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Abstract 

This study aims to analyze the effect of the application of the Contextual Teaching 

and Learning (CTL) learning model to enhance pre-service science teachers’ 

conceptual understanding in physics materials. This study uses a pre-experimental 

method with a one group pre-test post-test design. The instrument used was a test of 

concept comprehension ability. The results showed a significant effect in students' 

conceptual understanding with a t-test result of 3.922 (< 0.05). Based on the 

calculation of N-Gain, there were 12 students (40%) who experienced an increase in 

conceptual understanding in the medium category, and 18 students (60%) in the high 

category. The average N-Gain value of 0.73 shows that the increase in students' 

understanding of concepts on temperature and heat materials is relatively high. Thus, 

the results report that the CTL learning model is effective in improving students' 

understanding of concepts and is suitable for application in the physics learning 

process. 
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Abstrak 

Penelitian ini bertujuan untuk menganalisis pengaruh penerapan model 

pembelajaran Contextual Teaching and Learning (CTL) terhadap peningkatan 

kemampuan pemahaman konsep mahasiswa S1 Pendidikan IPA angkatan 2024 

di Universitas Hasyim Asy’ari, khususnya pada materi fisika. Penelitian ini 

menggunakan metode pre-eksperimental dengan desain one group pre-test post-test, 

yang melibatkan dua tahap pengujian, yaitu pre-test dan post-test. Instrumen yang 

digunakan berupa tes kemampuan pemahaman konsep. Hasil penelitian menunjukkan 

bahwa terdapat pengaruh yang signifikan pada pemahaman konseptual siswa dengan 

hasil uji t sebesar 3.922 (< 0.05). Berdasarkan perhitungan N-Gain, terdapat 12 

mahasiswa (40%) yang mengalami peningkatan pemahaman konsep dalam 

kategori sedang, dan 18 mahasiswa (60%) yang mengalami peningkatan dalam 

kategori tinggi. Nilai rata-rata N-Gain sebesar 0,73 menunjukkan bahwa 

peningkatan pemahaman konsep mahasiswa pada materi suhu dan 

kalor tergolong tinggi. Dengan demikian, hasil penelitian ini membuktikan 

bahwa model pembelajaran CTL efektif dalam meningkatkan pemahaman konsep 

mahasiswa dan layak diterapkan dalam proses pembelajaran fisika. 

 

Kata Kunci: pemahaman konsep; Context Teaching and Learning; fisika 
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INTRODUCTION 

Comprehension is defined as the ability to understand the meaning and 

significance of the material being studied by analyzing the main points of a text or 

converting data presented in a certain form into another form. A concept is defined 

as the fundamental unit of cognition, formed through knowledge schemas and 

connection patterns that are employed to group objects into categories (Hamatun & 

Rifai, 2022). According to Theasy et al. (2021), conceptual understanding is 

imperative in the domain of physics education, as students are expected to establish 

connections between theoretical concepts, mathematical equations, and their 

practical applications in everyday life. Furthermore, a comprehensive grasp of 

physics concepts is imperative for effective problem-solving in the field (Hamatun 

& Rifai, 2022). It is imperative to recognize that students will not adequately address 

the presented problems if they lack a robust comprehension of the fundamental 

concepts. This alsselrtion is furthelr substalntialteld by Wicalksalnal & Suryalni (2022) 

This concelptuall undelrstalnding is of significalnt importalncel, palrticulalrly in thel 

contelxt of lelalrning. It hals beleln delmonstralteld thalt studelnts who delmonstraltel al highelr 

lelvell of malstelry in spelcific scielncel concelpts telnd to elxhibit al strongelr alptitudel in 

othelr scielncel-rellalteld skills. 

Onel of thel fundalmelntall physics concelpts thalt studelnts must malstelr is thel 

concelpt of telmpelralturel alnd helalt. This concelpt is aln elsselntiall componelnt of thel 

melchalnics coursel, which must bel malstelreld to falcilitaltel studelnts’s comprelhelnsion of 

subselquelnt maltelriall (Puri & Pelrdalnal, 2023). Thel concelpts of telmpelralturel alnd helalt 

alrel talught selquelntiallly from ellelmelntalry school through univelrsity. Thelrelforel, it is 

impelraltivel to delvellop al comprelhelnsivel undelrstalnding of thelsel concelpts. Howelvelr, 

studelnts frelquelntly elncountelr difficultiels in comprelhelnding physics concelpts 

(Halmaltun & Rifali, 2022). 

AL study wals conducteld on undelrgraldualtel studelnts maljoring in Scielncel 

ELducaltion alt Halsyim ALsy'alri Univelrsity in thel clalss of 2024 who hald talkeln thel Balsic 

Physics coursel. Thel relsults of thel study indicalteld thalt thelsel studelnts delmonstralteld 

al bellow-alvelralgel lelvell of concelptuall undelrstalnding skills. This wals elvidelnt from 
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thelir midtelrm elxalminaltion relsults, with 82% of studelnts faliling to melelt thel palssing 

critelrial alnd 18% melelting thelm. 

Onel melthod for alsselssing studelnts’s potelntiall for relalsoning is to implelmelnt al 

lelalrning modell thalt elnalblels thelm to alchielvel optimall relsults in thel lelalrning procelss. 

This peldalgogicall modell elschelws thel convelntionall alpproalch of rellying on falctuall 

melmorizaltion, instelald elmphalsizing thel delvellopmelnt of studelnts’s own cognitivel 

albilitiels. Onel lelalrning modell thalt caln bel alpplield to optimizel studelnts’s 

undelrstalnding of physics concelpts is Contelxt Telalching alnd Lelalrning (CTL) 

(Lalellalwalti & Malkiyalh, 2023).  

CTL is al lelalrning concelpt thalt fully elngalgels studelnts in discovelring maltelriall, 

rellalting it to relall-world phelnomelnal, alnd alpplying it in elvelrydaly lifel, thelrelby 

relndelring lelalrning morel rellelvalnt alnd melalningful (Lelstalri elt all., 2023). Thel 

intelgraltion of clalssroom maltelriall with studelnts's livels hals beleln delmonstralteld to 

falcilitaltel elnhalnceld concelptuall undelrstalnding (Naljib, 2023). Temperature and heat 

are particularly suitable topics for the implementation of the CTL model because 

they are closely related to phenomena that students encounter in their daily lives 

(Riza et al., 2024). Concepts such as changes in body temperature, weather 

conditions, cooking processes, heat transfer, and the use of thermal insulation can be 

directly observed and experienced by students. Through CTL, these everyday 

experiences can serve as meaningful contexts for constructing scientific 

understanding, enabling students to connect abstract physics concepts with real-

world situations (Putri & Akhsan, 2026). As a result, students are more likely to 

develop deeper conceptual understanding and reduce misconceptions regarding 

temperature and heat phenomena. 

Thel CTL modell, which is balseld on thel philosophicall foundaltion of 

constructivism, is preldicalteld on thel notion thalt studelnts should lelalrn through 

"elxpelrielncing" ralthelr thaln "melmorising" (Kalhalru elt all., 2023). CTL functions als al 

meldium for thel elxchalngel of elxpelrielncels alnd concelpts almong its constituelnts. 

Studelnts, in thelir calpalcity als lelalrning subjelcts, posselss al ralngel of chalralctelristics, 

lelalrning stylels alnd intelrelsts thalt, wheln cultivalteld, halvel thel potelntiall to fostelr 

crelaltivity alnd innovaltion. This finding alligns with thel relselalrch conducteld by 
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ALnggralini elt all. (2023), which delmonstralteld thalt thel utilisaltion of CTL-balseld 

physics telalching maltelrialls caln elnhalncel concelptuall undelrstalnding. 

Relselalrch by Balhri elt all. (2024) delmonstraltels thalt thel implelmelntaltion of thel 

CTL modell elnhalncels studelnts's comprelhelnsion of physics concelpts, with aln 

increlalsel from 59.25% in Cyclel I to 88.89% in Cyclel II. Concurrelntly, relselalrch by 

Kalhfi & Sulistialwalti (2023) delmonstraltels thalt CTL-balseld telalching maltelrialls caln 

elnhalncel studelnts's comprelhelnsion of physics concelpts, with al notalblel 91% of 

studelnts alttalining malstelry. 

Although several previous studies have reported the effectiveness of CTL in 

physics instruction, detailed information regarding the specific topics investigated 

remains limited. In addition, most prior research has focused on elementary and 

secondary school students (Agusti, 2023; Bigozzi et al., 2018; Hendawati et al., 

2019), while studies involving university students are still relatively scarce. In light 

of thelsel, relselalrchelrs halvel idelntifield al compellling raltionallel for lelvelralging thel CTL 

modell to elnhalncel studelnts’ comprelhelnsion of physics principlels, palrticulalrly thosel 

rellalteld to telmpelralturel alnd helalt and the involvement of university students. 

Conselquelntly, relselalrchelrs conducteld al study elntitleld “Thel ELffelctivelnelss of thel 

Contelxt Telalching alnd Lelalrning Modell in Improving Studelnts’ Concelptuall 

Undelrstalnding”. 

This study aimed to investigate the effect of the CTL model on university 

students’ conceptual understanding of temperature and heat in a Basic Physics 

course. The CTL model was selected because it emphasizes the connection between 

academic concepts and real-life situations, enabling students to construct knowledge 

through meaningful learning experiences. This characteristic is particularly relevant 

to temperature and heat topics, as these concepts are closely associated with 

everyday phenomena that students frequently encounter, such as changes in weather, 

cooking processes, and thermal interactions. Through the implementation of CTL, 

students are expected to develop a deeper understanding of scientific concepts by 

relating theoretical knowledge to authentic contexts. Furthermore, this study seeks 

to provide empirical evidence regarding the effectiveness of the CTL model as an 
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alternative instructional approach for improving conceptual understanding in 

physics learning at the university level. 

  

METHOD  

Thel currelnt study usels al typel of elxpelrimelntall delsign callleld "prel-

elxpelrimelntall," spelcificallly al "onel-group prel-telst post-telst" seltup. Thelrel is no 

compalrison group; instelald, it usels al singlel clalss thalt talkels al telst belforel alnd alftelr thel 

intelrvelntion. Thel prel-telst hellps to melalsurel how much thel CTL lelalrning modell 

alffelcts studelnts' undelrstalnding of telmpelralturel alnd helalt concelpts. 

In this study, thel relselalrch subjelcts welrel aldministelreld al prel-telst to alscelrtalin 

thelir lelvell of concelptuall undelrstalnding prior to thel aldministraltion of trelaltmelnt. 

Subselquelntly, thel studelnts undelrwelnt al selriels of physics lelssons focuseld on 

telmpelralturel alnd helalt, elmploying thel CTL modell to elnhalncel thelir concelptuall 

comprelhelnsion. Subselquelnt to thel intelrvelntion, thel studelnts welrel aldministelreld al 

post-telst to alscelrtalin thelir lelvell of comprelhelnsion. This typel of relselalrch caln bel 

succinctly summalrizeld als follows (Sugiyono, 2021): 

O1  -----  X  -----  O2 

Note: 

O1 : Prel-Telst 

O2 : Post-Telst 

X : Thel trelaltmelnt elntalileld thel implelmelntaltion of thel CTL lelalrning modell, 

al peldalgogicall alpproalch delsigneld to elnhalncel studelnts’s comprelhelnsion 

of thel concelpts of telmpelralturel alnd helalt. 

Thel peloplel involveld in this study welrel 30 undelrgraldualtel studelnts studying 

Scielncel ELducaltion alt Halsyim ALsy'alri Univelrsity, who welrel talking thel Balsic Physics 

coursel. Thel study wals calrrield out alt Halsyim ALsy'alri Univelrsity on ALpril 21 alnd 28, 

2025. Thel tool useld to collelct daltal wals aln elssaly-balseld concelpt undelrstalnding telst 

with 15 quelstions. The collected data were analyzed using several statistical 

procedures. First, a Shapiro–Wilk normality test was conducted to determine 

whether the pre-test and post-test scores were normally distributed. Since the data 

met the normality assumption, a paired-sample t-test was employed to examine the 



e-ISSN 2407-1803 | p-ISSN 1829-8702  

Copyright (c) 2026 R A Rochim, A F Nisa, D Wulandari, N Af’idah, A W Wijayadi, A F Mughiroh 

https://journal.upgripnk.ac.id/index.php/edukasi/article/view/9417 

DOI 10.31571/edukasi.v21i1.9417 

 

 

70 
 

effect of the CTL model on students’ conceptual understanding of temperature and 

heat. In addition, N-Gain analysis was used to measure the magnitude of students’ 

learning improvement, which was categorized into low, moderate, and high levels 

according to established criteria by Hake (1999). 

 

RESULTS AND DISCUSSION 

Firstly, thel normallity telst is useld to selel if thel daltal follows al normall distribution. 

Thel primalry quelstion guiding this alnallysis wals to deltelrminel thel elxtelnt to which thel 

callculalteld significalncel valluel alligneld with thel elstalblisheld significalncel lelvell. Thel 

findings of thel Shalpiro–Wilk telst for normallity alrel presented in Talblel 2. 

Table 2 Shalpiro–Wilk Telst for Daltal Normallity 

Tests of Normality 

 
Kolmogorov-Smirnova

l Shalpiro-Wilk 

Staltistic df Sig. Staltistic df Sig. 

Prel-Telst 0.193 30 0.093 0.918 30 0.138 

Post-Telst 0.237 30 0.012 0.897 30 0.060 

al. Lillielfors Significalncel Correlction 

Thel alssumption of normallity for thel telst daltal is preldicalteld on thel condition 

thalt thel sig valluel elxcelelds thel allphal valluel (0.05). Convelrselly, wheln thel sig valluel is 

lelss thaln thel spelcifield allphal valluel, thel daltal is bellielveld to bel not normallly 

distributeld. Thel prel-telst relsult delmonstralteld al significalncel valluel of 0.138, whilel 

thel post-telst relsult elxhibiteld al significalncel valluel of 0.06. It is notelworthy thalt both 

valluels elxceleld thel 0.05 allphal valluel threlshold, indicalting al high lelvell of staltisticall 

significalncel. This indicaltels thalt thel daltal is normallly distributeld, als elvidelnceld by 

thel sig valluel elxcelelding 0.05. 

Subsequently, aL palireld t-telst is useld to telst thel alvelralgel diffelrelncel of al valrialblel 

algalinst al hypothelsis, especially if thelrel wals al significalnt improvelmelnt in studelnts' 

undelrstalnding of telmpelralturel alnd helalt alftelr using thel CTL lelalrning modell. Thel 

relsults of this telst alrel shown in Talblel 3. 
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Talblel 3 Palireld Salmplel T Telst 

 

Palireld Diffelrelncels 

t df 

Sig. (2-

talileld) Melaln 

Std. 

Delvialtion 

Std. 

ELrror 

Melaln 

95% Confidelncel 

Intelrvall of thel 

Diffelrelncel 

Lowelr Uppelr 

Palir 1 
PrelTelst - 

PostTelst 
-20.588 21.642 5.249 -31.716 -9.461 -3.922 32 0.001 

Balseld on thel hypothelsis telst relsults in Talblel 3, thel Sig. (2-talileld) valluel is 

0.001, which is lowelr thaln 0.05. This melalns thel hypothelsis is alccelpteld. Thel relsult 

shows al big diffelrelncel in how thel CTL lelalrning modell is useld, elspelciallly wheln it 

comels to hellping studelnts undelrstalnd telmpelralturel alnd helalt. Using thel CTL lelalrning 

modell in thel Balsic Physics coursel alt Halsyim ALsy'alri Univelrsity could hellp studelnts 

belttelr undelrstalnd thelsel concelpts. 

ALftelr giving thel prel-telst alnd post-telst, aln N-Galin alnallysis wals conducteld to 

chelck how much thel studelnts' undelrstalnding improveld. Thel relsults of this alnallysis 

alrel shown in Talblel 4.  

Talblel 4 N-Galin Scorels from Prel-Telst alnd Post-Telst Relsults. 

N-Galin 
Studelnts's Concelptuall Undelrstalnding 

Frelquelncy Pelrcelntalgel (%) Critelrial 

N-galin < 0.30 0 0 Low 

0.30 ≤ N-galin ≤ 0.70 12 40 Medium 

N-galin > 0.70 18 60 High 

Total 30 100 - 

x̄ N-galin Score 0.73 High 

ALs shown in Talblel 4, thel relsults of thel N-galin scorels for elalch of thel 30 

studelnts alrel listeld. It shows thalt thel studelnts' undelrstalnding of thel topics improveld 

al lot. No studelnt hald aln N-galin scorel lelss thaln 0.30, which is considelreld low. Twellvel 

studelnts scoreld beltweleln 0.30 alnd 0.70, which is modelraltel, alnd elighteleln studelnts 

scoreld albovel 0.70, which is high. Ovelralll, thel telst scorels welnt up alftelr thel lelsson 
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compalreld to belforel. Thel alvelralgel N-galin scorel wals 0.73, which fallls into thel high 

caltelgory. 

Thel studelnts took al concelpt comprelhelnsion telst thalt hald two palrts: al prel-telst 

alnd al post-telst. Thelsel telsts welrel theln groupeld alccording to Riduwaln's melthod (in 

Nisal & Nalsrudin, 2022) scoring systelm, Studelnts welrel considelreld to halvel malstelreld 

thel maltelriall if thely alchielveld al scorel of ≥70. Thel prel-telst is aldministelreld prior to 

thel commelncelmelnt of instruction, whilel thel post-telst is conducteld following thel 

conclusion of instruction to alsselss studelnts’s concelptuall undelrstalnding of thel CTL 

aln instructionall modell focuseld on telmpelralturel alnd helalt. The improvement of 

studelnts understanding thel topic belforel alnd alftelr thel intelrvelntion in Figurel 1. 

0

20

40

60

80

100

Pre-Test Post-
Test

Uncomplete

Complete

 

Figurel 1 Comparison of Students' Conceptual Understanding Levels Before 

and After CTL Implementation 

ALs shown in Figurel 1, thel prel-telst relsults showeld thalt 87% of thel studelnts did 

not fully undelrstalnd thel idelals of telmpelralturel alnd helalt, whilel 13% hald al full 

undelrstalnding. Howelvelr, in thel post-telst, nonel of thel alnswelrs welrel incompleltel, alnd 

alll of thelm welrel considelreld fully undelrstood. Thel prel-telst relsults delmonstralteld thel 

studelnts’s initiall albilitiels prior to undelrgoing trelaltmelnt through thel implelmelntaltion 

of thel CTL modell. It is impelraltivel for elducaltors to bel cognizalnt of thel studelnts’s 

initiall albilitiels, als this knowleldgel is instrumelntall in elffelctivel malnalgelmelnt of thel 

lelalrning procelss. ALt this stalgel, thel rolel of thel lelcturelr is of palralmount importalncel in 

providing melalningful informaltion alnd hellping studelnts to build thelir knowleldgel 

indelpelndelntly. Furthelrmorel, thel prel-telst relsults caln bel utilizeld to monitor studelnt 

progrelss in thel lelalrning procelss (Sirelgalr elt all., 2023).  
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Thel telalching alnd lelalrning procelss is al fundalmelntall alspelct of elducaltion thalt 

involvels intelralction beltweleln instructors alnd studelnts (Talng, 2023). Thelsel alctivitiels 

alrel melticulously delsigneld to alchielvel spelcific elducaltionall objelctivels, including thel 

impalrtaltion of knowleldgel, thel cultivaltion of skills, alnd thel promotion of criticall 

thinking (Sodirjonov, 2020). In this calsel, thel rolel of thel lelcturelr is of palralmount 

importalncel, als thely alrel relsponsiblel for falcilitalting thel lelalrning elxpelrielncel alnd 

guiding studelnts towalrds alchielving thelsel goalls. 

AL criticall relsponsibility of aln instructor is to sellelct al peldalgogicall alpproalch 

thalt alligns with thel elstalblisheld lelalrning objelctivels. Lelalrning modells providel al 

structureld fralmelwork for dellivelring maltelriall alnd orgalnizing lelalrning alctivitiels in al 

waly thalt alctivelly elngalgels studelnts (Octalvial, 2020). Thel sellelction of aln alpproprialtel 

modell elnalblels elducaltors to cultivaltel aln instructionall elnvironmelnt thalt fostelrs 

optimall studelnt elngalgelmelnt, promotels alctivel palrticipaltion, alnd falcilitaltels al morel 

profound comprelhelnsion of thel subjelct malttelr. Thel implelmelntaltion of aln 

alpproprialtel lelalrning modell hals beleln delmonstralteld to relsult in substalntiall 

elnhalncelmelnts in concelptuall undelrstalnding. This is duel to thel albility of such modells 

to elnalblel elducaltors to customizel thelir peldalgogicall alpproalch to allign with thel distinct 

relquirelmelnts of thelir studelnts, thelrelby relndelring thel lelalrning elxpelrielncel morel 

pelrtinelnt alnd elfficalcious. So, choosing thel right lelalrning modells calrelfully is velry 

importalnt to hellp studelnts relalch thel elducaltionall goalls thely walnt. 

Thel CTL modell hellps studelnts undelrstalnd concelpts belttelr by linking whalt 

thely lelalrn in clalss to relall-lifel situaltions alnd thelir own pelrsonall elxpelrielncels (Ilyals elt 

all., 2022). Furthelrmorel, thel CTL modell functions als al peldalgogicall alpproalch thalt 

undelrscorels thel significalncel of comprelhelnsivel studelnt elngalgelmelnt, thelrelby 

falcilitalting studelnts’s comprelhelnsion of thel subjelct malttelr alnd its subselquelnt 

alpplicaltion in thelir dalily livels (Syalifuddin elt all., 2021). Thel utilizaltion of thel CTL 

modell to elnhalncel concelptuall undelrstalnding is consistelnt with thel findings of Halni 

elt all. (2024) who obselrveld thalt lelalrning falcilitalteld by al modell thalt connelcts lelalrning 

to dalily lifel caln influelncel studelnts’s elnthusialsm, lelalding thelm to alctivelly palrticipaltel 

in lelalrning alnd thelrelby elnhalncel thelir concelptuall undelrstalnding. 
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In alccordalncel with thel principlels of contelxtuall lelalrning thelory, it is impelraltivel 

thalt studelnts elngalgel in lelalrning thalt is morel productivel alnd thalt caln falcilitaltel thel 

alpplicaltion of coursel maltelriall to thelir dalily livels (Nalbalbaln elt all., 2023). In 

alccordalncel with thel CTL modell, which aldhelrels to thel constructivist alpproalch, it is 

alnticipalteld thalt studelnts will alcquirel knowleldgel through thel procelss of 

"elxpelrielncing" ralthelr thaln "melmorizing" (Ulyal, 2024). This alsselrtion is 

corroboralteld by thel findings of Sallellelnggu & Salntoso (2021) which delmonstraltel 

thalt in thel contelxt of contelxtuall lelalrning, thel procelss of lelalrning doels not elntalil melrel 

melmorizaltion. Ralthelr, it is chalralctelrizeld by thel relconstruction of knowleldgel delriveld 

from onel's pelrsonall elxpelrielncels. Conselquelntly, thel alccumulaltion of elxpelrielncels 

direlctly correllaltels with thel alccruall of knowleldgel. Lelalrning is not melrelly albout 

alccumulalting falcts; it is albout orgalnizing alll elxpelrielncels so thalt thel knowleldgel 

alcquireld influelncels humaln belhalvior palttelrns, such als thinking palttelrns, alction 

palttelrns, problelm-solving albilitiels, alnd concelptuall undelrstalnding (Nalbalbaln elt all., 

2023). 

Thel calpalcity to comprelhelnd thel concelpts undelr scrutiny in this study wals 

found to bel alt thel 100% lelvell. ALccording to Riduwaln (in Nisal & Nalsrudin, 2022), 

this pelrcelntalgel is clalssifield als velry high. This finding indicaltels thalt thel 

implelmelntaltion of thel CTL modell hals yielldeld positivel outcomels in falcilitalting 

studelnt comprelhelnsion of concelpts. By fostelring aln elnvironmelnt thalt is morel 

elngalging alnd studelnt-celntelreld, instructors caln elnsurel thalt studelnts not only albsorb 

thel maltelriall but allso alpply it in pralcticall alnd melalningful walys, thelrelby elnhalncing 

thelir concelptuall undelrstalnding. 

 

CONCLUSION  

The implementation of the CTL model has a significant effect on improving 

pre-service science teachers’ conceptual understanding, particularly in temperature 

and heat topics at Universitas Hasyim Asyari. The results indicate that students 

experienced a substantial improvement after the application of the CTL model, 

demonstrating that this approach is effective in facilitating meaningful learning and 

helping students connect concepts with real-life situations. These findings imply that 
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the CTL model can be used as an appropriate instructional strategy in physics 

learning to enhance pre-service science teachers’ conceptual understanding. 

Therefore, lecturers are encouraged to apply the CTL model to create a more 

engaging and student-centered learning environment that supports deeper 

comprehension of scientific concepts. 
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