conceptual representations. Wahyuni et al. (2019) 

reported that students often struggle to understand the human reproductive system due to the 

large number of scientific terms, the abstract nature of the concepts, monotonous instruction, 

and limited access to learning resources. Similar findings were reported by Salsabilla and Melta 

(2024), who identified misconceptions among senior high school students across several 

subconcepts of human reproduction. 

The limited quality of students’ mental models in learning the reproductive system represents 

an important pedagogical issue, as students are expected not only to recognize organ names or 

biological terminology, but also to understand the relationships among structure, function, 

process, and the consequences of reproductive disorders in a scientific manner (Lin et al., 2025; 

Zhang et al., 2025). Incomplete mental models may hinder students’ ability to explain 

biological mechanisms coherently (Seel, 2017). However, previous studies have largely 

focused on measuring learning outcomes, examining learning difficulties, or identifying 

misconceptions, while relatively few have specifically investigated changes in students’ mental 

models following a learning intervention. Moreover, studies that integrate diagnostic mental 

model mapping with instructional strategies designed to reconstruct students’ understanding of 

the male reproductive system at the senior high school level remain limited (Baharuddin & 

Umar, 2026; Dong et al., 2026; Neway, 2026).  

One instructional approach that may address this issue is Collaborative Constructive learning. 

Rooted in social constructivism, this approach positions student interaction as a medium for 

constructing, testing, and revising understanding through discussion, argumentation, and 

scaffolding within the Zone of Proximal Development (ZPD) (Eun, 2017). In this study, 

Collaborative Constructive learning was implemented through student worksheet exploration, 

group discussions, the completion of partially developed concept maps, and presentations of 

group discussion results (Shetty et al., 2025; Sholihah et al., 2025; Chiu & Hwang, 2026).  

These activities provided students with opportunities to organize their knowledge, identify 

conceptual inaccuracies, and communicate their representations of thinking more explicitly. 

The use of concept maps further supported students in recognizing relationships among 

concepts, enabling their understanding to move beyond factual memorization toward more 

structured mental models (Novak & Gowin, 1984). 

Based on these research gaps, this study aims to analyze the effect of implementing 

Collaborative Constructive learning on the quality of eleventh-grade students’ mental models 

in the topic of the male reproductive system. The novelty of this study lies in its use of mental 

models as the primary indicator of learning success through the diagnostic framework of 

Content, Prediction, Explanation, and Drawing (C-P-E-D), adapted from Kurnaz and Eksi 

(2015). This framework enables students’ understanding to be mapped not only in terms of 

content mastery, but also in relation to their ability to predict, explain, and visually represent 

biological concepts. Accordingly, this study hypothesizes that students who participate in 

Collaborative Constructive learning will demonstrate greater improvement in the quality of 

their mental models than those who receive teacher-centered instruction (Sunarto, 2025; 

Rachman et al., 2026; Lin & Hung, 2026).  
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Methods 

Research Design 

This study employed a mixed-methods approach using an embedded experimental design. This 

design was adopted because the primary aim of the study was to test a causal effect of the 

Collaborative Constructive approach, which required quantitative comparison as the main 

framework, while qualitative data were embedded within this framework to explain the 

mechanisms underlying the quantitative findings rather than to stand as an independent line of 

inquiry. Quantitative data were used to examine differences in the improvement of students’ 

mental models between the experimental and control classes, while qualitative data were used 

to describe patterns of change in students’ responses based on mental model categories.  

Specifically, the qualitative data were derived from the same open-ended instrument used for 

the quantitative analysis, in the form of students' response patterns and their shifts across mental 

model levels at the pretest, practice, and posttest stages. These qualitative patterns were used 

to illustrate which specific aspects content, prediction, explanation, or drawing accounted for 

the numerical differences identified through the N-Gain and Mann-Whitney analyses, so that 

the qualitative findings served to support and contextualize, rather than parallel, the 

quantitative results. Quantitatively, this study adopted a quasi-experimental design with a 

pretest-posttest control group design. This design was selected because the study was 

conducted in pre-existing classes, making individual randomization impractical. 

Population and Sample 

The study was conducted among eleventh-grade students at a public senior high school in 

Cirebon City. The sample was selected using purposive sampling by considering similarities 

in grade level, curriculum, learning material, and the willingness of the school and teachers to 

participate in the study. Class selection was based on the recommendation of the biology 

teacher, who considered class characteristics, students' prior daily test results, and the 

suitability of the class's academic track with a biology-focused learning emphasis. Following 

this recommendation, Class XI C2 was designated as the experimental class and Class XI C1 

as the control class. The sample consisted of 73 students, comprising 37 students in the 

experimental class and 36 students in the control class. All students enrolled in both classes 

participated from the beginning to the end of the study; no students were excluded or absent 

during the pretest, learning intervention, or posttest, so that the number of participants remained 

unchanged throughout. The equivalence of initial conditions between the two classes was 

considered based on the teacher's recommendation, students' prior daily test results, and their 

pretest scores, so that differences in the final outcomes could be more confidently attributed to 

the learning intervention rather than to pre-existing differences in students' initial ability. 

Learning Process 

Both classes were taught by the same biology teacher, so that differences in learning outcomes 

could be attributed to the instructional approach rather than to differences between teachers. 

The two classes received the same learning material and were allocated the same amount of 

instructional time, so that the only difference between them was the instructional approach 

applied. The experimental class received instruction using the Collaborative Constructive 

approach, whereas the control class received teacher-centered instruction. The learning 

materials covered three subtopics of the male reproductive system, namely the anatomy of 

reproductive organs, sperm transport pathways, and disorders of the reproductive system. The 

learning process was carried out over three meetings conducted in April 2026, with each 

meeting lasting approximately two lesson periods followed by one additional lesson period, 
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adjusted to the school's scheduling. In the experimental class, learning activities were carried 

out through student worksheet exploration, group discussions, the completion of partially 

developed concept maps, presentations of discussion results, and concept clarification by the 

teacher. In the experimental class, the worksheet (LKPD) consisted of five open-ended essay 

items; several items included sub-questions (e.g., parts a and b) designed to help students 

develop their answers progressively. Students worked in groups to answer the worksheet items 

and subsequently completed a partially developed concept map, in which some parts of the 

concept relationships were already provided as scaffolding to help students complete the 

remaining sections. Each group then presented their discussion results, followed by a question-

and-answer session and responses from other students. At the end of each meeting, the teacher 

provided concept clarification by correcting misconceptions, completing incomplete answers, 

and displaying a PowerPoint presentation to reinforce the concepts discussed during the 

presentation session. Throughout this process, the teacher acted as a facilitator and co-

researcher, while the researcher was involved in implementing the lesson, observing the 

learning process, collecting data, and documenting research activities. In the control class, 

learning was conducted through teacher explanation, question-and-answer sessions, note-

taking, and practice exercises, without the use of partially developed concept maps or 

structured collaborative discussion. 

Research Instrument 

The research instrument was an open-ended essay test developed based on the mental model 

aspects of Content, Prediction, Explanation, and Drawing (C-P-E-D), adapted from Kurnaz and 

Eksi (2015). The Content aspect was used to measure students’ mastery of factual concepts, 

Prediction to assess their ability to anticipate the effects of a biological condition, Explanation 

to evaluate the scientific reasoning underlying their predictions, and Drawing to assess their 

ability to visually represent concepts. Each aspect (C, P, E, D) was scored using a three-point 

rubric: a score of 0 was given when a student left the item blank; a score of 1 was given for an 

incorrect or incomplete response (e.g., an inaccurate prediction, a weak explanation that merely 

restated the question, or a drawing containing conceptual errors); and a score of 2 was given 

for a fully correct response reflecting accurate scientific understanding. The initial instrument 

consisted of six sets of open-ended essay questions. Each set contained four question 

components based on the C-P-E-D aspects, allowing students’ responses to be analyzed in 

terms of content, prediction, explanation, and visual representation. Instrument validity was 

tested using Pearson Product-Moment correlation with the assistance of SPSS Statistics 25. 

The results of the instrument testing indicated that five sets of questions were valid, while one 

set was revised. In the implementation of the study, three sets of questions were used as the 

pretest and posttest instruments in accordance with the indicator coverage of the three 

subtopics. Instrument reliability was tested using Cronbach’s alpha and yielded a coefficient 

of 0.938, indicating that the instrument had very high reliability. 

To illustrate how individual responses were translated into mental model levels, a student who 

obtained a score profile of C = 2, P = 2, E = 1, D = 0 correct content and prediction, but a weak 

explanation and no drawing was classified as a Predictive-Content Mental Model (PCMM). 

Profiles in which all four aspects were scored 2 were classified as the Scientifically Accepted 

Mental Model (SAMM), whereas profiles in which all four aspects were scored 0 were 

classified as the Blank Mental Model (BMM). 

Data Analysis 

To formulate the quality of students’ understanding, student profiles were represented in a one-

dimensional matrix, MM = [C, P, E, D]. Each aspect in the matrix was scored as 0 if no response 
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was provided, 1 for an incorrect or incomplete response, and 2 for a correct response. Based 

on the combination of these scores, cognitive profiles were classified into six hierarchical 

levels. Level 1 represented the Scientifically Accepted Mental Model (SAMM), indicating 

fully scientific understanding across all aspects. Levels 2 to 4 were categorized as Hybrid 

Mental Models, with different proportions of correct aspects: Level 2 indicated three correct 

aspects, Level 3 indicated two correct aspects, and Level 4 indicated one correct aspect. Level 

5 represented the Unscientifically Accepted Mental Model (USAMM), indicating 

understanding that was inconsistent with scientific concepts, while Level 6 represented the 

Blank Mental Model (BMM), assigned when students had no identifiable mental model 

(Kurnaz & Eksi, 2015). 

Data processing began with the scoring and coding of students’ responses. The shift in students’ 

profiles from pretest to posttest was then analyzed descriptively to determine the percentage 

distribution of understanding in each group. Subsequently, students' improvement in each class 

was quantified using the normalized gain (N-Gain) score, calculated as N-Gain = (Posttest 

score − Pretest score) / (Maximum possible score − Pretest score) (Hake, 1998), with resulting 

scores categorized as high (N-Gain > 0.7), moderate (0.3 ≤ N-Gain ≤ 0.7), or low (N-Gain < 

0.3). Prior to hypothesis testing, the N-Gain scores were tested for normality using the Shapiro-

Wilk test and for homogeneity of variance using Levene's test. Because the N-Gain scores were 

not normally distributed, the non-parametric Mann-Whitney U test was applied to the N-Gain 

scores rather than to the raw posttest scores to examine whether the improvement in mental 

model quality differed significantly between the experimental and control classes, using a 

significance level of α = 0.05. The magnitude of this difference was further quantified using 

the effect size r, calculated as r = Z / √N, where Z is the standardized test statistic from the 

Mann-Whitney U test and N is the total sample size. This quantitative analysis was 

complemented by qualitative analysis to identify patterns of misconceptions that continued to 

emerge during the learning process. In addition to pretest and posttest data, students’ responses 

during the practice stage were also analyzed descriptively to examine the process of mental 

model shifts throughout the learning activities. 

Ethical Considerations 

This study obtained formal research permits from the university and from the school where the 

research was conducted. Informal permission was also obtained from the biology teacher, given 

that formal permission had already been granted by the school. Prior to the administration of 

the pre-test and post-test, students were given an explanation of the purpose of the activity, the 

procedures involved, and the use of their data for research purposes; students' agreement to 

participate was obtained verbally prior to each data collection activity. To protect students' 

privacy, all student data were anonymized using participant codes, so that no personally 

identifiable information was disclosed in the article or in the data analysis.. 

Results and Discussion 

This study conducted hypothesis testing to determine the effect of the Collaborative 

Constructive approach on the improvement of students’ mental models in the topic of the male 

reproductive system. The results of the assumption tests showed that the data were not normally 

distributed but had homogeneous variances. Descriptively, the experimental class obtained a 

pretest mean of 4.30 (SD = 3.49, median = 4.00, range = 0–20) and a posttest mean of 19.19 

(SD = 4.14, median = 21.00, range = 5–24), while the control class obtained a pretest mean of 

3.42 (SD = 3.43, median = 3.00, range = 0–12) and a posttest mean of 13.97 (SD = 5.46, median 

= 14.50, range = 1–22). The Shapiro-Wilk test indicated that the posttest scores of the 

experimental class were not normally distributed (W = .798, p < .001), whereas those of the 
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control class approximated a normal distribution (W = .950, p = .107); the N-Gain scores 

followed the same pattern, being non-normally distributed in the experimental class (W = .756, 

p < .001) but normally distributed in the control class (W = .962, p = .250). Levene's test 

indicated that the variances of the pretest (F = 0.98, p = .327), posttest (F = 3.79, p = .056), and 

N-Gain scores (F = 0.27, p = .604) were homogeneous between the two classes. Therefore, the 

analysis of differences in students’ mental model improvement was continued using the non-

parametric Mann-Whitney U test. 

Table 1. Mann-Whitney U Test 

Data Kelas N 
Mean 

Rank 

Sum of 

Ranks 
U Z 

p-

value 
Interpretation 

Mental 

Model 

Experimental 37 47.45 1755.50 279.5 
-

4.267 p < 

0.001 

There was a 

significant 

difference in 

improvement 
Control 36 26.26 945.50   

The results of the Mann-Whitney U test presented in Table 1 indicate a significant difference 

in the improvement of mental model quality between the experimental and control classes. 

Table 2. N-Gain Test 

Kelas N-Gain Interpretation 

Experimental 0.74 High 

Control 0.51 Moderate 

Based on Table 2, the N-Gain score of students’ mental models in the experimental class was 

categorized as high, while that of the control class was categorized as moderate 

 

Figure 1. Mental Models in the Reproductive 

Organ Subtopic in the Experimental Class 

 

Figure 2. Mental Models in the Reproductive 

Organ Subtopic in the Control Class 

Based on Figure 1 and Figure 2, students’ initial understanding of the reproductive organ 

subtopic in both classes was still dominated by partial mental models, particularly at Level 3 

and Level 4 (pretest: Level 3 = 48.6% and Level 4 = 21.6% in the experimental class; Level 4 

= 52.8% and Level 6 = 30.6% in the control class). During the practice stage, the experimental 

class began to shift toward more scientific levels of mental models, whereas the control class 

still showed a more varied distribution of understanding. In the posttest, the experimental class 

was dominated by Level 2, namely the Non-Drawing Mental Model (NDMM), while several 

students in the control class remained at lower levels of mental models (posttest: Level 2 = 

59.5% in the experimental class vs. 47.2% in the control class; Levels 4–6 combined = 24.8% 

in the control class vs. 5.4% in the experimental class). This pattern indicates that students in 
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the experimental class were better able to develop conceptual and causal understanding, 

although their visual representation of anatomy was not yet fully optimal. 

In contrast, the development of mental models in the control class tended to be more limited 

because teacher-centered instruction placed greater emphasis on the reception of information 

from the teacher. This condition may lead students to recognize reproductive organs as separate 

components without being able to fully relate them to their functions and biological 

consequences. This is consistent with the view that physiological understanding requires the 

ability to connect structure, process, and function, rather than merely recalling components 

separately (Lira & Gardner, 2020). The dominance of NDMM in the experimental class also 

confirms that students’ verbal ability to explain concepts was not yet fully accompanied by 

their ability to depict anatomical structures accurately. Therefore, learning about reproductive 

organs still needs to be strengthened through visual representation exercises, as students’ 

drawings can reveal gaps in understanding that may not always be evident in verbal responses 

(Walton, 2023). 

 

Figure 3. Mental Models in the Sperm Pathway 

Subtopic in the Experimental Class 

 

Figure 4. Mental Models in the Sperm Pathway 

Subtopic in the Control Class 

Based on Figure 3 and Figure 4, students’ initial understanding of the sperm pathway subtopic 

in both classes was still dominated by Level 6, or the Blank Mental Model (BMM) (pretest: 

Level 6 = 78.4% in the experimental class and 69.4% in the control class). This condition 

indicates that students did not yet have adequate conceptual representations of the sperm 

pathway as a sequential biological process. During the practice stage, the experimental class 

began to shift toward the Hybrid Mental Model category, particularly Level 2 and Level 3, 

whereas the control class remained dominated by partial mental models. In the posttest, the 

experimental class was dominated by Level 1, or the Scientifically Accepted Mental Model 

(SAMM), while the control class remained distributed across several levels of mental models. 

In contrast, the distribution of mental models in the control class suggests that teacher-centered 

instruction had not fully helped students integrate structure, process, and function in the sperm 

pathway. Students may recognize several organs through which sperm passes, but still have 

difficulty explaining the mechanistic relationships among them, such as why cutting the vas 

deferens during vasectomy prevents sperm from being released without stopping sperm 

production in the testes. This type of understanding requires connections among structural 

components, mechanisms of action, and resulting functions, as explained in the structure-

behavior-function framework (Gregorcic & Torkar, 2022). In this context, concept maps serve 

as cognitive tools because they help students organize concepts visually and relationally. The 

meta-analysis by Anastasiou et al. (2024) also showed that concept maps are effective in 

improving science learning achievement because they help students arrange information into a 

more organized knowledge structure. Thus, the findings on the sperm pathway subtopic 
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indicate that Collaborative Constructive learning more strongly supports the formation of 

scientific mental models by providing space for concept construction, pathway visualization, 

and revision of understanding through social interaction. 

Figure 5. Mental Models in the Reproductive 

Disorder Subtopic in the Experimental Class 
Figure 6. Mental Models in the Reproductive 

Disorder Subtopic in the Control Class 

Based on Figure 5 and Figure 6, students’ initial understanding of the reproductive disorder 

subtopic in both classes was dominated by Level 6, or the Blank Mental Model (BMM) (pre-

test: Level 6 = 83.8% in the experimental class and 86.1% in the control class). This condition 

reflects that students did not yet have adequate conceptual representations to explain disorders 

of the male reproductive system. During the practice stage, the experimental class began to 

shift toward Level 2, or the Non-Drawing Mental Model (NDMM), and Level 3 as part of the 

Hybrid Mental Model category, while the control class remained dominated by BMM. In the 

posttest, the experimental class was still dominated by Level 2 and Level 3 and began to show 

achievement at Level 1, or the Scientifically Accepted Mental Model (SAMM). In contrast, the 

control class still showed a dominance of BMM and did not reach Level 1 (posttest: Level 2 = 

43.2% and Level 3 = 32.4% in the experimental class vs. Level 2 = 33.3% in the control class; 

BMM = 10.8% in the experimental class vs. 30.6% in the control class). 

The stronger shift in the experimental class may be associated with Collaborative Constructive 

activities, which provided students with opportunities to discuss cause-and-effect relationships, 

such as the relationships among infection, inflammation, reproductive tract disorders, and their 

effects on system function. Group discussions and partially completed concept maps helped 

students organize these causal relationships in a more directed manner. In contrast, teacher-

centered instruction in the control class tended to position students as recipients of separate 

pieces of information, so their understanding of reproductive disorders had not yet developed 

into a complete mental model. The findings in the reproductive disorder subtopic show that 

Collaborative Constructive learning supported the strengthening of the Content, Prediction, 

and Explanation aspects, although some students still required visual representation exercises 

to depict the location and mechanisms of disorders more accurately. 

These differences indicate that each subtopic places different cognitive demands on students. 

Reproductive organs require visual representation, the sperm pathway requires an 

understanding of process sequencing, and reproductive disorders require cause-and-effect 

reasoning. The dominance of partial mental models, such as NDMM and the Predictive-

Content Mental Model (PCMM), indicates that some students were already able to master 

content and make predictions, but were not yet fully able to construct complete scientific 

explanations or visual representations. This pattern is consistent with Hamdiyati et al. (2022), 

who emphasized that students’ mental models in biology should be examined through the 

integration of verbal, visual, and relational representations. Therefore, Collaborative 

Constructive learning encouraged a shift in students’ mental models toward more scientific 



2094 
ISSN 2721-0979 (Print), ISSN 2721-1258 (Online) 

Copyright © 2026, Journal La Edusci, Under the license CC BY-SA 4.0 

understanding, although the Drawing and Explanation aspects still require further 

strengthening. 

Table 3. Representation of the Trajectory of Changes in Students’ Responses from Pretest to 

Posttest 

Sub Topic Class Pretest Posttest 

Reproductive 

Organs 

Experimental 

Content: “Penis: an organ for 

releasing sperm and involved 

in the reproductive process. 

Testis: produces testosterone. 

Epididymis: the site of sperm 

maturation and storage. 

Urethra: the channel through 

which urine and sperm exit.” 

 

Prediction: “The number of 

sperm decreases, and the 

sperm do not mature 

properly.” 

 

Level 3: Predictive-Content 

Mental Model 

Content: “Testis: produces 

sperm. Urethra: the channel 

through which sperm exits. 

Penis: a copulatory organ that 

delivers sperm into the 

vagina.” 

 

Prediction: “Sperm production 

decreases or its quality 

becomes poor, resulting in a 

low sperm count, abnormal 

shape, and a reduced chance of 

fertilization.” 

 

Explanation: “Disorders of the 

testes impair sperm production 

because temperature increases, 

testosterone decreases, and free 

radicals damage sperm cells.” 

 

Level 2: Non-Drawing 

Mental Model 

Control 

Content: “Testis: the site of 

sperm cell formation. 

Epididymis: a temporary 

storage site for sperm cells. 

Vas deferens: connects the 

epididymis.” 

 

Level 4: Content-Only 

Mental Model 

Content: “Testis: the site of 

sperm formation. Epididymis: 

a temporary storage site for 

sperm. Vas deferens: a channel 

that connects the epididymis to 

the urethra.” 

 

Prediction: “It will decrease 

significantly.” 

 

Explanation: “This 

mechanism of quality decline 

occurs because the testes are 

the main site of sperm 

production.” 

 

Level 2: Non-Drawing 

Mental Model 

Sperm 

Pathway 
Experimental 

Left blank. 

(Level 6) 

Content: “Testis: the site 

where sperm are produced. 

Epididymis: the site where 
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Sub Topic Class Pretest Posttest 

sperm mature or are stored. 

Vas deferens: transports sperm 

from the epididymis to the 

urethra. Ejaculatory duct: the 

channel where sperm mixes 

with fluid from the seminal 

vesicles. Urethra: the final 

channel that releases sperm 

from the body through the 

penis.” 

 

Prediction: “The vas deferens 

is cut, so sperm from the 

epididymis cannot pass into the 

urethra. Sperm continue to be 

produced in the testes but only 

reach the epididymis and are 

then absorbed by the body. 

During ejaculation, pregnancy 

does not occur because sperm 

cannot exit to fertilize the egg.” 

 

Explanation: “Vasectomy cuts 

the vas deferens so that sperm 

cannot pass into the urethra and 

are eventually absorbed by the 

body, while ejaculation still 

occurs without sperm.” 

 

Drawing: The student drew a 

diagram of the sperm pathway 

from the testis – epididymis – 

vas deferens – ejaculatory duct 

– urethra – out of the body. 

 

Level 1: Scientifically 

Accepted Mental Model 

Control 
Left blank. 

(Level 6) 

Content: “Testis: the site of 

sperm formation. Epididymis: 

the channel for sperm 

maturation. Vas deferens: 

transports sperm to the urethra. 

Urethra: the final channel that 

carries sperm out through the 

penis.” 

 

Prediction: “The pathway is 

cut, sperm cannot exit, and 
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Sub Topic Class Pretest Posttest 

sperm can be reabsorbed by the 

body.” 

 

Level 3: Predictive-Content 

Mental Model 

Reproductive 

Disorders 

Experimental 
Left blank. 

(Level 6) 

Content: “Gonorrhea is a 

sexually transmitted disease 

caused by the bacterium 

Neisseria gonorrhoeae. Its 

effect is inflammation of the 

tract.” 

 

Prediction: “It will be 

disrupted or obstructed, with 

inflammation and swelling in 

the urethral tract.” 

 

Explanation: “Inflammation 

causes the urethral wall to 

swell and produce pus.” 

 

Level 2: Non-Drawing 

Mental Model 

Control 
Left blank. 

(Level 6) 

Left blank. 

(Level 6) 

This finding suggests that Collaborative Constructive learning contributed more strongly to the 

improvement of students’ mental models than teacher-centered instruction. This finding 

reinforces the results of the Mann-Whitney U test, indicating that Collaborative Constructive 

learning provided stronger support for improving students’ mental models than teacher-

centered instruction. The difference in improvement shows that students’ engagement in 

student worksheet exploration, group discussions, completion of partially developed concept 

maps, and presentations of discussion results played a role in helping them construct more 

structured understanding. 

This difference may be attributed to the characteristics of Collaborative Constructive learning, 

which provides opportunities for students to construct and revise their understanding through 

student worksheet exploration, group discussion, and the completion of partially completed 

concept maps. In the reproductive organ subtopic, students are not expected merely to 

memorize the names of organs, but also to understand the relationships among structure, 

function, and biological mechanisms. Collaborative activities allow students to compare ideas, 

clarify conceptual errors, and receive scaffolding from both peers and the teacher (Eun, 2017). 

In addition, concept maps help students explicitly organize relationships among concepts, 

enabling previously fragmented knowledge to develop into a more coherent structure of 

understanding (Schroeder et al., 2017). 

The stronger shift observed in the experimental class may be related to the nature of 

Collaborative Constructive learning, which helps students organize the sperm pathway as an 

interconnected system. Through group discussion and partially completed concept maps, 

students were guided to understand the sequential relationships among the testis, epididymis, 
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vas deferens, ejaculatory duct, urethra, and penis, rather than merely memorizing organ names. 

In this subtopic, students need to understand the processes of sperm formation, maturation, 

transport, and release as a connected sequence. This is in line with Momsen et al. (2022), who 

emphasized that biology learning should develop systems thinking so that students can 

understand the relationships among components within a biological system. 

This pattern indicates that the reproductive disorder subtopic requires more complex reasoning 

than the identification of reproductive organs or the sperm pathway. Students must understand 

the relationships among the normal condition of organs, causes of disorders, changes in 

function, and their effects on the reproductive system. This difficulty is consistent with the 

findings of Nasution and Khairuna (2022), who showed that the highest level of misconception 

in the topic of the human reproductive system occurred in the reproductive disorder subtopic. 

Andariana et al. (2020) also found that misconceptions in human anatomy and physiology 

frequently appear in the reproductive system subtopic, indicating the need for learning that can 

more explicitly connect the concepts of structure, function, and mechanism. 

Comparatively, the shifts in students’ mental models showed different patterns across 

subtopics. In the reproductive organ subtopic, many students in the experimental class 

remained in the Non-Drawing Mental Model (NDMM) category, confirming that students’ 

verbal understanding was not yet fully accompanied by their ability to represent anatomy 

visually. In the sperm pathway subtopic, the shift in mental models appeared to be the strongest 

because students were supported by activities that required them to arrange sequences and 

relationships among organs using partially completed concept maps. In contrast, reproductive 

disorders remained the most problematic subtopic because the Blank Mental Model (BMM) 

still appeared, particularly in the control class. 

Based on Table 3, differences in the quality of students’ mental models were evident not only 

in changes in level, but also in the depth of students’ responses. In the reproductive organ 

subtopic, both the experimental and control classes reached Level 2 in the posttest, but the 

quality of their explanations differed. The responses of students in the experimental class 

showed more specific causal relationships among organ disorders, physiological changes, 

sperm quality, and the chance of fertilization. In contrast, students’ responses in the control 

class remained general because they only linked testicular function to decreased sperm quality. 

This shows that the same mental model category does not necessarily represent the same depth 

of reasoning. In the context of physiology, strong understanding requires connections among 

structure, mechanism, and function, rather than merely naming organs or stating their basic 

functions (Lira & Gardner, 2020). 

In the sperm pathway and reproductive disorder subtopics, differences in response quality 

became more evident. The experimental class was able to develop responses from blank 

answers into explanations that included content, prediction, and explanation, even 

accompanied by visualization in the sperm pathway subtopic (Ariely et al., 2024). In contrast, 

the control class still showed more fragmented mental models, especially when students were 

asked to explain mechanisms or cause-and-effect relationships. This finding indicates that 

Collaborative Constructive learning not only improved the completeness of students’ 

responses, but also helped them organize knowledge into a more coherent line of reasoning 

(Prayitno et al., 2022). The use of visualization in science learning is also important because it 

can represent relationships among components and processes that are difficult to understand 

through verbal explanation alone (Bobek & Tversky, 2016). 

Nevertheless, the examples of students’ responses show that improvement in the experimental 

class was not evenly distributed across all aspects. Some responses were already strong in 
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content, prediction, and explanation, but were not yet accompanied by accurate visual 

representations, particularly in the reproductive organ and reproductive disorder subtopics 

(Andariana et al., 2020). This indicates that the Drawing aspect remained an obstacle in the 

formation of complete mental models. This finding is consistent with Nasution and Khairuna 

(2022), who indicated that reproductive system disorders are among the subtopics most prone 

to misconceptions. In Table 1.3, changes in the mental models of students in the experimental 

class were reflected not only in higher levels, but also in the improved quality of relationships 

among concepts in students’ responses, especially in the Content, Prediction, and Explanation 

aspects (Batlolona & Diantoro, 2023). 

Overall, the findings of this study indicate that the improvement of students’ mental models in 

the experimental class can be explained through the principles of social constructivism (Mishra, 

2023). Collaborative Constructive learning provides space for students to express ideas, 

compare understandings, and revise concepts through interactions with peers and the teacher. 

This process is important because mental models are not formed merely through the reception 

of information, but through active activities of organizing, connecting, and testing concepts. 

With the support of student worksheets, group discussion, and partially completed concept 

maps, students received scaffolding that helped them transform previously fragmented 

knowledge into a more directed structure of understanding (Mustafa et al., 2021). 

However, the persistence of partial mental models among some students indicates that 

reconstruction of understanding had not occurred evenly across all C-P-E-D aspects. In several 

subtopics, students were able to master content and make predictions, but remained weak in 

constructing mechanistic explanations or visual representations. This condition may occur 

because the topic of the male reproductive system requires the integration of anatomical 

structure, physiological function, process sequencing, and cause-and-effect relationships. 

Students who do not yet have a strong conceptual foundation tend to construct fragmented 

understanding. This is in line with Belland (2017), who emphasized that scaffolding is 

necessary in STEM learning to help students deal with complex cognitive tasks. 

The pedagogical implication of these findings is that biology learning, particularly in organ 

system topics, needs to be designed to develop systems thinking rather than merely 

emphasizing mastery of terminology. Teachers need to facilitate activities that help students 

connect structure, function, process, and disorders within a single sequence of biological 

reasoning. Strategies such as problem-based discussions, partially completed concept maps, 

exercises in explaining mechanisms, and gradual visual representation can be used to 

strengthen the Content, Prediction, Explanation, and Drawing aspects in a more balanced 

manner. Therefore, mental model assessment can serve as an alternative form of process 

assessment that helps teachers identify which parts of students’ understanding remain partial 

and determine more appropriate forms of intervention. 

Conclusion 

This study demonstrates that the Collaborative Constructive approach has a positive effect on 

improving the quality of students’ mental models in the topic of the male reproductive system. 

The experimental class showed greater improvement than the control class, as indicated by 

both the statistical test results and the shifts in mental model categories. Collaborative 

Constructive learning helped students develop more structured understanding, particularly in 

the aspects of Content, Prediction, and Explanation. However, some students still 

demonstrated partial mental models, especially in the Drawing aspect, indicating that their 

ability to visually represent anatomical structures and biological mechanisms still requires 

further strengthening. 
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The pedagogical implication for biology teachers is the need to design learning activities that 

do not merely emphasize mastery of terminology, but also train students to connect structure, 

function, process, and disorders within a coherent sequence of biological reasoning. Strategies 

such as guided group discussions, partially completed concept maps, exercises in explaining 

mechanisms, and gradual visual representation can be used to help students construct more 

complete mental models. Thus, teachers play a role not only as transmitters of content, but 

also as facilitators who provide scaffolding according to students’ conceptual difficulties. 

From an assessment perspective, the findings of this study emphasize that biology learning 

evaluation should be complemented by mental model-based assessment. The C-P-E-D 

framework can help teachers identify whether students’ difficulties lie in content mastery, 

prediction ability, explanation construction, or visual representation. Future research is 

recommended to examine the sustainability of mental model changes through longitudinal 

studies and to develop more specific scaffolding strategies to strengthen the Drawing and 

Explanation aspects in other abstract and complex biological topics. 
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